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hhatract

Both Neo behavioral and psychoaetric approaches play ‘

dominant rolea in educational research. particularly in

‘North Aaeq{i£, Many product-oriented stilyes of learning
( eakn\aaes of L.D.

diaability .D.) focus on examining the
individuels with only curaory glances at their atrengtha.
. The process- oriented method folloving the clinical
i,case-atudy approach.'became the focalvpoinc of this
“ cognitive study on atrategic thinking and decilion making
‘expresaed by the executive processes of strategies found in
the ma;hematically learning disabled (M.L. D ) and
»non-mathemagikaily learning disabled 7th graders“
A&ne/research method of this sﬁudy generated some of
( Vygb@sky 5 brilliant thou@hts with ch%llenging modifications‘
Vbased upon the technique of collectiné rerbal data and the
-;;ﬁinnovative idea of de31gning the mathematics word problems
with" reﬁerepces from Ericsson and Simon (1980), Goodstein
,(1981)\\and Swahson ; (1982) vorks. At the _same time, o
.Soviet studies on mentally handicapped children and their
,mathenatical'penformance activated the self—generatedgdesigh
of tao‘sililar tasks. Each tahk involve;‘foux arithmetical
operationa (+,-,x,¢) found in three major categories of
lathematica vord probleas.‘nanely. ordinary pnoblels that -
are familiar.from classroom inatruccion,-problemsiwith
surplus information, and"ptoblems with»missing inéormgtign.

Ve
.

iv
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‘data from verbal nrotocels and. written scripts o

cogniti ely- bssed criteria for analyzing error pstterhs
kh{ stepping—stone of accomplishipg a eystesstic

beca
descr ptive a alysis for individual subjeete. : . B

..

—.-r\

‘ The 4eses?ch findings indicated both quslitstive
differences and similarities in strategies nonitdring anong
the Subjects. Evidence was also presented that similsr
cognitive strategies vere applicable across the task
performance on ‘four basic sqithmetical operations‘snd the
three ma jor categories of mathematic¢s word problems designed
for the study. It seems quite likelthhat‘cognitive |

‘strategies can serve as a means to facilitate the.
goal—directed task performance across situations‘or.

‘settihgs. No evidence of strategy deficienCy was found in
the M.L.D..spbjects_but‘the preficiency and cbnsistencj of

.executing'task-appropriate strétegies in rarious situatiqns,
particularly shown in problems ‘with surplus or missing "’
elements, challehged both.types of subjects in this study.‘
Moreover, the comnon assumption of strategy deficiency found

:among,heterbgenecus types of learning disabled individuals R

needs to be reexamined: ‘

. ' A more innovative and~critical”resesrch trend in

' learning;disabilities shifts totfocus on the‘prcficienty and

‘consistency of executing strategic thinkini and‘decisions*

v
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'learners and productive thinkers who know how and whgn ;o

[ . |
1

flexibly aeroae eituetioﬂe and tasks. ‘Recommendetibns

euggee: recontextuelizing~echooi cgrricule\by means of
teeehing the dieebled youngetere a system of Jearning and
thinking strategies. It requiree an explobution of some
cognitive—dielecticel Leeching techniquee ‘based upon :ee

o 3

notion of nedieted leerning experience ehared by Feuerséein.

.

Meiﬁ;enbeun, and Vygotsky.} Educational intervention o

&
i‘ges a reproducing oriented or a surfece approech ‘n

conduct and generateﬂinsights,inpo their strategic decisions

wh{ch,are applicable across multiple academic tasks and.real

0 ©
.

" life situations.. - \ ' N A \
P [ ) ‘ :
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. CHAPTER 1

K . i .
% ) . ' v a e

~ INTRODUCTION

o

Cognitive»processes and strategies control ‘are
.complex phenomena. Their definitional diversities are
problematic in many studies on cognition. : ;‘ S g'

| Kirby (1984) described processes as a subset of

'cognitive and mental functions. Kagan and Kogan (1970) have
stated: | !
4. )
>, the term cognitive, has typically referred ‘to
) ;mental agctivities in the ‘'sense of both product and
: . PrOCEeSS o« o« o " Cognitive process is a -
v _superordinate term, subsuming the mote familiar
‘ "titles of imagery,. perception, -free association,
thought, mediation, proliferation of hypotheses,
,reasoning, reflection, and . ptoblem solving.
All verbal behavior must be'a product of
cognitive processes. (p. 1275) -

. LA
Y

Lawson (1 84) suggested that cognitive processes

Y

encompass‘two maJor components. knovledge and control of-
strategies,,both of which are 52n@11y described as*“
,metacognition. They are 1nd1cat$d in thegsense that a
'.person is able to ta k about spec1f1c strategies, to know
how and when to execute'strategies for actual performance,'
5to controL them in the course of planning cognitive actions:
1and “to choose ambng a1ternative activities during tash
perfornance. The regulatory and executive functions of
-.cognitive processes provide spaCe for the vorking nemory )
‘1(Brovn & Smiley,.1978 Gagne, 1983. Kirby,‘1984, Newell'd
Simon, 1972), | R

¢ ‘ N < 1 N - .
. . . [ S P
s
L - - . ~
. . . : ' . . . . H



- Gagné (1974) explained that:

a cognitive strategy is an internally organized
skill that selects and guides the internal
processes involved in defining and solving novel
problems. In other words, it is a skill by which

~ the learner manages his own thinking behavior e e
Undoubtedly, the efficacy of an individual's
cognitive strategies exerts a crucial effect upon
the quality :of his own thought. . (p. 29)

At the same time, strategies control refers to the process
‘by which the learnér.monitors and changes strategies that

become'means~to achieve 'a goal‘(Forrest-Pressiey & Waller,

1984).

"\\\

N,

The duality‘of task performance. particularly the

solv1ng of mathematical problems, can be evaluated more
g . (
'accurately and obJectlvely by aspects both of process and of
' /
product/outcome (Kantowski, 1977) There are many /
Ry

" product- oriented studies concerned with the readlng disabled’

but 1ittle has been done to examine how the execufive

processes of strategles 1nf1uence the ovtcomes of task

performance among the mathematically learning/dlsabled atx
Junlor high school 1eve1. o _ //'

-Learning disabilities encompase heterogeneous groups
of students with various learning problems. They are
usually characterized as inactive learners who have problems

in-attention, organizetion,land.monitoring cognitive

f-strategles. Their disabilitles ‘are influenced mainly by

‘”jtheir 1mpu151ve 1earn1ng behav1or. poor knowledge or

° *

1nsuff1c1ent practlce in applying tesk-appropriate

) .. - ]

S . : n



strategies‘flexibly andvefficiently} and poor learning
motivation due to chronic experiences of academic failure
(Forrest-Pressley & Waller, 1954;-Keogh & yargolis,u1976:
Torgesen & Licht, 1983; Wong, 1982). g

It has been suggested that the learning disabled do
vapply cognitive ‘strategies, but ‘that their strategies ‘are
'inefficient. ineffective, or inflexible. It may be that ,
strategles are operated with qualitative differences among
them. in a h1erarch;~of prof1c1ency.- The quality of task
'performance is also 1nf1uenced by the background of

x\,.,
o

conceptual knowledge, by the ways to recall a d,organize

_rules/schemata while dev151ng a plan efp} ienmt y. and most

'-importantly, by the executive processes of thesizing and -
8551m11at1ng the rules (Gagne. 1983 Gerber,il983 Lupart & 8
Mulcahy, 1984; Mayer, 1975: Polya,‘1957'vWebb 1979)

There are many studies’ova.D focuslng dn examining
-what the disabled'learners cannot do or are ﬂefic1entiin,
but:very:little is”known about what they can do in ]
comparison to average-acbieving indiui;uals, or hoJﬁénd why
the execution and regulation of cognitive strategies
vinfluence the quality of their tasks' performances.
”Ecologicalivalidity has been one‘of‘the major‘issues central -
to:research onalearning diSabilities‘as well as other areas

of exceptionality (e.g., mental retardation),

°
~



.Ecologicel'validitx

Within the realm of cognitive science, research
efforts. have been directed mainly tovard examining probleme
of 1ntelligence.' IQ tests and achievement tests offer

limited accuracy in predicting the echool failure of the

.learning‘disabled. These .types of testq have biased currentl‘

L ‘ i1 .
attitudesy‘examinations,pand'treatments of,youngsters with

4

learning problems. g

‘The problem regarding an apparent gap between
experimental research'and the real 1ifehcontexts of‘the_{
subjects has become a serious concern, particularlv when
heterogeneous subgroupe of special populations,ere.involved
in studies with  various orientations.- Képgh (1976)

maintained that more experimental studies were not

necessarily~the answer to the problems in learning

disabilities. .She commented that the experimentaliSts'aimed'
e ; ‘ : . :

to teSt effects of treatments as 'well as seeking homogeneous

-subjects to reduce sample variance'”'

] )
This approach works particularly well in
agricultural ‘studies and reasonably well in the

" subjects, especially exceptional children,

/

animal laboratory; it is less achievable:with hume?/,

One solution, of course, is to move to "N of A

studies. &p 138) - ‘ 7
Willems (l96§) proposed the descriptive method aa an
ecoiogical approach &hich provided nonexperimental ways. to

underStand human behav1or. Keogh (1976) supported Willem's.

¢1965) comment that:



<
~ It might be noted that astronomers, although they. "
do . not control or manipulate the subject matter of

their studies, are recognized as scientists, evén
by operant conditioners, "It seems likely that both.’
descriptive and experimental approaches are
necessary and compatible. Careful, systematic,
reliable, and replicable descriptions frequently
‘provide the basis for controlled manipulation in

_the experimental paradigm and, in fact, may be a
necessary first step before experimental , -
manipulation can occur meaningfully. " (p. 138)

. .

It éeemsivery likely.that s&ﬁe alternatives to'éxpegimeqtal

studies are needed, 'especially for research on learniné
disabilities. |

Some alternatives for L.D. resear¢m,

. C . . . s
. . . L . : . £
. . ) . . ’ﬁ‘\;

N

Most L.D. studies are overruled by;the e;perimental

: . : R o
paradigm\in terms of emphasizing what sﬁbqig'bé.examined and
how'to formulate experimental conditions to fit the model of

stud&,"This often reshlts in sdbe;ficiél and inadequate

experimentalfréséan;h;f.Some résearéheré sﬁress corfeiati
';oefficients bf'singie¥Variabié studieé‘which demonstrate
 fépe§ted1y.thattspéCific behavioré‘tgﬁ be modifiéd; at least
'teﬁporarilg,’qhder'éerﬁainvexpérimental'conlitions of -
“reinforcement. Keogh (i976) cémnénted metaphdri;ally'thét..
one wvay to éet'drowned‘ihucpnducfihg fepearch'was to put an
overemphgsis oh'gtgtistigaily_and nefhodologica;ly
sophisticé;eﬁ’expérimenihlgngdgns which:%sked piniscule
i'questions; At the same time.nemphasisloh labels,"

etiologies, and ex pOSt facto designthas hot provided

<&



.o

rema:kabte insights into the nature of learning

disabilities.' It is quite true that: .

There is no nagic in behavioral. analysis. any more
than there is magic in diagndstic assessment . . . .
- . It is lack of clear conceptualization of the
) question which has led to inadequate, nonproductive,
; 8nd "fuzzy" regearch in special education.v
(Keogh, 1976, p. 139) .

Elkins (1976) explained the importance of
conceptua1121ng learning disabilities°v‘

because, at the cllnical level, the Structuring‘
of knowledge used in understanding a particular
child reflects the observer's conceptualization
of the antecedent-consequent relationship which
is operating. (p. 152)

’Elkin s (1976) suggestions coincide with Vygotsky 8. (1978)
'notion of utilizing phenotypic and genotypic approaches to
study and 1nterpret individuals mental processesr

Elkin (1976) suggested that phenotypic analysis is Hased
upon external features and begins directly with an obJect s

,current features ‘and manifestations. Genotypic analysis is

related to its or1g1n and causal dymamic basis rather than
its outer appearance. He suggested that-

 two phenotypically identical or similar processes
. may be radically.different from each other in their
‘causal-dynanmic aspects and vice versa; two procegses
that are very close in’ their-causal-dynamic nature .
may be very different phenotypically . ... .
We seek to.understand the real links bétveen the
external stimuli and internal responses that
underlie the higher form of behavior named by
introspective descriptions , . . . By necessity, -
objective analysis includes a scientific explanation
of both external manifestations and the proces under
study. ,(p. 62- 63)



Vygotsky (1978) remarked thst researchers have focused on f‘“
%

the reaction time of the "fossilized" res onses they study,
not on the lesrning processes or the conte_t of the reaction
itself. He sdvocated thst the study of cognitive |
. functioning -did not require the experimente to provide
subjects with externsl or artificial means in order to

accomplish the given task as expected. He commented that:
. : L . !
,the experiment is equally valid if, instead of
giving children artificial means, the experimént&r’
waits until they spontaneously apply some new-
auxiliary method or symbol that they then ‘
incorporate into their operations . . . . We might
trace the development of arithmetic skills in young
children by making. them manipulate d¥jects and apply
methods either suggested to them or "invented" by
them..., We study not only the final effect of the
operation, but its specific psychological Structure.

‘(p. 74)

.In summary, there is voluminous laboratory research
hconcernlng léarning disabilities. Laboratory research does
not necessarily mean experimental research, but can also
“refer to research i Mhich instruction/interventlon is not
oinvolved, suth a8 sﬁudies of process snd strategies
'vvarisbles. ,Descriptive studies of learners' behaviors.
psrticularly among the special populstions. in natural
clessroom/school settings are crucial to ecological
validity. .This csnlbe done by means of folloving'a clinical"-
paradigm while observing the subjects‘engaged in a specific
tssh and_ssking them'unobtrusiue yet’probihg questions about

. their activity. . {
Sk ) ’
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The' present study utilized the. deacriptive case
study approach to explore the executive processes. of
'cognitive strategies found in latheﬁﬁtioally learning
disabled Andjaverage—aéhieving‘aerenth'gradera during their
tasb‘performance,"Another focus of this study stressed how
and why.these tvo types of subjects were different and/or .
, 51m11ar qualitatively in applying some specific kinds of
strategies fo; sOlving the following three major categories
of mathematical problems: ordinary problems (familiar from
‘ classroom 1nstrUction). probbems with surplus information,
'and problems with m1551ng information.‘ It was believed that

e analyses of the subJects verbal protocols and written
scRipts would prov1de more current and detailed evidence as

. to how they organize plans for sequentiallsubsequent

behav1ors as well: as examine their processes of executing

and. regulating strategies during task performance.

pv4



- C . CHAPTER 2 o
S L |
' ' SELECTIVE REVIEW OF 'THE LITERATURE

L4

Metacognitive kndaledge and‘atra;eg!—nonitoring

: Verious;definitional_app&oaches to metacognition

magnify the conceptual conflict among the researchers with
° ,
different foci of interests.

Flavell (1976) suggested that-

” metacognition refers to one 's knowledge concerning -

: one's own cognitive processes and products or
anything related to them e.g., the learning-relevant
‘properties of information or,  data ... Metacognition
refers, among other things to sctive monitoring
and consequent regulation and orchestration of
these processes in relation to the cognitive objects
or data on which they bear, usually in the service
~of some concrete goal or objective. (p. 232)

Brown and Palincsar‘(19823'defined metacognition
. ' ) N ,
within two major categories: 1. knowledge about cognition,

and 2, the regulaidpn of cognition. - Knowledge about
cognition!

involves conscious access to one's own
cognitive operations and reflection about those of
others; it is 4 form of declarative knowledge about
the domain 'thinking'. (p. 1)

They continned to explain that the regulation of cognitlonw
involves'.

planning ectivities prior to undertaking a problem
(e.g. predicting outcomes, scheduling strategies,
and using forms of vicarious trial and error),
monitoring activities during learning (mon1toring,
testing, revising, and rescheduling one's strategies
for learning), and checking outcomes (evaluating the
outcome of any strategic action in terms of criteria
of efficiency and effectiveness). =~ (p. 12)

9
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Metacognitive acti&;tieg are then concerned with

- a

both conscious reflection and regulation of cognitive

knowleage;and strategies, Lawson (1984) advocqted

distinguishing between metacognitive knowledge,;nd executive

processes as two dimensions within cognitive prfcesles. ’

S

Klywareness.

V\a

Kfrby (1984) coﬁmented‘that b-iﬁ

~

itive prouis
encompass two major categories: processes and—gtrategies.

: . ' Coia : o . )
*He explains that processes refer to cognitive performance, N

such as;’encoding and storing of‘information.,ang strategies \\\
refé} to coﬁtrplling'£he use of these processes. Strategies |
are techniques or rules vﬁich facilitatevthe acquisition,
integration, storage, and retrievql of information in all
sitUafions and settings. They can beé narrow ahd'situation
'specific or as broad and generélizéé'as a.cognitive styie

0y

(Alley & Deshler, 1979; Kirby, 1984). |

!

.Lawsbp's notion of‘executive prdcessesAincludés bqth
strategy contfo} aﬂd a;tual task performance,‘dhereaé Kirby
.indicates the'diffieultyvin ﬁaking the disfinction bétveeﬁ
strategy control and the executive process of tgsk

performance,
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' \
Strategies. have process aspects, and vice vers
Furthermore, when the cognitive system begins
perform a realistic task. the distinction is

maiptain, (Kirhy. 1984.\p. 5) ‘

vl Kirby (1984) advanced his discussion of autouaticity
. \
which separates strategies 1nto vell-established and N
to-befconstructed-ones. His idea ?greqs with prson s
(1984) belief that not all execdti@e prdgesseé are

) \ M/‘/ N A

.conscious, controlled processes. Many executive operations
are automatical}y expressed andathgrefore are not cqnscipus’\ﬁmj
or reportable:

The skilled ptocessor of information may show iittle
evidence of executive procéssing simply because he
or she is an ekxpert at a given task. The novice
~may, on the other hand, be overtly executive on the

same task because the task is new and the .novice's

processing requires more careful planning, analy51s,

and modification than that of the expert. (p. 92) .
Lawson (1984) alsq‘believed that the application of
efficient strategieé does not guarantee success because the
outcome of task berformance does depend on the individual's
knowledge base and experiences.

\ It has been suggested that dhildren with learning:
problems suffer either structural or production deficiency.
Flavell (1970) explained that medintional/structural .  ‘
.deficiency referred to a learner'a inability to'employ a
potential mediator/strategy even when he/she was
specifically instructed té do so;'production dé(iciency

meant failure to use a strategy, though this could be
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remediated by adequate training. A mediational deficiency
- is found when a learner is trained to employ the required

strategy, but this does not mediate performence. Production

deficiency is related to inadequate use of controlkprocelsec
but can be remedied by appropriate strategy'training;\ Botn
kifds of deficiencies aqs described as structural and

process deficits, respectively (Gerber, 1983)

£

There are general and specific factors whicn affect
‘a-learner's,us;'of strategies. Specific factors refer?to‘
the efficiency and sophistication ofiysing a‘given g%rategy.
and general factorsvrefer to the learner;s'ability or
intention to plan performance in advance. The'planning
sspect found in .the general factor is relevant to the
effective performance of all mediational activities instead
of relating to any one particular’activity.. The sensitivity
of knowing when a situation ca%}s for voluntary .and
intentional efforts as well as knowing the influence of
‘spec1f1c acts on task performance depend on the variables of
individualp task demandl'and stretegy (Flsvell 31970 1978).
Further research is required for exploring vﬁet and how the
quality‘of task performance, particulerly found among the
individuals with learning problems, would»be influenced by

the dxecutive processes of cognitive strategies.



Cogn v erformance between D,s and non-L.D.s

Narrowly but clearly-defined target populations,
especially on descriptions of subjects with specific

learning problems, are important before proceeding to any

/_.,,—-uw-..__\w

\-_.‘_ -
scientific exanination. Various definitions of learning

)

dissbility hswe been put forth. Some theordata focus on

\

educatidnal fad{:rs. others stress perceptu 1-motor factors.

while still oth

Deutsch, .Morency. Strother & Wepman, 1975; Hagin, Beecher &

Silver, 1982 Haring & Bsteman. 1977). Whateveg, the
relationship between learning disabilities and o
psychophysiologic&l aspects‘on information processing
‘deficiencies.-academic deficit and‘presumed average
intelligence are ¢ommon conponents in all of these
definitlons.‘ ‘

There are numerous definitions of learning
dissbilities. This section will attempt to summarize theSe
and will highlight some. of the most commonly accepted
criteri;. Learning disability is menifested/by significant
difficulties in the acquisition and use of thinking,
listening. speaking. reading, vriting. or mathenaticsl
abilities. Students with learning problems manifest an
educationally signiffcant discrepancy between their

estimated intellectusl potential and actué 4

evel of

performance relsted to deficits in the l¢a ning processes‘

o <

s follow a clinical approach (Cruickahank.

13
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_(Hammill, 1981). The National Advisory Committes on
Handicapped Children (1968) proposed that learning
diaability may not be attributed to a visusl, hesring or
motor handicap, mental retardation, emotional disturbance,
environmentsl, cultural or economic disadvantage, Common
charquefistics 6f the learning disabled population, lﬂch;ll
reading problenms, languaée difficulties, behavioral
p roblems, process disorders, and visual motor difficultiel.'
can be categorized as different areps of disorder: motor .
"activity, emotion, perception, q}ﬁ%olizaiion. ;tt;ntion. and
memory. : - } o~

Algozzine and Ysseldykg'(l983) in their critiques
relating to definitional diversity of learning disabilities
suggested that most definitions of learning disabilities
describe a population with a severe discrepancy between
achievement and intellectual ability in various areas. The
extent or severity of the low achie?bmedt, however, is often
not clearly specified. They suggested ;hatE

B the current reliance on unspecified degrees of

discrepancy between ability and achievement is .

deceiving and may be ill-founded as a basis for

a separate category of children to receive

_special education services. In fact, there may

be an equally large number of children exhibiting

similar degrees of school achievemeant not

commensurate with their measured ability who are

‘not categorized and therefore &are wot recéiving

special education services even though- they are

eligible for them undey'the current conceptual
scheme represented by the category of learning "

—

disabilities.. (p. 246) : ~-

RIS
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- They arghed'that various assessing instruments attempt to

-

" make learning disabilities more sophisticated and that.

I

...Athis oversophistication has spilled into the '
' decision-msking process is obvious when: . '
~practitioners must rely on beta weights, | .
" estimated true scores, asymmetrical confidence
“intervals, and/or mile long regression equations
“to determine ‘who is learning disabled (p. 246)

‘These statistical scores only predict-educationalmplacement;

&
with slightly better than chance accuracy. They’advbcated
A -

: the need for a new pd&spective on assessment and

‘\

'1ntervent1on. Both researchers also (1983) suggested that
’fassessment must begin with 1mplement1ng
instruct10na1/behav1oral 1ntervent10ns as well as change

from referral to placement to referral to 1ntervent10n. "

\ 5 -

_There are heterogeneous subgroups of learning d1sab111t1es

:1n which mathematical learning disab111ty w111 spec1f1ca11y

be-empha51zed,1n the follow1ng presentation. ‘ o -

In line with the spzcific population under.

4 3
"exam1nat10h w1th1n the present ‘study, this section w111

”shift to. ‘a d%scu531on of mathematical learning disability.
';‘Mathematically 1earn1ng disabled students aré described as

:‘lacking specific ability to perform vritten or: mental

»

5 calculations despite average or better intelligence.‘
.

‘_adequate motivation and ap%ropriate educational
'.opportunities. Hendgrson and Pingry (1953) suggested three

«
major processes through which an ind1v1dua1 defines a

' mathematics problem.. , B BT

15



1. The 1ndiv1dual has a clearly defined goel of Led
) Eﬂl
’l .
which he/she is consciouslg avare.

"3

2., Fixed patterns of behavior or habitual reeponees
‘are not sufficient for removing hinir%nce toward. the goal.

3.‘ Deliberation t;bes place.- The lndividual
becomes aware of the problem. defines it more or less
clearly,lidentifies various posj;ble hYpotheses/solutions.
and tests them;for fea51b1lity.

" Polya (1957) developed four phases for mathematical

problem solv1ng.

1. understandlng the problem

-9 oevising a plan

3. carrying'out’the plan,‘and
4, looking. back . \ T, ) . .
His'model prov1des some gu1delines for‘organizing

instruction but it does not specify the cognitive pfocesses

.involved in mathematical problem solv1ng. Each phase of.

mathemat1ca1 problem solving requlres deliberate and
systematic mental activities.‘ Soviet researchers have

described mathemat1cal problem solving as requiring an

~applicationvdf the,enalytic-synthetic method (Kelmykoya.

1975 Bogolyulov, 1972} Mikhal'skii, 1975; Shchedrovitskii,

1972).  This is in agreement with Polye's (1957) idea that .

analysis‘requires invention while devising a plan; wheresas

_synthesis allows execution of the plan. o “



Lester (1980) introduced 4 major factors which
"influence the success of mathemat}cal\problem solving:

1. the problems, . ' /ﬁ
. - s

2, the problem solver, _j' ’ G
C 3, the‘problem selving process,\and‘

4, the problem solving environment.

N

They are sim11ar ‘to Flavell's (1979) notlon of task demands

Y

(the problem). person var1ab1e (the problem so}ver)u and

kcognitive strategiee (the probiem solving process). Lester B \;

(1980) however did not explain how the four fectors interact
during the course of probiem solving. A more in-depth
discussion ofithe inrereetionsvamong‘person.task, and
"Etretegw niil-be;presented‘in thellast section of this
chapter. | S : :' - - °
Students with learning problems ‘in mathematics are
feometimes labelled as dyecalcbiic,vand dyscalculie itself
does not seem to be‘well—defined (Aus;in}E1980; Ceci.&
Peters, 1980; Cohn, 1968; Levy, 1979). ' Kocs (1974) defined

dyscalculia as:
~a structural disorder of those parts of the brain
that are the direct anatomico-physiological
substrate or the maturation of the mathematical .
~abilities adequate to age, vithout a simultaneous’ s
‘disorder of general mental functions. (p. 165) B

» . . : N



Johnegn (l§79)'argued'that‘neuro-phyaiological
problems should be excluded in defining'nathematical
‘learning disability.- These problems must be dealt with

se: ately prior to any assault on a specific type of

matﬂtmatical learning disability because'

if an individual is incapable of seeing, hearing.
feeling, handling, moving or- any ‘other purely
physical function necessary for being involved in
arithmetic learning, ... the problem is one of ,
inability to receive or become involved in necessary

~.learning experiences, and therefore is a matter of
lack of physiological integrity which must be
resolved. (p. 33) -

He further suggested thqﬂ‘certain categories,‘such as
retarded, economically deprived, and the emotionally &
disturbed, should be excluded due to the fact that:

they involve either -some inability of the child to

ever profit from normal classroom arithmetic

performance, such as the retarded .individual who
needs spec1al goals as well as methods; ¢r they
represent those. who simply have never had the
opportunity to experience learning in a :
typical situation. Both represent peculiar and oY
significant problems, but neither are learning
disabilities. (p. 36) _‘ -

This study defines the mathematically learning
nisabled asvlearners vhose nathenatice perfarmance is two
years or.more behind in resg&gf to chronological ‘age and
grade equivalent despite having at least fourth grade or
abdue reading.level.7an average I.Q. of 95 or above,
adequate motivation ‘and appropriate educational

‘ : - ' :
opportunities with no emotional, neurophysiological,

. W
psychologifal, and mental retardation problems:

18



There are seieral prevalent problems,found in the .
'mathematically 1earning disabled as outlined by various
‘writers._including performing erithmetic operations.

deciding the process for problem solving, %isual or auditory

1

figure-ground relationships, expressive and/receptive'

~

language, sequencing, sﬁort- and/or . 1ong term memory. On

the other hand, many of them may show extraordlnary auditory

| ' ¥
_‘abllities and .may even excel in reading and score hlgher oﬁ
' )

verbal than on non- verbal parts of standardlzed tests

(Bartell. 975; Bley & Thornton. 1981: DeRuiter, 1982
f A .

Johnson & Myklebust, 1967; McEntire, 1981; Reisman &
Kauﬁfman.‘1980).‘ This lends support to Jansky's (1965)

argument that: L ’ S , | N
ofie cannot isolate-one single factor as belng the °
< sole determlnant in arlthmetlc dlsablllprs. gb
(p. 257) v

‘ The or1g1ns of mathematical def1c1t are still

uncertam.s Hammlll and Bartell ('1974) belleved that

students with mathematlcal def1c1t experience d1ffieu1ties

in abstract or symbolic thinking, initerns of the”ability to

conceptuelize'fhe relationship between'numerals and objects’, -

the relationships between units of measurement,-and the

L L Y L ' ’ ! °
- structure of the number system, They also suggested that.
'ineffective“instruction may be'-at times shown in students .
who have better performance in arithmetic concepts than in

!

I
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the skills acquired from specific inst!uction. such as
/

understanding the concepts of - doing four basic mathematieal

operations but making consistent errors in carrying vhile_

doing division. Some mejor influential factors of

L)

lmathematical deficit are related to deficiencies in reading
or the use of mathematical language (verbal or graphic).
performance errors, in relating to the products or final

=
ansvers, and anxiety. as well as cognitive develdpmental

1

differences in assoc1at1ng with the process of knowledge

acquisition and applitation $Conn, 1961; Critchley, 1970;

°
4

McEntire, 1981).
| -‘Developmental studies have demonstrated‘age
,-‘differences inlaspects‘of cognition; ‘Age-related '

e_performance differences have been thoroughly’studied %nl
memory tasks. Younger cnildren are usually found to be
1nfer10r in memory performance than the older ind1v1duals.
ﬂﬁus has been discussed as due to the fact that younger
children have 1ess knowledge and experience ‘of strategies
available and applicable for meeting various task demands.
: .They'usually learn and recall things incidentally but seldom
carry out retrieval activities deliberately, such as verbal
rehearsal. The semantic or conceptuel systems of older

individuals are more advanced developmentally in content and .

structure which allows them to store, retain, and retrieve
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inputs Better than ydunger ones (Flavell & Wellman, 1977).
An earlier study conducted by Ornstein. Naus, and uiberty

w(1975) indicated that- younger children ehow a stronger

' .recency effect in free recall Pf 18 words than older

children do. The executive process of rehearsal becomes an -

:qdmportant factor which influences their performance.

roducing such age -related differences.

. Flavell and.Wellman_(1977),suggested that children
wifl search‘the "internal and external world" in response to
another's retrieval direction at a very young age. 'fw‘

A growing‘child will become.more‘skillful in-

Hretrieving. planning,‘and integrating knowledge and
strategies as well as being more attuned to internal
"mnemonic sensations". This is evidenced by their growing
ability to%monitor and 1nterpret concrete experiences.}
Brown (1978) indicated that cognitiye strategies are
.characterized as efficient thinking which involves
predicting, checking, monitoring{“reality testing and
coordination. and controi'ofvdeliberate attempts to solve

"problems: Meichenbaum (1977), in his explanation of
cognitive structure, referred to it as the organizing aspect
of thinking that controls strategic thoughts and behaviors.

He also suggested that it is the executive processor which

determines when to interrupt, change, or continue thought..

21



Vygo;sky's (1978) thesis of cognitive development |,

PR
R e

stressed two dimensions of intellectual

?ﬁhctiohing:‘tho

. actual and potential devélopmeﬁtal levels, His concept of

.

the zone of pfoximal deyelopnént analyzes the relationship
‘betweenilearning aﬂd development{ Ad%ual developmental
level ihdiqates ; child's mental functioning level that has
been established as a résult of gertgin already cOmpletea

developmental -cycles. Zone Jf proximal development is:
the distance between the actual developmental level
as determined by independent problem solving and the
level of potential development as determiged by
independent problem solving under adult guidance or
in collaboration with mare capable peers. - '
(Vygotsky, 1978, p. 85) - .

~

Vygotsky (1978) suggested that:

memory rather than abstract thought is the
definitive characteristic of the early stages of
cognitive development. However, in the course of,
developmnent a transformation occurs, especially in
adolescence... For the young child, to think means
to recall; but for the adolescent, to recall means
to think., Her memory is so "logicalized" that
remembering is reduced to establishing and finding
logical relations; recognizing consists in
discovering that element which the task indicates
has to be found. (p. 51) '

.

Developmental differences are not the soie
determihant of éoal—directed task &chievémentl This is
illustrated in Chi's (1978)'fihding that 10;year-old’experts
in chess performed better than gdulf‘hovicea;{.Cumular‘”e
.1eérning'throdgh real-life experience§ aétivate an
'ﬁndividual's intellectual devgloﬁmeq; (Gold, 1978; S. =" s,

Richards & Von Glassérféld. 1979). Learning experienues ara

\ X . N
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those which provide for the learner opportunities o e

+

spontaneous growth through reducing the tendency to use a

currentlyuinadequate executive strategy, and those which are};

the basis for instruction, vhere theolearner's thoughts are
directed by aomeone vho already knows a higher level
strategy (Case, 1978) !

| Soviet studies provide some insights into how one
might ana}yze Spec1a1 students' mental processes while
solving some mathematical word problems. vThe special

learners in these studies were not well-defined, but were

usually described as mentally retarded students with‘brain

‘damage and were found in the "auxilliary schools"

‘Mikhal'skii (1975)Aanalyzed some common difficulties

encountered by these students, such as, difficulties/ in
‘choosing needed information and extracting'the essential

question in the problem from the given conditions. It is

intereSting to find out that these students followed a

habitual pattern while solving the mathematics problems' for

example. selecting numerical data, correctlf/or incorrectly,

~

'from pieces of the conditiéns given; or fr m individual

‘vords acoording to a formal feature. but not according to

content' proceeding to solution by means of following the

' .

individual parts of the condltions, almost unrelated to the



questions; hurrying to arrive at solutions according to a
rote arithmetical operation without suffiiient understanding
of thé mean;ng’of the question and/or the cénditiona of”;he
problem presented. Seiecting a b;ief descriptive analysis
from Soviet studies will provide some basic understanding of
;hg.seventh g}aders' mathematical'perfofmance:

Katya B., having read problem 1 once, began to
whisper something, continually moving her pencil
along the lines of text, pretending she was thinking
studiously, but for a long time did not move. '
Finally, she selected numbers for the first part
of the conditions: "There are 10m of silk and
5m of satin. 5m more expensive than satin ...."
From this data she incorrectly determined the
numerical data for the second half of the conditions
("A meter of silk is more expensive than a meter of
satin”"): "10 minus 5 is 5. 5m more expensive,
Havipg made up only two numbers, 'both unnecessary
for solving the problem, the pupil began solving:
the problem". (Mikhal'skii, 1975, p. 48)

- f
ward problems with surplus elements are usually

}onger in length and more complex in'sentence s;ructure.
Studies show that syntactic com%lexity. including both
sentence length and struckure, has no negative‘éffecg of
task performénéé;(Coodstein: 1971 Muth,’1984). Most common
errors occur when students use their "number cruﬁching
routines” to prodﬁ;e an answver, sensible»or(not. _They ﬁay

\]

be overvhelmed when confronted with too much or not enough

informaton provided. The main difficulty involves selecting

and ofganizing»the information needed to solve the problems.

24



Mikhal'skii (1975) comments that if alléarner does not dwell

long enough on the conscious mastery of fhevconditions in

solving the mathematics problems, he/she adapts to a .

habituql pattern fdr problem resolution without analyzing or
understanding the. conditions gnd Qﬁestions presented.
Arguments can be forwvarded that both normal and

k"

special students may-encounter similar difficulties in

solving nonroutine/nontextbook mathematics word problems butf

their processes ofsfxeeuting‘coguitive strategies may
* influence thé.qqaliéy of;task'performance.' 

Many disaﬁledgiugtﬁmrs appear less active. planful,‘
and organized in task performance than average achieving
students. Torgesen ahd $ilver (1979) believed that disabled
lgarners'do not utilize thggigme'tbgn1tive strategies in

task performance as the normals. This may be due to the
vy
fact that they have less 'knowledge of memory strategles.,

3 &

Reitman (1970) argued that:

- What is measured is not memory processes per se,
but the subjects' ability to hdapt sufficiently to
the depands of a task by developing effective
strategies to deal vith it. (p. &79) - .

“Tqrgesen and Licht (1983) suggested that:

research in the USSR has shown that both L.D.
and mentally retarded children do not
spontaneously supply their own organization

or structure to many tasks to the same extent
as normal learners. This has been demonstrated
’ not only on memory tasks, but also on tasks
requiring complex visual analysis and others.
requiring the formation of verbal

K:EZ%EE; instructions.  (p: 8)° )
> , ? .

-
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Wong (1982) explained that dioabled learners use a

itive" organizational strategy and lack netocognitive
s, .Thishio due majply to their lack of awareness of
deliberate cont;ol of task appropriate strategies. ;
DA simiiar conclusion vas alfo drawn in Owings, Peterson,
Bransford, Monris, and Stein's (1980) rosenrch on reoding
performance becveen good and disabled rladers. ‘The disabled
readersf failure"éo process tent as actively and

°

strategicslly as good feaders appears due to the fact that

they do not spontaneously monitor their learning strategies.,

. . £
It can be argued that the dipahled learners are not

consciously aware of what, how, and when to apply strategies

effic1ent1y and flexibly in various sicuatlons. Wiens

(1983) noticed that learning disabled adolescents learn to

be passive and do not expect to make things happen for

t

themselves.

Learnlng disabled adolescents experience -

~

d1ff1cu1ties/weaknesses in cognitive processes of attention.-\

concept formation, memorys as well as in verbal and
nonverbal thinking, reasoning, and organizational skills.
Differences between average,acnievers and learning disabled
in styles of thinking and problem solving h%ve been studied
in the reflective and impulsive cognitive'st les. Cognitive
styles refer to the typical and consistent ways thac A

individuals select and organize environmental dats.

Learning disabled individuals are characteristically and "

~

26
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bchavioraily impulsive. They are diffefent from the

reflective learners who are able to delay responding while
conoidering and evaluating solution slternatives as vell as
using more effective strategies for problenm oolvigg. Thefr
delay response is strategic in that it'is eff;cient and
carqfuli} -anaged~(Cu111nan.‘Epntein & Silver, 1977; Digate,
Eplfein, Cullinan & Swifzky; 1978; Gerber, 1983; Hallahan &
Reeve, 1980; Kagan, 1965; Keogh, 1973; Meichenbaum, 1977).

Keogh (1973) has cautioned that cognitive styles

only present a specific pattern and orgahization of ! ’
cognitife controls; motivatio;, preference, task demands,
sex differences, setting, and 1nst;uctibnal programs also
contribute to the individual differences in cognitive
styles. She comments that some léarners'may not be strategy
deficient but rather strategically 1n£1gxib1e'due to the
fact that they may overlearn cértaiﬁ‘pfeferred strategies.
The most common description# of inactive‘or
disbtganized cognitive prdceésing cannot expiaih indiviLual
differences within the heterogeneous learning disabled
population. Lear&ing disabled indiyiduals are not
| ineffici;nt in all types of learnfﬁé situations. Ther; is
evidenceyfo support the contention that learning diquled
individuals who do not use ¥ppropriate strategies are

\ ) o
equivalent to the average or above-achievers in .



knowledge/akilia required for task performance (Shepherd,
Fieiachner & Getﬁinﬁer.'i979; Torgelen.‘Murphy & Ivey,
}'1979). Th; interaction anengindividual. task, and
environmental characterietica needs to be considered wvhile
explaining apecific types of deficits, such as poor
attention. ybich may be found in both non-learning disabled
and learning disabled individuals. Torgesen (1983)
cemmhnted that learning disabled students may process
'informaﬁidn~as actinely as non-learhing disabled.kbut they
either process diffefent information (as when off task’ or
they ma} employ less adaptable, but still active etrategiea.
Wong (1982) argued that the learning disabled do not differ
substantially in modes of organized strategies from
non-learning disabled, altheugh their organized at}ategies
may be less efficient. It was presented earlier in this
section . that many studies have concluded‘tnat the,?isabled
learnefe would not orgahize or plan the same cognitive
etrategies and wouid experience failure tb process
information &uring‘task perfefmance as actineiy and -
strategiceily as the average acnieving students.
Furthermore; Hallahan, Hall, Ianna, Kneedler, Lloyd, Loper,’
and Reeve (1983)’be1ieved that the learning disabled wvere
strategy‘defieien;. “They also agreed with Torgesen's (1977)
conceptualization of L. D. as inactive learners who failed to
use task -appropriate e&rategies. However, most of theae
studies introduced reading tasks for experimental'purpoaea

¢

n
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-and selected those subJects functioning at nen ary grade

levels.i kn alternate focus of L.D, research'gen\be
‘su;gested to e;plore whether the learning disabled ¥
:individuals plan and utilize cognitive strategies during
task performance similar to the average achieving
.youngsters,'vith the exception of qualitative differences.

7

¢j>-y': Lawson (1984) gave an illustration of qualitative
d fferences between experts and noVices in employing

strategies for mathematical task performance. The‘termf

yE

experts' could meatt’ average achievers whereas "novices" s

could be construed as mathematical 1earn1ng disabled for B

purposes of the following discuSSidn. He: suggested that the

20

experts enJoyed a numberlof cognitive advantaggss They have »

 superior knowledge of mathematical’content. For”example;‘if
a problem requ1res knouledge of concepts A, B C and D, the
expert will know more abouﬁ each of these concepts, about
;hou they are interrerated and about how hey relate to‘l
other concepts,‘than will the L.D. A'similar notion was
suppqgted by Paris and Myer s (1981)" study of good and poor

;readers. Poor readers were less aware of effective

strategies ‘as well as" being lesa effective in their

5.‘

”monitoring actiVities during readfng.

W '
Lawson (198&) haifsuggested that the exg;rts have

ategies for storing, organrzing. and
AN

: retrieving infornation.‘ It brings up again the’ fotion of.
L L) s :
automatiCity which explains the difference between



o

,haVe been made that-

\"well-established" and "to—be-constructed strategies"

‘disqussed by Kirby (1984) and Lawson (1984) Suggestiona

[}

an expert is likely to run off the problem solving
procedure at a rapid rate, perhaps by employing a
well-establshed algorithm that he or she knows to be
~ applicable for this task. So after an initial
- analysis of the problem type, the expert will access
the appropriate content and algorithm and generate

O » the solution. A minimum degree of executive control

" novice may exhibit a much greater quantity of
planning, analyzing, monitoring, and modifying

- activities and still not achieve success.

~ (Lavson, 1984, p.'96)

. is needed if this occurs. By way of contrast, ti

Simon and Simonfs (1978)mresearch of experts and novices

solving problenms of'physics provided evidénce that novices

have greatet frequency of check1ng and modifying behav1ors.

An expert may show 11ttle 51gn of strategy control or

the task performance automatically.
It can be argued that the mathematically learning

disabled lack eff1c1ency in satisfylng one or more of the

1'defin1ng criteria of mathematics problem solv1ng described

' ~ by Henderson with Pingry (1953) and Polya (1957) as

4

~presenued earlier in + .s section. Some examples of these

criteria are related to goal- setting, limitation of habitual

pattern of responses, and sensitivity to the problem. They

‘may have similar knowiedge and strategies required f8r task

i N
performance as the normals, but the cognltivewstrategies

they applya‘1neff1c1ent, 1neffect1ve, or inflexible

,exeCution, 51nce their well-established strategies flow with

. e
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(Shepherd, Fleischner & Gettinger, 1979; Gerber,.1983).

¢

A co n'tire view of-atrategies and task performance

The nterrelationahip betveen processes and
conceptual knowledge as vell as their importance to problem

solying are ahown‘in some research 4£indings (Mayer, 1975;p,

‘Webb, 1979).

Flavell (1979) explained that knowledge means'»/ﬁ “
knowing what . factors or variables act and 1nteract
‘in what ways to ®nfluence the cognitive processes
and outcomes. , (p. 907)

He furtheroexplained‘that'experience_referS‘to any

conscious. cognitive or affective experience which

stimulates an individualls thoughts and activates the

'1nd1cate the obJectives of a cognitive enterprise, whereas

strﬁtegies deal with the most effective means employed to

achieVe themn. ' :
\ ‘ 'L_

Gagné (1983) presented three phases in solv1ng

mathematics word problems. The first phase requires the‘

learners to have a certain amount of language competence in

i
order to translate the problem stamements ‘into. mathematical‘
é .

expressions. @I‘hey als&ay recall previous knowledge that
- 1s organized into a variety‘of_schemata. ‘Beyond this is’ the‘

learners'-skill in identifying appropriate mathematical -

™~ ’ I
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operations, such as adding or multiplying. However.

planning procedures and the application of mathematical

rules are equally significant. "The third phase allows'thevi

"learners to validate & solution by means of carrying out the:

S
S

‘rules and schemata. The terms "rules" and "schematad are
interpreted as_knowledge and strategies oeing applied during
the process of’taék perfornance;.vhich'isuthe majorfemphasis
of this study, Lo o \

Senf's (1971) 1nformat10n integration approach
explains hon the 1nd1v1duals selectively attend to unit’s of

‘information which are 1ntegrated ‘through their 1nformat10n

array"., It is the individuals' intérnal environmentsuch as

L

- their store of memories and mental reactions to the incoming

information which influences their actions or behaviors.
e )

The theoret1ca1 model conceptualizes 'ning disabilities
as 1nv01v1ng functional ?rregularities 1n the

b9
1nformation proce551ng and iﬁformation 1ntegrat1ng systems.

-

, Some maJoﬂDcategories of spe01fic learning disabilities are
onsidered in Senf's theory, such as disabilities arising
from the failure‘to produce or to receive proper information
on. the array, and disabilities arising from task irrelevant
content occupying the information array, ' The theoretical
odelpaccounts for how an individual acts on the information

by a551m11at1ng it to his/her past cognitive experiential

repertorre-and by referring to the auditory teedbatk from

N )
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.his/her own vocalization and‘thought processes‘evoked by the
infotmetion. | | | ‘

Solving erithmeticﬂproblens. like eny.other‘thought‘
process, is an analjtic;ﬁynthetic process which requiree an
individual to isolate patts of elements as welllms"v R
-1ntegrete/reformoldte relevant information. An analytic
procees requiree'Seafching for d solution that involves
breaking down a problem in relation to its known and unknown
data. Synthesis is the process of re- establishing the
connection/relationship between the . analyzed and the known
data (Bogolyubov, 1972; Kalmykova, 1975; Polya.'1957). |

| Thinking and sttategies control are the chief
‘determinants«for.orchestrating analytic-synthétic-processes
_during problem solv1ng._‘Sternherg (1985) discussed the
differences between automatic proce551ng and controlled
vproceases;y Their ma jor d1fferences can best be explained in
‘ thie way: automatic proce551ng requ1res.lower order-‘l
nonexecntive processing more closely associated w1th
information retrieved from long—tern memory, and controlled
nrocessing requires higher"ordennexecntive processing |
involving conscious thinking and planning (Pressley, 1985
Sternberg. 1985)." Huggins (1977) stressed that problemlﬁ
solving demanded productive thinking that called upon an

A

\individual to select and organize‘his knowledge for //

‘generating potential solutions;-'deyley (1985) . sted

| that ‘thinking and providing,opportunitieslendm ne wefe

3

™
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essential to mathematics proficiency for‘the'learning
disabled‘whereasdconputational skill‘vsspseen'as‘fundsnental'
‘for application'But should not be an end in itself.;
During the process of problem solving. the individusl may
reconstruct or redefine whst he knows to- fit the structures
of the given situation. ’

"What influence an individual 8 cognitive process has‘
~on the quality of task performance.can best,be explained by
Flavell's (1979) notion othhe dynamic intersctions-among
‘knowledge, experience, goals[tssks; and'strategies. When
f?ﬁrners confront a novel task, itheir existing knowledgev." ’
i concerning the gosl will lead them to recall previous
.experiences from which cognitive strategies are selected,
evaluated, and revised while they arefdoing some reflective'
thinking/planning. The strategies/actﬁons‘trigger
Xadditional experiences which again are guided by significant
knowledge snd provoke further searching for cognigive _ o
strategi@s Iearned/self-generated to see if”fhevpprovide a

v ' ‘

means to achieve the goal.

On the other hand, productive thinking is a basic )

-

channel that leads to the process of searching for cognitive'
strategies. Flave11'(1979):exp1ained that difficulties
mightube'encountered during'the searcning pnocess but |
previous cognitive knowledge and experiences would continue

to mctivate the reconstruction and reassessment of cﬁgnitive

Strategies. Productive thinking slso results in an attempt ¥

e



to discover various strategies that can be used in selecting

and evaluating alternatives\to achieve a solution.
vBorkowsk%'(l985) suggested‘that-strategy trsnsfer required
making a decision upon applying or edapting previonsly'
leafned sirategies‘for present task demands. To expand
Borkowski' s (1985) idea requires fnrthe:}illustration of the
differences among declaratiye knowledge (on knowing what),
kprocedural knowledge (on knowing how), and conditional
knouledge (on knowlng when and why) to apply approprlate
strategies for vqrious tasks and situatlons (Paris, Cross,
}DeBrltto. Jacobs. Oka & Saarnlo, 1984) It is be11eved that
the executlve process of strategles control’ 1nf1uences
‘cognltlve search which can be expressed at dlfferent levels
of.efficiency and flexlbllity’and of proflcxency and
consistenoy (Cawley, .1985; Blankenship; 1985).

| “The preced1ng suggests that an individual's qua11ty
of task performance is most Ilkely 1nf1uenced by knowledge,
._experlence, and strategies.“Produc;ixe-thlnking and”’

strategies control deliberately‘orchestrate the

analytic-synthetic process_dufing problem‘solning.”
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Descriptive case studx'apgroach"

A process-oriented but in-depth understanding of

individyal differences in strategy-monitoring might best be

undertaken_By the descriptiJe case study technique.

Descriptive case study method here refers to investigating

an individual or group of individuals in the absence of

)

experimental contr018. It is the naturalistic and

uncontrolled characteristics which make the case study

method a unique source of information that, complements

experimental research (Kazdin, 1980). Wolpert (1981)

k4

suggested that the case study approach allowed the

" researchers:

to uncover not merely the apparent, surface-type
phenomena characteribtic of the subject, bit also
the deeper knowledge, skills, values, beliefs and
the interrelationships among these factors within
the subject. The researchers are seeking answers
to how and why questions in addition to determining
what and when informatiqn. (p. 112)

On the other hand, the case study approach is

'criticized for'its.inheren;‘subjectivity and the limited

~

extent of generalizations that can‘be made from very few

subjects. Its subjectiv1ty is apparent in the researcher's

- predispositions of deciding which behaviors are observed and

'which_ignoreq; 885 yell as- the method of interpreting ‘the

datau :

36



Allport (1961) advocated the application of the

idiographic appfoach wvhich allows an intensive studyﬁqf the

individual, as . in the éasé study method. It serves és a
suﬁplement to use the nomothetic approach to study groups of
. subjects. Although the case study approach has its

, . . ’ ' .
limitations in providing generalizations, it is-a useful

tool for developing a model or paradigm as well as testable

.hypotheses.
'‘Gottlieb and Strichart (1981) suggested that a
useful way to conduct research was to establish a

progression from descriptive to correlational to

»

experiméntal réseafch. They advocated that de;criﬁtive
,resear;h provides clues for further study as well as for
ﬁestiﬁé the validity of commoﬁly held assumptions regarding
the education ofrdiéabled learners: | |

Descriptive research may be equally informative
in the field of learning disabilities. Good
descriptive data are neé&ded on the classroom
behaviors of learhing di'sabled children, ...

‘the specific type of acddemic behaviors displayed
by children that result in their being referred
for categorization as learning disabled rather

“than reading d}sahled. and so forth.- (p. 139)

Brandt (1972) commented that:

without sufficient descriptive information,
the wrong problems are selected for study,
inappropriate hypotheses are tested, and
erroneous inferences are made. (p. 15)

v
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The case study approech"presents some crucial merits.

Its depth and intensive probing characteristics allow tpe
researcher to develop insight into various aspects of human
thoughts and behaviors in addition to exemining why an

individual behaves as He does (Wolpert. 1981) |

S

On the other hand, discrete categories are also
applied for this research. The technique of,discrete'
categorization is used for evaluating behaviors that have a
clear beé&nning and end as well as &8 constant,duration. It
iéidifferent from a frequency measure in that discrete
categorizatlon requires listing a number of behav1brs and
checking off whether they were performed. There is only a
limMited number of chances to perform the specific behaviors.
A freéquency measure. focuses on the number of times that a
particular behavior may occur and'the performances are
tellied (Kazin, 1981). biscrete categories have been used
ito asséss‘behaviors in many studies. Neefrprata.‘and Page -
\(1978i appiied a cHeckidst to evaluate the effect of

tralning the mentally retarded and physically handicapped

3
youngsters to ride the' bus. Different behaviors related to
finding the bus, boarding it, and leaving it were included

and classified as performed correctly or incorrectly.

¢



'ize, executive procegaes and cogpitive
strategies are suggested as the most-essengial yariables to
utilize for exploriﬁg the qualitative differences in task
performance between the normals and the nathgpatical
zlearning disabled.

A diversity of dbproachep have been suggested in
defining learning disability. A similar phenqmenén is also
found in diécussing the criteria for studying the
characteristics and origins of‘mathematical‘learning
disability.‘ Arguments are confounded phr;icularly by the’

~

controversies of structural and produgtion defteiencies.
i v f . '\\ ~—

Differences in cognitive developﬁént betwégf older
and younger children include of quaiitative differenéés on
~memory tasks. Younger childrén do not always intend to
carry out retrieval activities. Infﬁrmation is usually
processéd superficially and is rétained briefly. The
cognitive structure of older children is more advanced
developmentally; this influences them to process more
in-depth information, . perhaps semantically, ahd is thus
rétained for longer periodé"bf time. Many researchers find -
that children with learning problems develop slower than the
no;mals in fhe use of memory strategies, suéh as verbal

rehearsal. However, it is suspected that qualitafive (

. . differences on task performance would be more likely
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influenced by 1ndiv1dua1 differences in knowledge,
experiences. and etretegiee available. although the

‘possiblity of developmental differencee is not excluded.
o )

Leerning dieebled individuals are usually coneidered

‘as inactive, inflexible, und inefficient in task

, e
performancJ\ Reseerch focus neede to be upon individual

“

differentes in monitoring 'and executing strategies during

/

task performance. The onus is on the'individuals
sensitivity as well as will and desire to perform various
tasks which corregpond to their "intentional and
goal-directed efforts ; whereas strategies employed follow
the behavier of thinking while carrying out the taeks; At
the same time, the individual needs to know vhen4end how
strategies act in what wéys that will faqilita:e goal
achievement. This follows Vygotsky's k1962) notion that it
is conscious and ;elf-reflectivefawareness of the activity:

of the mind which influences the how of one's action.

Limited research has been done on mathematical

learning disability as well as utilizing & mathematical task.

as a means for exploring mental processes during task

performance. Senf's information-integration approacH
X ;
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Arregularities in the information-processing and

R et

‘conceptualizes learning disabilities that invlee'fuﬁcﬁional‘

[}

1nformation-incegration.syatems. §in11ar ideas can be found
from the Soviet ;tudies ﬁn:the‘nentally retarded students'
cdgnitiye,prOCesses wﬁile solving some hathematics word
probl‘Ls. Adapting a habitual pattern for prbblem solving,
such as se{ecting separate or all numerical data given, is
one of their majo} deficits in task‘aé;ievement.’ Solving
arithmetic problenms, particularly word éroﬁiems.:ié an -
analyiic-synthetig’process that requires integrating

elements/parts of information related to the questions
?,1

'presénted. The learning disabled individuals may experience

difficulty in information-integration but the chief re;son )
ma& be more related to their iack of a;aren;ss of deliberate
control of task appropriate stfategies.. They may process‘
inf;rmatioﬁ as»active}ykas noh-learning disabled, but their’
modes of organizing strategies m;y be'iess.efficient.

fhe purpose of this study‘thgn was to explore how
sﬁecific and general strategies vere orchestrated during
task performance, The descriptive case study approach wvas
also utilized and provijed 8 more in-depth revelation o{;_////
some qualitative differences of strategy~monitoring betveen'

L

’thg MoLoDos Bnd NOn-“.L.D.B.

,
' '1E&
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o o CHAPTER 3

RATIONALE, QUESTIONS, DEFINITIONS.
B \ v .
A . ©
Rationale
. Shchedrovitskii (1975) suggested that solving any
cognitive problem is a definite mental process. To
adequately study mental opefationa. enmphasis needs to be
placed updn”both»process- and product-oriented approdches.
This stddy focuses oh the executive processes of cognitive °
. 0 .
strategies while solving mathematical word problems. .
. Goodstein (1981) claimed that the term word problem o

could be used interchgngeably with the term vgrbal problem

as defined by 5 ma Mriteria. He suggested that & verbal

problem must:
*
l., use a natf

al language format to cérﬂmunidate~
quénﬁitative informaton . . \
Q.fﬁprovide ail data or directions for‘agquiring the
data for solving the pfoblem cbr;ectly
3. direct the learner to fespond to the problem by
including a specific queétion' o ’
'b ; 4, .require the 1égrner to comprehehd thé meaning of
~ the problem to provide the correct answver ‘ |

. v
5. provide the opportunity to differentiate process

frbm product in the evaluation of performance

42 P ..
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Aqmeaningful solut1on of verbal problems requlres
the comprehension of the linguistic context as well as
selection of apprOpriate strategies and operation.~ ‘ =
A Computational products of accuracy or 1naccuracy do not
ind;cate an indlvﬂagal 8 mental processes during the task
performance. A focus on verbal problem solving requ1res a
'shlft in emphasis from comp@tatlon to 1nformatuon processing
and dec1s1qn maklng (Goodste1n; 1981) ' ) ..

’ Tt is suggested that strategles represent the |

¥

) operatlon of cogn1t1Ve control processes wh1ch 1nvolve

rd

plann1ng,\ch0051ng,“and mon1tor1g;: Learning disabled
'_‘indiv1duals fatlure to execute task-appropriate strategies
spontaneously in situations of response uncertalnty may bex '

due to thelr weakness in cogn1t1ve flex1b111ty wh1ch does S

[

not allow strategles to be adaptlvely applled fSomev=‘

.—~

‘

‘researchers suggest that executlve cofitrol processes prov1de

an ind1v1dua1 some volitlonal control'over varlous cogn1t1ve_¢l
" routines relzged to.problem solv1ng. Be51des. vhen an '
: . 5. :

iadivxdual confronts a task he/she needs to evaluate the‘ RS

T oF

taak demands and his/her repertoine of strategies before £
,’»
’selecting task- appropriate atrategies. This, requi%Fs

' deliberate retr1eva1 and~ski11fu1 integration of specific

memorles. general knowledge. and cognitive: strategies ‘;:l\'
(Brown, 1978; 'Flavell, 1977, 1979; Flavell, ﬁgledrlcks &

Hoyt, 1970 Torgesen, 1977 Wlens 1983;3?




As indicated in the previous'literature.review;
-.Soviet~5tudies have"pyoduced some insight into methods of
analyziné‘the special studentsfgmental processes while
solving some mathematical . word problems. Mihhal'skii (19755
analyzed the characteristics of the, cogniiive processes of
 some mentally retarded students wvhile they solved some e
:'mathematics word problems. Four categories of word problems

were utilized in their studies

1. ordinary problems, of average difficulty,

4 -

familiar torthe students from classroom instruction
2. problems with insufficient numerical data
‘3. problems with*fuperfluous‘nUmerical data, and

b, problehs without numbers

_Some features of their mathematical problem solving

Mprocesses'were'i ntified. Mostfof them had ne difficulty’

lnar to them from 1nstruction. Difficulties ‘were found

’Fwinhthe other three categories of word problems. Some of
P DA o :
‘~‘them gave all the p0351b1e solutions to the problem even’
o

~though 1nsg£ficient numerical data were found in the 3

question. Superfluous numerical data was not isolated and

they became confused in producing an incorrect solution.

* K

Some of them made up numerical data for problems without

'numbers. They solved the word problems with a habitual
RN i ’ Ca » . . - ;

- . ;s

P
s
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pattern‘of<behavior,'such as selecting numerical data from
separate conditions given without relating them to the L -
questions or striving for an arithmetical operation without
. realizing missing elements in the problems presented. |
It is more meaningful to use different techniques.
for example, analyzing verbal. protocols and error patterns . .
as applied by thekRussian researchers; for examining the
'individualws mental pr&cesses'during-problem resolution. An
approach most commonly .found among the Russian cognitive
studies is to euamine'the'mental'proc%sses accordingnto
gtheir objectiVe content andwstructure which uill indicate
'“fhé solution offparticular problems. _It does not’depend on
the subjective~methods‘of different individuals. This study
utiliiedaa'similar aporoach which alloWs“an analysis of some
cruc1a1 preliminary conditions for: developlng further
research on strategy trainlng and learning transfer.
1 Schoenfeld (1983) strongky advo?ated an analysis of
'strategies executed in solving mathematics problems. ~He
believes that s:rategic decisions have.a major impaction theft
direction*of‘a.iolution and onkthe allocation of one's .

.,;

resourees during the pigblem solving process.
'v - . ’,:‘ A.‘,', 1&

o T N
,
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He suggested that:

there are both objective and subjective components
to the framework for analyzing protocols.

‘The objective part consists of identifying, in the
protocol, the loci of potential managerial.
decisions. The subjective part consists of
characterizing the nature of the decision-making
process at these managerial .decision-points

and describing the impact of |{those decisions .
(or their absence) on the ove all problem-solving

)

process. . :

By definif oh “managerial or strategic action

is jpﬁg'”‘_wgﬁﬁwheneyer a large amount of tactical
resourcel &fe glout’ to be expended. This provides

the basic ideé:for parsing the protocols:

to partition a pfotqcol into macroscopic chunks of
consistent behavior (episodes) .- Then the points ’
between episodes —— at which the direction or
nature of the problem solution changes significantly.
— are the managerial decision-points at which, .
at minimum.,mamagerial action ought to have been
considered (P. 354). - ’

-‘descriptivelgase studyvapproach té’expibfe étrategiés‘
execution and control will hold a hore.significént promise
for researcﬁ in cognitive ﬁfocesseSﬂ _Detailéd'aiscussion of
the case study;appfoqch.QasValready preéeﬁtéd in chapter 2.

Kfutéskii (1976) revealed the flavor of his’research.

s

Sppfoath td‘ekamining mathe?atigglly able qdqlesceﬁts. but
similar rationalevcan\be applied to the.prgsent‘cognitive

research on M.L.D. subjects:
It is hard to understand how theory or practice
can be enriched by, for instance, the peeearch
of Kennedy, vho computed, for 130 mathematically
gifted adolescents, their scores on different )
kinds of tests and studied the correlation ' ;
between them, finding that in some cases it
was significant and in others not. The process
of solution did not interest the investigator.,

1

Ad . h
¢ . : o

N

. v ‘)
This research advocates that the utilization of a ki



-“ @ "./ L \ ) ;

But’ what rich material could be provided by a
. 8tudy of the process of mathematical thinking
" in 130 mathematicslly able adolescents (P 14)1!

\ .Lamon (1972) made Y similar point that:

) Work with snall groups of subjects or even with
one- subject at a time, using qualitative’ methods,
should be conducted for the purpose of penetrating
the nental activity of the subjects and analyziag

' mental processes vhen working exclusively in .
mathematics (Po 8) E . v
The introspective approach was also- app11ed to -

collect concurrent verbalwdata whale the subjects were
performipg the. task individually.,.Reference;was majnly
"selected from Swanson and Watson's (1982) intellectual
assessment mode}‘but both specifiQ~and'general probing
questions were spec1ally de51gned for this study. The
specific probing questions were geared to tap how and by
vhat means the in31v1dua1 subJect vent about solving the

mathematics word problems whereas the general probing

¥ :
questions Vould only ‘be presenteQ‘if the - subJects remained

silent during task performance. /'
‘At the same time, verbal protocols allow an in-depth
‘anaiysis of concurrent cognitive processes. A protocol is a.
description of the activities in vhich a subject engages
‘,vhile-perforuing a task. A coding system of verbal
protocols allowed qualitative anaiyses of sequences.of overt
actionsytaken by'individuals in the process of SOiving
,problems (Ericsson’& Simon, 1980{ hayes. 1981; Schoenfeld;
1983} Svanson,-iéSl)r | » : |



Sy plan in the heart of a man is like deep water,
. but a man of understanding draws it out"
(Proverbs 20:5, 1971).
The goal of this study is to analyze what and how '
specific kinds of strategies are dravn out, during the

executive processes,'which may influence the qnality of task 

perfornance found among the individuals.

LR

Moreover, both non-M.L;D. and M.L. D .seventh graders
were selected for this study due to the fact that there aré-
rﬁaﬂy mathéﬁatics studies selectiné‘hormal séudents ét'junior
high school levels‘but‘very few cognitive*studieé have
chosen adolescents who are learning disabledAin mathematics.
lEmphasis'is"qn the learners' strengths;\what they can do on
their'bw;. 
’ - Two mathgmdtical tasks designed fof this stgd} are
based upon the reférence from Soviet studies as discyssed
,aone. Detailed description of the tasks is giveﬁ in

‘Chapter 4,



Questions to be exglored ,

\

. | . .
1. What and how would the cognitivé strategies

) 1nfiuen¢e the quglitattve differences and aimilariﬁies of

task performance found among the M.L.D. and Non-M.L.D.

subjects? | p ., |
s 2. Would the same cognitive stratégiés be

applicable across the task performance on four different

arithmetical operations and the three major categories of

mathematics problems? ' _ 8 |

L I
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Definitio

1. Executive proceés.refere to cognitive
}erfofmance that involves‘encoding'and decoding, retrieval ~
of information as wvell as‘the execution of cognitive
'etrategies. | | .

| 2, Cognitive strategy is an internally organized
skill that selects and guides the internal processes '
involved in defining and solving novel problems. It servee
as a means totfacilitate'the gofl-directed task performance
actose'situations and settings. S

3. Strategy,monitoring indicetes the process thet
an individual useslin checking and changing cognitive
strategies utilized.

4, Ve:bai protocol is a sobject's verbal
descr1pt1on of . hij/her mental ‘activities engaged during
current task pe;£nrmance.

5. Planning refers to execution and to

'-fogchestration of goal-directed actions based upon task

L}

‘demand, environment (perceptnal inﬁut),‘repertoire of basic
knowledge, and cognitive strategies. |
| 6. Flexibility is defined as knowing how and vhen
~to change or continue the digection of taek-sppropriate
strategies for various problem-solving situations.
7. The mathematicallyulearning disebled are‘

. . '
learners whose mathematics achievemeﬂﬁ?is 2 years or more
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behiﬁd rélative ﬁo chronological age and‘grade equivalent,
despite .the fact that they have at least fourth grade or
above reading levél, an I1.Q. of 95 or above, adequate
;ptivation and appropriate qducatiopalvopportunities with no
eqotional, neurophysiplogical, or psychological problems.

8. Analyti;-synthélic men;al‘processes are defined
éS‘analy;ic prqégssés requiring a search for a solution
wﬁich invélves bfeaking down a problem igﬁo its known and
unknown data, Synthesisvis the process of.re-establishing
thevconnection/relationship between the analyzed and the
known‘data.

9. Inactive behavior exhibits no deliberate

+intention to‘engage in goal-directed task performance.



CHAPTER 4.

METHODOLOGY

Subject selection

Two 12~ to 13~ year—old nethenatically learning
disabled (M.L.D.) and two average echieving (non- M L. D ) 7th
, graders of each sex participated in thia atudy.X«The
ksubjects tame from two junior high schools in the Edmonton
hPublic Sgh001‘System. They were selected from the Cognitive
EducatibnvProject conducted by Dr. R. F, Mulcahy‘agythe
Unlversity of Alberta. Parental permissiens for the
subJects part1c1pation in the study were already obtained
through the Progect, and /students completely both the
.'Canadian Athlevement Test and Canadian Cognitive Abilities
-Test in Januery, 1985. Their assessment results (See Tahle
1) were also utilized for this study based-upon the
follbwing critetia: |

1. ﬁoth typeé of subjeets hae.at least fqprth grade
or above reading level as assessed by the Canadian
" Achievement Test on reaeing vocabulary and reading
comprehension.

[l

2. The methematics‘echievement of the dieabled
subjects was 2 yeers ot more behind reletiQe to
ch;onological age and'grade equivalent, as-assessed by the
Canedian Aéhievemeht Test on mathematics computation as well -

‘'as mathematics concepts and application.:

52
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Tabie-}: B;ckground information of the 4 subjects

.\ |
: Non-M.L.D. M,L.D, -
Subjects 1 2 3 4
M~ /.
Age (years, months) 12.9  13.3  13.1 12.3
C.A,T, , S~ -
Reading (G.E.) 8.2 7 ®10.4% 5.4
'Vocabulary_ ~ (N.S.,mean=5) 6 5 7 4
Reading (G.E.) . 8.3 6.2 6.8 3.7
Comprehension (N.S.,mean=5) 5 5 5 3
- Math- (G.E.) 801 7.7 502 5
Computation (N.S.,mean=5) o 5 3 2
Math. concept (G.E.) 8.7 7.8 6.1 3.5
& Application (N.S.,mean =5) 6 5 4 2
1‘ . » s
CQC.A.T.. N
Verbal (mean=100, Unavail- 107_. . 119 112 .
stanine:mean=5) : 3 able 6 -7 7
Nonverbal (mean=100, Unavail- 111" 103 103
stanine:mean=5) able 6 5 5

53

G.E. = Grade equivalent

N.S. = National stanine

C.A.T, = Canadian Achievement Tests

C.C.A.T. = Canadian Cognitive Abilities Test

Non-M.L.D.:.Subjéct 1 = Male

M.L.D.: Subject 3 =

Male

3

Subject 2 = Female

Subject 4 = Female
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Non-M.L.D. subjects performed at ul}ghtly above their

grade level in mathqmatfcs relative to chronological

age as assessed by the Canadian Achievement Test on the two

subtests mentioned above. : o | a!’

&

3. Both types of subjects had an average i.d;”o! 95

or above, as assessed by the Canadian Cognitive Abilt?%ol
. %

Test on verbal and'non-vérbal batteries.
4, The’subjéc;s' current grades in mathematics, as
réported on their report cards, were also considered. The

-

“two non-M.L.D. subjects' classroom standard in mathematics
vgie B (subject 1) and B+ (subject 2) respectively; whereas
both of the M,L.D. subjects had C- in their report cards.

Teachers and the subjects' health records were

consulted in order to exclude subjects with any'emotional.

N

neurophysiological (including hearing, visuad-motor, and

-

’ ,
communicating functions), or psychological problems. One

the normal subjects (male) traﬂsferred from another province
after ghe Canadian Cognitive Abilities Test was adiinistefed
by the Project. However, a brief interview with his
‘c1285room teacher verifled his academic and intellectual
conpefénﬁé. ‘
-Bgckground information for the four subjects is

i

outlined in Table 1.



Pilot studies

‘Two pilot studdes vere done im February and March,

&

1985'et Caledonia Park School. kTvo'oubjecsg,vere‘lnvolved

i 1n the first pilot, whereas four subjects participated in
R

the .econd pilot study. All of the subjects involved in

both pilot qtudies vere 1nfo mally: ssessed to ‘have learning
é b

y ‘ L4

‘difficulties in mqthcmutics based upon references from their
individual scoool records and results of standardized *
mathematics achievemnt tests .being taken. |

Both pilot sfudies'included 12 mathematics ofoblemsm
ip three major categories, namely: or@inary probiems‘that
®re-faniliar from classroom instfuctiooi and are similar to
textbook probleos; problems with surplusfinformatioh' and
‘problems with ﬁisSing information. One surplus or m1351ng
element wvas 1nc1uded in the last two spee¢ific categories of

W

‘nontextbook problems during the first pilot stud&éﬁ It Vaé

decided that the level of diff1cu1ty could be eprQ eﬂﬁp’ :

slightly by means of presenting an appropriate ﬁh:
By i
level of‘conpete

‘or ulightly above. the snbjects




*

pilot study. Some general and ;pacific probing questions

and a table of cognitive strategies and task perforunnco'

.

vere utilized for both studies. >

The\results provided valuable information regarding
nodificatiéﬁs of the mathematics problems (See Appcndix B),

probing questioﬁs (See Appendix C), and the'tabic of

2

cognitive strategies and task performance (See'Appendix D).
Detailed exﬁlanations of the word prébiems wiil be brovided
in the following section on task.  The ofdinary problems
indicated the subjec%s”’ability to master the four baéic

arithmetical operatfqhs; they could solve similar kinds of

textbook problems' easily and correctly. Difficulties Qere

Y, . B
encountered by some of the subjects while they were solving

.the nontextbook problems in the other two categories of °

i

mathematics vord problems:\ It was decided that the 12 word
problemé would be separated into two tasks with two specific
arithmetical operations-rsqui;edlin each task.

o r3 » R
Some of the probing,dﬁistions introduced into the
;ﬁilot studies wvere eliminated due to the fact that they
might produce the effect of implicitly framing/leading the

subjects' thought processes or attention.



problema to asgess the exécutive procesaes of the subjects

P

strategies are.\ - j ,,,

- -" frﬁ:f1.w to utilfze. the nathenatics task as’ a means to b
&dentﬁﬁy the cogniti e strategies executed for problem
' T 3wy

e
1 .

% ot

- resolption-

-2_ vto ‘examine the applicability<§f 51milar

' cognitive ;trategies being executed acr:ss real 11fe i
problems in‘:elat1on to four dlfferent'arithmetical s ~;¥1

\ioperations and three-catigories(mfrmathematlgs‘wotd

S, - | tht , wol S0
. L ‘ L o SRR ,
problems. ' S C /ﬁ/\' . i:;/;

L 2N . v
! /

The current focus of interest was ‘on the executlon
S

Y

s 'Of.cognitive‘strategies in solving three categoriesﬁof i
- | N A
mathematics word problems. namely. ordinary probl ms;e : .

43
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- fprobleqsﬁaib surplus 1nformation"and problems wlth m1551ng\

Al

“information. Thc first categoty con51sted of problems that

vere familiar from. classroom instruction and thus were
B eimilar éo textbook problems. The 1astvtwo;categories
s ‘ ) . .

! presented some nontexfbéok problems vh h required the
f; subjects to :kegtify with erplanations either the extraneouSL 3

o . A 553 st
.infornation or the misaing infornation reguirediin‘order to
lsol;ezihe Prohlems. . T N

& ,"‘ - » ‘ \

The four basic arithmetxcal operations (+, -,br. +)

‘were separat into task A and ?ﬁﬁk B. Two problems in each

LI
¢ f p



. -‘~ . 1 EEE ;

a 3

L . "1. IR & Lk .
_category requ1ted the apolication of either addition or

\

: dqyision' this conbtitubed a total

'g,tegk A.. Tvo examples of task A i

for a stereo set.
He also 'spent $457 ;or buying a rocking chair.
s+ "How much did he pay in all? :

(Ordinary problem requiring addition).

1. Mr. Edvards paid $32{n

N

2. Peter picked peaches for 16 days and earned 3384
last month. ~He also earned $95 for picking

. apricots this month. How much did he earn each
- » day for picking peaches last month? ‘

L ~ “«{Problem with surplus information requ1r1ng
‘d1vﬁ51on) P

iOn the other hand two problems in- each category requiring

o
/

the use of either subtraction or multiplication constituted

‘ya total number of 6" problems in task B. Tuo‘examples‘of
'task B are ? ; ,} ’ -py ’ '-‘ T L
'to34 Krlsty has 15 stamp albums. She has 79 U §”‘
. - stamps. Each album holds 129 stamps. Twa of
 the stamp albuns have 36 Canadian stamps,
"How many stamps/does she have in all the albums?
S “(Problem with surpluys information requiring ™
SRR multiplicationﬂ ‘ _ . '
- v P N ‘}J ,‘ . - . ,‘\
j T

2 b, Tom took out $ﬂ68 from his saving box. .

. s+ He bought his /sister a birthday gift and

' also spent $359 for buying a bike last week.
He bought a pair of skating shoes and paid
“$27 for 2 records this wveek. How much did

: ~he spend in,2 weeks? ] BT
A (Problem with missing information requiring

‘subtraction). . -~ - o

Both tasks provide only vhole numbers -_..renging from
U 2- dlglt to 4- -digit — and each of the problems required the

application of one basic arithme¢1c51 operation. Two
J o o he .
: eleﬁents of surplus 1nformation~or missing information are .
2 . . v A‘ ‘ . .

w oA
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included in' each specific typéfof nontextbook problem with

’ . "'v" "ﬂ f - : . R
the exception of problem #4 in tasg;A, and problem #3 in

task B. Threo surplus elements are built into each‘of these

two Problens with the intention of finding out whether there
is any difference in the s%u@entsv ability to realize two or
three surplus elenents. ‘At the same tiner a surplus elenent
‘”("Two of the.stamp albums") in‘task B.dproblem #Snwas given
\ verbally with a belief that differences may have benn found
between realizing surplus elements presented in a numer1ca1
and those presented in a verbal contexﬁJ No extraneous or‘.\
.missing elements are -built in for'ordinary‘problems:fn | ’

either’task.w

Stratepy assessment

3 _
Protocol analysis

@il A verbal, or "thinking aloud" protocol rnvolves

asking subgects to express verbally all thoughts that come'

[ -

into tﬁeir minds during task peﬁéﬁgmance (Hayes, 1981)

1 g t

g THQ’"think aloud" method has been advocated as a

-

‘r rich basis for cognitive assessment. Io provides

information about ‘the subject 8 general end*specific N e"

cognitive strateg es as vell as any inhibitory or
'“facilitative ide tion that interrupts or enhances task
performance (Eri sson & Simon, 1980 Garner; 1982

Meichenbaum, 1977; Swanson. 1982). | ‘ e
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There are Jome critic{smSawith respect to the use of
the verbal protocol method for‘cognitive assessment.
Three major criticisms are most ‘commonly found ' oot
1. incompleteness in verbal reports can be found’
under the condition thet‘unheeded imformation is not stored

»
in short -term memory;

2. automatic cognitive processing. may occurred
3 not a11 the information available in short- term
memory at the time of the report is actually reported° and
4; the method may handicap subJects with limited
linguistic skills, espec1ally4younger children.
It'has’béen'suggested‘that if'the subjectS'arEdculate
information directly whicH*is already availeble to- them,

then the think aloud method will not*change the course and

structure of the cognitive processes, nor w111 concurrent

>t N

verballzation under such conditions slow down these .
processes. It is quite likely that the subJects verbal"
protocols may be sketchy, but their mentsl processes will
not be slowed down or changed if their performances ard~
highI; automated"therefore. bhe subjects may not nske nuch
use‘of short term memery. This phenomenon most likely vill
_be found in acts of realizing familisr tasks or syinult

after long practice. Hovever.vthe focus of verbal report

data mainly gears to explic;t ﬁktestatements about the

;tatenents sbout inputs and outputs

3

process 1tse1f replacing?
, A
in the protocols. It is also important to stress thst the

‘;ﬁ e I :"\a* R

ce T
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subjects' mental processes ma; be interfered with only if
they are told what to think or talk about (Ericsson & Simon.
1080; Garner, '1982). | |

Some precautions need to be?considered when

utilizing the verbal assessment method. The interviever is

.encouraged to probe for simple behavior descriptions in a

‘\nonspecifie oncuing. "bland" fashion, ‘but the number of

‘Q‘\

probing questions should be minimized in order to av01d
, y _
interrupting the subjects dbgnitive processing or
" ,\a

misleading them into making guesSes or inferences.

vMorﬁgiﬁr, inquiry must be made as soon ‘as pbssible in order~

to dssess directly the information in short -term memory

’ﬁ;(Ericsson & Simon, 1980).

!

?

u‘;(g : |
”to protocol’ analysis (Nixell & Simon, 1972; Swanson, 1982;

Carner, 1982) Glass. Holyoak g‘Santa (1979) suggestedov}

that.' o ' ‘ - ) r J“
thg first step in doing a protocol ana1y51s f; toﬁ
break up the 'transcript into fragments that

_correspand to different states of the subject's

" knowledge. of mental activity. THis division is
done intyitively by the experimenter. The result
'is @& séries of labelled statements. (p. 413)

1

Lucas, Branca. Goldberg.,Kantovski, KeIIOgg. and

_ Snith (1979) outlined'

" the definitions for a set of constructs which were
to represent observable, disjointed problem solving
behaviors and related phenomena . . . . Each event

vas assigned a symbol, and the collection of events

vhich comprised a problem-solving sequence of

-processes ‘was recorded in a horizontal string of f%i’

- R . . ) . ‘

Many Jpproaches are found in the 1itereture relating<

L | e

-



symbols corresponding to the chronological order

of appearance during the actual problem golution.

In this manner a researchér could listen to a tape

of a problem solution (in conjunction with observing

written work, interviewer notes, and/or a verbatim

transcript) and produce a string of symbols which

represented the composite perception of the

solution process. (p. 354)

This study utilized both methods mentioned above
wvith some modifications. Analyses broke down each !

e N
descriptives/statements into segnents which corresponded to

:éacﬁ-speci c .mathematics problem. A table of cognitive
‘ét:ategies and task performance‘whs completed for each
usubjéct'g verSallexbressiohs of Qﬁrategies, along‘vitﬁ
\his/hér Jritten scripts of each mathemﬁ;ics'problew. This
allowed the researcher to investigateuthe kinds of
vsfrategifs emplo&ed'and‘to examine whether the subject's
,.Verbaiizatioﬁs corresponaed iq'the written écfipts. . Two
independenf'tables, with identical format, of cognitive
strategies and task performance (completed af%er finishing
"pfbtoéol analysis weére) ghen compared with the one already
made duriththe‘supjéct's actual taék perfqrménce." Any
differences found‘betw;en the behavioral chétklists-aqong«
the items being checked off was re-evaluated before

confirming any‘final decision.

Error anilzsis ,

" Error.analysis aims to:

,classify errors according to the stimulus “ai&#
e -0,

properties of the exercises . . . to supplem
careful description of the exercises with an

~eE T,

62’
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'

analysis of the process employed or algorithm
.~ used in the incofrect solution. Often it is
necessary to interview the learner clinically
. - 4in order to determine the methods used to
‘ arrive at the wrong answer . . . . Error aiialysis,
ich examines procedures, often yields data ‘on
. t e status of the learner that will stand in
'§g§§'aharp contrast to an analysis based solely on
scores. (Goodstein. 1981. P 33 34)

T Error analysis conducted in this study was geared to

£l

converge the evidence observed and then recorded in the
behavioral checklist of task performance.‘ It also served as
an importanr technique for providing stronger support for
the‘descriptive analysis.

Analyzing computational errors is a common feature
of some mathematical studies. Roberts' (1968) model of four
error categories — wrong operatiom. computational error,
defective algorithm, and random responses — aT€, usually
applieinn these studies.’ nis model oi error Categoriesf
‘'shauld not be overstressed‘becsuse'nany students' errors may
not be simply the result of- csrelessness, problems W1€h the
basic facts/skills, or randam responses.* Incorrect> U
solutions may also be related to skill/strategic deficit.

. Suggestions have been made that a‘careful analysis of task
dinensions, such ‘as the operations/éonputational couplexity
and reading~1eve1; as vell as the 1earner's perfornance on

.:various types of word problens, can provide diagnostic
info;nation of specific skill deficits (Goodstein, 1981).

Lo JThe natdre of this study focused mainly on the

[ 3

' employed dering task performance on two

o cognitive strste

+ L
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speC(‘Igic types of mathe.tics vord problems with miasing or
“’surplus elements. The ma jor prerequisitea of reading level
and baaic nathematics skills were already assessed, prior to
the screening procedure, at the sub jects' current e
- ‘functioning levels. The pilot atudy and the category of
Joxdinary word problems provided additional evidence- of
éaﬁisfying these tvo requirementa.

Error analyals was done on the werbal protocols.
written scripts,-and error patterns. Fiye ma jor error
patterns can'be»elaborated (See Appendix E):

A. Selects part/all of the numerical data.‘
correctly/incorrectly. unrelated to the question

B. Applies all numerical data and/plans incorrectly

C. Selects data needed or related to the question

_but plans 1ncorrectly | | | |
' D. Carries out more than 1 step for the main
solution

E. Computational error
Some criteria were set up to evaluate the erto; patterns

‘?See Appendix F) baaed upon a qualitative and
process-oriented approach. The error"patterns-can be’
applied to evaluate all" mathenatics problems in both ta;ks.

Surplus elenents found in tasﬁ A vord problems are:

Problem #2: $95 and 7 more days;

Problem‘#bz 130 units, 4 people, and 16 units.

’

~ Surplus elements found in task Blvord problems are:
_ﬁ“‘fi ‘ .
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Probiem #3: 79 U;S. stamps, two of the stamp albums,
and 36 Canadihn,etampéa

Problep #4: $14 and $110.

Miniing elements found in task A word problems are:

Prpﬁlem'l3§ fhe total number and cost of books;

Problem #6: the total number of rows and seats.

Missing elements found in task B‘uord’probiems are:

"Problenm 12: the cost of a birthday gift and |

skating.shoes;

| Problem #6: the numbér of push-ubs.did.in this -

wveek and the number of days missed.ih

doing it.
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2 Procedures

.

Two M. L. D and two non-M L. D. subjects, each type
including one subject from Fach sex, vere randomly assigned
to one of. the mathematics taeks. Each subject was required

h

“to complete an\indiv;dﬁ’Tti/d nathenatica task conaiating of
six word problem;\;;ich were designed according to the three
‘maJor categories mentioned earlier, Problems found in task
A requrred the application of either addition or division.‘
problems fbund in task B required the use of either
subtraction or multiplicatlon. No instruction was given as
.to which arithmetical operation%should.be'applied._nor vere
the subjects notrfied that surpihs or.missing elements would
be found inm the ;ord problems.' I /
However, a brief instruction (See Appendix A),
without tra1n1ng/pract1ce. of the think-aloud method, was
given by the reseaxcher before the subjects started the
task. SubJects were required to include t(eir writteh
scripts for each mathematics problem. They were required,to
write down the missing elements in ehortlincolpleted
sentences after compléting‘their orel explenations or
indications., Misspelling and incompletefsentencee vere
aceepted if they-were reievant to the correct solution. No
time limit‘vas‘set.:

' The experiménter administered the fndividual

assessment-procedures in which some general and specific
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probing questions (See Appendix C) were introduced, |
depending upon‘pothdeituatienal and individua}‘differences.
The subjecta; verbalizations vere audio-taped individually.
The probing questious vere deaigned to drev.out the
strategies euployedhby the subjects ip solving the word R 4
probleun. .
A behaviorei chgckliet of task perforuance vas
completed by the researcher during the actual assessment;
that is, while the individual subject was‘performihg/the .
task. No‘inter-obeeryer reliability was made but
1ntrafobserver reldabdlitj.vas carefuily‘applied.
Two additiunal behavioral checklists (identicel in form)
were completed by the researcher whfie anelyzing“the verbal
ehd wvritten data for each subject at tué different '
time/dates. Only intra-observer ayreehents among the 3
independent tables (;ith identiéal forma) of cognitive
strétegies and task performance would be recorded for data
- analysis, Any iutra-observet digsagreement would be
re evaluated befd}e -making any conclusion. Houever, such
"incidents wvere found three tines throughout the entire
couree of data anelysis. The behavioral checklist vas
designed and modified with reference to the lodels suggested
by Days, Kulm, and Wheatley (1979), Kantowski (1977). Webbd
(1979). and Uheatley (1980).
Each .subject required auproxiuately 25-30 minutes to -

¢ - 4

complete the strategy assessment, Howéver, a minimum"of‘twop
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hours was required to transcribe each subject's verbal
. . \

protocols, and approximJF.ly seven hours vere spent

analyzing each subject's verbal and written

data as well as his/her error patterns.

———
v

Data analysis

. The technique of discrete categorization was 7
utilized to evaluate each subject's dat@grecordediin the
table of cognitive strategies and task performance.: The

4

cognitive strategies found in the checklist were cotegorized
7as performed or not performed vhile the subject vas solving
each mathematics problem.\ Analysis was determined by giving

!

a symbol (1) for eath specific strategy performed overtly
while solving the six mathematics problems found in ea:h »
‘task. A maximum to*al would be six and a minimum 0 ol”
‘'would be 0 (See Tables 2a, 3a, 4a, and Sa). On the her
hand, strategies i, j, k 1, ategorized:vhether surplus dr.
m1s51ng 1nformation was recognized and indicated vith |
explanations. There was more than one surplus or miesing
element found in. the specific problems designed for both
‘task A and task B (See Appendix B). Some of the lnbjects
‘recognized or indicated only part of the ourplue or missing
elements. ‘Reoults vere recorded during the»aeoeoement and
were refevaiuaied vnile analyzing rhelierbol and written

data; they were also interpreted in descriptive fdrmat, even

4
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though they wdre shown on the table., A aimilar apﬁmdagﬁ w&h

L

, "
applied for evaluating error patterns. “*N‘ﬁ‘ v '“< %g )

"a “a

‘ Vorbal protocola vere tranacribed and analyzed in lu&ﬁ

deacriptive format, based upon each word probleu& using »
v '_
vritten scripts and the tables relating to cognitive B,

‘A

ltrategiea. task perfor-ance. and error patterna. A summary
of the four aubjecta' task performance is ahovn in Table 6,
for uhdch a'coding system was devised. Lucas, Branca..
‘Goldberg.gKantowski. Kellogg, andHSmith's (1979)‘idea of

» developing a coding system was used as the basis for the
code, but it vas modified for the purpoae of this study.
Schoenfeld (1983) explained their concepts:

that particular coding scheme included a
tvo-page "dictionary" of processes that
vere assigned coding symbols. 'All behavior
vas "required to be explicit; otherwise it
is not. .coded" (p. 359). As an example of
the coding, the following sequence was coded

"as R, R, L8 Pi Da5 4: "The problem solver
reads the problem, hesitates, rereads part
,of the problem, says the problem resembles
‘another problem and he will try to use the
same method, then deduces correctly a' piece
.of information from one of the given data"
(p. 361)" . . . . Kantowske's recent work
includes a "coding scheme for heuristic
processes of interest” that focuses on
five heuristic processes related to
planning, four related to memory for
similar problems, and seven related to
looking back. Researchers explore the

: frequency of such processes in relation i

to problem-solving performance"”, : ¢

A3 Q

(p\ 348-349) ' , , :
~ The coding -system designed for'this~stuuy presented each

category of strategies, outcomes, and error patterns in



' i ' '
1 .

- ¥

hiphabetica} order, For example, a ibta“%f,th:eo found in

strategy (a) cangbe ipterpreted to meay that the strategy of
s '

70

planning was emplofed while kof’iqg three of the mathematics

-

ﬁroblems. A total of .five found in the qutcéchﬁln be
.interpretedfthat five of the verbalizations made in the .
comgleted nathematica‘hroble-a correspond to the Yritton
scripts, A total of two found in error patﬁcrh (é)}cau“bo

interpreted to mean that data needed or related to“the,

-~question were sélected but planned incorrectly.
‘ ‘ | ,
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4“7 Both qualitative differences and\af/ilarities inq

\w

task performance %ere fohnd among the four subi%cts. This

-"aection will present 8 descriptive analysis for each

hd -

subject.' The exploratory but qualitativé nature of this

“research was not dgfigned to, he correlat1ona1 although the

i

: four subJects chosen were separated 1nto mathematically

. oy
Jearning disabled and non- mathematically learning disabled

‘ The major purpose was to 1llgstrate the qualitative

Yo - S . ,
. /

»

differences and similarities among the. subJects_ln;executing

g

‘strategles during task performance. This study makes no

Q u

-~‘comparison of. sex differences 1n task perfdrmance, however,

| €
ffqllowing discu531on will emph351ze male’ and”female

fsubJects. The two types of male subJects 1nvolved 1n task A
. (

AN

rfexhibited 51mi1ar strategic behaviors and error: pattegns

‘-just as\fﬁéh types of - female subjects performed task B and

also indicated similar/strategic behav1ors and error‘_

K] “5

patterns. The findings af this study do not necessarily d'

.}1 .

prove that/sinilar strategic behaviors'and error patterns
e f

A o
will be found in abl averagéhachieving students as well as,

"l-. . B
all mathehatically 1earning\disabledqindividuals. A



» ‘ ( 4 .
A table. of cognitive strategies and task performance, a

‘table of erroraoatterns. and a»summary of the tvo different
tables evaluated for each subject hre enclosed individually.

Transcribed verbal protocols and vritten scripqs from copies
of thé originals are found in Appendix k DR

G .
B Detailed di;g;ssions can be found in théjfinal section.

.
i 4

Results o o V

o e " L w
s . - . B B I .v‘.v'-; "” .
' . Subj ect (Male non~M L. D ) R d& oA

Task A A
-4 ' c

P . SubjeCt 1 wa's amale,non-M.Lmq. subiect;ihe waS‘s
12. 9 year oldl7th grader. His pre-aésés;nent reSbl:sbin
reading and mathematics, Measured by C. A T., indicated that
his functioning level in both academic areas was average on-

"

j'the national stanlne scale'but vas equivalent to 8th. grade

. g ’ . *
(B) No current 1 Q test result was’ available but his
L &

1bve1 ~H3%?§1ass 53 ng in matheﬁ?tics vés abovq'averagel
:‘academic and 1ntellectual competency vere verified by his
\\ present classroom teachei. ‘The following analysis £or
f\vubJect 1 uas based upon the data in Tables 2a (cognitive
Xgrategies and task performance) and 2b (error patterns)
: Different approaehes were used by aubject 1 vhile~

. e T
-'Problem resolution vas arrived mt spontaneouslz

solving the two ordinary problems (problens,#l igd'IS) ‘F
fter'

. N 8
‘_reading-problem #1,“ Planning, restatiﬁg the. problem,

) - o i ) L i ki . o . L ° - - /
: o R -~ » . . . ) St
[y Lo . R ' . L



"prblems f' o 1 2 3 4 ~ 5 6 Total
‘ . . — ,‘ " g ; ; . “’,
) §§££££&1£§ S o
Indicates planning .11 1 1 1 5
b. Rereads the problem’ ." 1 -i 11
" c. Restates the problem 1 S~ ' T

_in own words . . .1 1 1

d. Draws a.di;:}ém o O o [
' . ) . ' i

. e. Underlines ..

%?fdrmatidﬁ'given o 1 o Bt
f.‘Makes systematic . ;dﬁ ' v
trial-and-error ' 1 , 1
q':g. Makes random K A
trial-and-error » _ %H'
h. Makes hypothesis .. | ' ,ﬁﬁ‘ 1 '2 
_J i.-Recognizes surplus ) oo . , ‘
-+ . information . : ' 2 3 ‘ EEEY- IR
| dicates surplus + - o Ry
~information o 1 2 : 3. )
K, Recognizes missing;“' o - . o o
' informatlon I S o2 2
1. Indicates missing B U .
u\/):Lnformat:lon A E, EET Lo o202
X ~‘ . EEREN . - _ ’ e . "-
m..Checks/corrects o S
e stap/s’ of solution - .
o R A
. Outcome . ’_ a B t‘ ” 1t n
y : Verballzatlons : o * '
e " correspond to the R P
- written: scn1pts ”f D | 1 17} 1 1 6

v
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o
Tabie 2b: Error patterns
LR ,' : ~Subject 1 o ‘ : oo

. \ ’ 0";

o - Problems . o

Error ' . - i : .
. 'Pattermns ; , 1.2 3 4 5 6 Totel

» A. Selects parts/all of
+ the numerical data,
‘correctly/incorrectly o :
'ufirelated to the' C S BRI
questlon. -

B. Applles all mumerlcal R :
- data and/plans : T e

"C.

. k] . » . i .
* . main solution.

»

E.,Computationalierror. AT |

&




‘own words, and making systematic trial and-error strategies}
were applied in solving problem #5. He restated the problem

in his own words by saying "There are 735 notebooks and

there 8 15 boxes., The question is how many notebooks are in
each box." A planning strategy vas proposed vhen he stated: .
"Gonna to divide 15 boxes into 735 notebooks and it’ll give iR
_you the ansver of how many notebooks are in each box. He

v ~

‘tried out the strategy of systematic trial and error five

- \f'\./ : . .
times in terms of us:Lng- multi.cation steps to find out the
e ’

product of the d1v1sion problem. His explanation was:

| '"Becaise I ca t,really tell myself what s how many 301ng to

""the problem° "So, you 11 divide 381.

5‘6'- ‘}’I",
‘that. So.~I wah%zto be sure. So. T want to takgfhll Phese

P : ) S ; N @
numbers~like‘4.’§ ;J, 8 9 .‘.ﬁr and see which one that's

'exactld the ngyber. ;; A éo;regQ’ansv r was achieved.vbut

e,

the quotiept of the divisor usualfy c ul&ﬁ%f found by the )
- M
g normal ind1v1dua1s at hlS age. and Ergﬁe level using S ®

calculation rather than trial- and eérror, The strategy~of

------- Wooe oo

| systematic trial and- error was executed less efficient. both }
© ¥ ) .

- . ’ ww
in terms of time and effort required. , ) ; ) o

(S

Rereading and planning strategies were ptilized
i A

vhtT“ he was. solving\problem #2.» He'decided on &

'K

mathematical operation vith quick planning after rereading

;(y 16 Yap. 1 think

B
'that s what I 11" do.' He indicated all the surplus elements

4

3

"with explanations and comments such a;§ A | don t need to

know how. ma\nr’y apricots he s picking o’ anything or ho.w much

Y b N . N | . RPN



,money that he earned cause ‘the quq‘tion is how much he' '
earned from peaches. .So that means I don't need all that

information. It' stust trying to throw in some thinga. ‘&y
'.to triék you." l | | | . o -

‘. . 'vlv,."
. % ‘ﬁL

The protocols indicate that he vas quite aware of ﬁf"ﬁﬂ
choosing the infori&&ion needed to anawer the question~

3 Evidence of straQegies utilized for information-integrat

"0.K. It says Peter picked .

read the g(her 1n£ormation.
doli.? fQ‘

last month° _Sq, 1" "'“t need~the information of apricots'"'
v { ~“¢‘ N ! -]

“;; n- the question about apricots. So,

because it said ‘rfo

T you go up to the f “‘f‘lhne.‘ You read it over and then you

Uy 1 o
see that it says about peaches. Then.-it says Peter picked‘

1‘

-‘; . . 384 dollars last month - That means how much he earned
'each day fo.r picking peaehes’ month.' So, the .

v

‘_;information that's in the m&d&te here about the apricots you
don' t’heed-ﬁecause thegp s*nothing jpying apricot in that

. question s . ’ e

“ b
R “%ﬁa The strategfes of attending to aelectivF infornation

g . l‘

‘on peaches but ignoring the surplus infornation on - apricots>

AL Lo

were also seen #hen he uas indicating tha surplus elenents
3

~ related to. aprﬁﬂots' "well i} s how. wuch it's. sayin& that‘_

” 7\‘\,. $ .
1n 7 mqji days he spen: qn picking ?p7icots that mgnth andﬂ

earned- S @Bllars for pickiwg apricots. £0u don t need toi?

- B °
PRI



know: that . . i So. why bother looking at that . ‘~.}rhf

None of the missing elements found i: problem #3 vas
o . PR A

n.reslized Hypothetical thought snd correct operetion vere
edeenced but wrong sssumptions (inappropriate hypotgf é)
led to incorrect. solutions. "Well it soys here 9 of th v ;ff;

-y
bookb cnd just says s’me books. I presume that 9 of the E§§
books ls all the book‘k So. 16 records, 16 records. Your St
¥ 1' .-
information is right thgge together for the books and,

records. ‘Then, you only got 'er poster left and 7 postefs .

cost 24 dollars, Whatever.yo 'Q%t would be hov much would

.t cost for' all.the records. oks, and posters. Sq, you

I

?
add these up pnd you'll get the answver,’ 294" dollars.‘.

He confirmed that he\had alhrthe'informatton ‘needed to®solve

Bl

Y
.

4the prwems. "Yeah! . You have allwthe ‘iﬂvétion because
it gives yoy 2 of your products or thlngs into one price.
,sThen, you ve only got threewproducts and your other product
and the price is right there., So. you have a&l the products
.together.' ﬁe presumed that the cost of boo" snd records
vvas given 4n one price' this resulted in an.incorrect
. solut&on. S R @g\ ‘; | |
Hpvever. a good exsnple of enalyticdsynthetic ﬂ‘
bohavior vas seen vhile he uas explsining the informatiow;
'Aspplied for problem resolution. Evidence of h1s analysgs
. .. ('

- was illustcated in his verbal protocols. "I used my tltle s

,.;thot stsrts the problem.vhich is a schootylibrary . « o and .

1 LA

-l
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: Lo ‘ e '

7 posters. ,Sol I knov when it says 9 of the books and 16

qj%ords cost fVO dollars. Evidence of ayntheaizing needed
formation was alao illuatrated in his verbal" protocols.

"Well, 1 go back to the top linei?\«kﬁjt@ys 16 recorda.v So,

3

¢ St R , R ) ‘ ‘
I kno¥there's no records left. It says-9 of the books and

then it sava aome booka. It says 7 posters cost 24 dollara.

!

; sd; I&go

ack up. IE aays 7 poatera. ao 1 know there's no}

-

“one: 1eft.
BRI ‘ v
el %ilt all cost." Different pieces of information vere
P vﬁ»u";z pﬁﬂ' %:‘"A’ »x o

%vere also"

I just add those up and get the price that 11 be

= i
:lw "{:~ %t Y k N

(key words) Ev1demce of integrating informatidn can. be

3 o

found when he mentiond"he went back twice tOxthe related

Ed

data that igs given twice,

N N

‘,‘Rereadingq restating the problem‘in his»own words,
L ¥ planning strategiés were applied while solving problenm
#4., All 3 elements of surplus'information were realized;

although a c.mputational er;or related to. regr'ouping was
nade. resulting in an incorrect‘answer. t ' .

All 3 strategies, as mentioned above. were indic:ied
as soop as he began to approach the problem by leans of -

rereading and restating it in his. own words. His verbal
-

protocols provided ‘such evidence: "So. that lean( you havev
got 826 people living in 130 units. The question is hov

many people will b ound in the building .« 6 el Really

-

' all you need is to ?&nd out how nany people living in thet’



building altogether. ft sa;s 147 more people are coming.
Se. you add those together and that' 11 be how many people'm.
will. be found in the building. Analytic-aynthetic mental
processes vere evidenced when he indicated with explanations
the aurplue and needed infornation in relating to the
queetion' "I don't need to know the infotnatiq‘ﬁof 8o many
pe ‘M‘g;e living in 130 units. but I do. need to know how.

.

many‘p pld that're living in 130 units. I don't need to,

Y

',w uany people are 'living in each unit, I,do’tt need

vknow
;ito*&hOV howmqgny«units on each floor. I don't need ,all that

et&&@ y 1 just need to know how many people live\in that

right at that time « « + . It says a buildlng has

\ -
, B2§¢¢ ple living in right at this t1me. Then, it tells you

~‘ﬂmg&1‘s 147‘more people coming. " The question is how many

,,péople will be found in this building.A That né“ﬂs’ﬁow many

. h
?eoyle are gonna be starting to live in this place. So. you

idd 826 and 147, and get your answer.'
A "J% i . ' PERY .
. 7 He also reelized that'a similar problem with surplus

R

elekﬁnts (prbb&em #2).uas encountered ear11er. Evidence .was

-

found'vhenﬁne~nade a comment: "Then, it pays 147 mote people
vifl ;;Qé in. How neny people will be found in'the
"building. Well, ;1i this inforletion‘ that the stuff again
" that you -ight not even need because it ] saying thet 80
neny People living in 130 units." :-;' s ”, 'L

. He chose a correct ar1thmetical operation but made

an error in regrouping, and so produced an 1ncorrect

ry
g



e

-«

, 80
Vi

. solution. This was illwh;?ated in his written scripts as

¢

follows: B26+147=983,

‘,' Rereading, underlining information given, making

hypotheses, and planning strategies were used while solving

problem #6?ﬂth;s resulted in a corfect solution, ‘

¥

He reread the entire problem after finishing his

first reading.aiodd. Missing elements we indicated
, : - 4

Spontaneouély énq correctly, while thé‘application of an

analytgc-synthetic method facilitated the accuracy of

ﬁrobleﬁ resolux{on. Evidence was found 1n his verbal
protocols; he recead the entire'problem aloud before agatins:
that: "Mani(}ovs of seacs are found in the music hall.

0, K.. §¥ithat.tells me that in this music hall, a lot.or

‘

.many rows of seats are found. 685 people « o e e Well 1

haven t got enough informatiOn to tell ‘me., Cause it just

.1. %

says many rows of seats . . . and. then, it just says 685

people filled ‘up some 6f the seats.”" He undgrlinedg;he word

4

"People" but made the comment:_"I don't need to know how
\ ‘ ’ c
many people filled up some seats,"” ’

Planning stratesy vas indicated ‘as he stated the \
w

information he was looking for: "I vant to find out how nany

¢ g

seats are found in one row, or in auch and snch amount of

& . .o .
rovs. ‘Then, I H‘s gonna to find out how many seats are to

~each row. . Irhaven t_got- any ides or'information. It jus’

says many rows of seats. I don'c knowv how many is many

-

5 , _ ,
.really. C0u1d be 6, 7." Evidence of making an hypothesis



'and axccuting nlanning atratégiediﬁaa‘fbgnd in‘his,
essumptions for problem reaoluiim "What I ne@ to know is,
maybe how many seats are found ln uch rov. Haybe they can
give me ‘there're 7 rows and 42 choira vere altogether, How
many seats are found in each row? Hell, you maybe divide 7
into 424 Ho‘;be 6 to each rov. :

. ' Rereading. restating the problem in own words, .
making hypotheses. and planning strategies were found ‘ost
distinctively vhile solving all the word problems. His

,gunique style of Qhoosing nee\ded information in relating to
the question. as well as utilizing analytic synthetic -

3 Vv

methods in planning and executing strategies. spontaneously

facilitated problem solution. ‘
\“ . LN : . » .




Sobfect 2 (Femgle n?n—M.L.D.) s SRR

Task B

Subject 2 vas 8 f&nele non-M.L.D. subject; she vas &

13 34year-olq 7th grader. Her pre -assessmént results 1n

reading and nathehetica. measured by C A.T.. 1ndiceted thet fv

‘she was st the average level (5) in both subject areas K
aécording to the national stanine scale but was equivelent
lto 7th grade in }eadlng and 7.8 grade in methenatics
"concepts and applicetions. Her clees-stanoing in a
mafhemetics'was above‘average (B+) and ﬁer I.Q: scores,
;:asured by C.C.A. T.. ;ere above average in both verbal
stanlne (6) and non- -verbal’ stanlne (6) The following

X

analysis was based ugon the data in Tables 3a (cognltive

strategies ‘and task- performance) and 3b (error patterns)

LI

‘Subject.2 could only solve the two ordinary problems

correctly. She did .ot notice anf’Surplus or missing
elements de51gned for four.of the ﬁ{oblems.p
She could solve the tvo or’inary problems (problems

‘ #1 and #5) quickly and accu:‘%ely. Her choice of”

‘ mathematical operation was related to the question preeented

> %

%

in problem #5 as found ‘in her verbal protocols' 'C?uee it

asked how nuch she had left‘afterzbuying a T.V." ' ~

A plannihg strategy vas ueed v*ile aolving prob!en #2; but

,it did not guarantee a correct solution. i L

3
A : - . i«
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te

-S_r es

s. Indicitea.planning
b. Rereads the'problem

c. Restates the problem

‘4n own words

Q} ‘Draws a 41agram‘

L]

e. Underline§
information given

£\ Makes systematic
3§;'trinl4and-error
a0
. Makes random '
. trial}-and-error

h. Makés‘hypothésis

by ReEbgnizes surplus

iﬂformation

.j. Indicqtes surplus .

-, information

"

.jﬁg Verh&liaptiwgsﬁ‘»

“k. Recognizes missing

infOrmation

1. Indicates nissing
inforﬂation .

;“; Checks/correct§

~step/s of solution . .

Outcome.

corre pond W
o writtan lctipts,

o

e ro
ki 3 g
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Voo ‘ .. Problems .
Error ‘ , ' - .
Patterns o 1 ¢ 3 4 S '6 Total

A. Selects parts/all of
the numerical data, , ‘
correctly/incorreetly - 1 1 1 .3
unrelated to the ‘
question, |

B. Applies _all numerical ' ‘
deta and/plans o 1 1
incorrectly., , : <

C. Selects data needed/ s *
~ related to the : o o : ‘
question but plans ; o 1 1.
incorrectly. : ' :
D. Carries out—more : . , , .
than l-step for the w1 1 1 ‘ 3
‘main solution, : . e

E. Computational error.
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FShe planned altvo—step operation fdn probfem
resolution‘without noticing any nissing elenent. Related
:”eiidence wvas found’ in her oral p1an°‘"I do subtractl‘hdding -
to that each of the numbers e e HOVnnuch‘gl apent in 2

. [ _
‘weeks. N. K.. he took out 768 dollare. »Then. he spent 359

dollars plus he spent 27 dollars o o e’ You ndd ‘the 9 and

7, . e e 3fi;/{Subtradt from 768 ..... .  He spent 382"

e

. dollars '. . t'I uséd what he spent ﬁor the bike, the
; records, andlskating shoeﬁ. I subtracted it‘from the amount
" he took out. Addjthose two togetherw,%&Her oraI plan also

1ind1cated thatﬁverbalizations did not correspond with her

‘written scripts 1n procedures of operation applied. 'She

:actually did addltlon before carrying out subtraction. this
was shown in her written scripts. which were different from.
'iher oral plan. Other simllar ev1dence was found vhen she |
etEted that: "He spent-359 dollars for his bikeiand 27
dollarsffOr‘2‘recordsr" She actually didgnotiuse‘aﬂy |
'information relating to the skating shoes;‘she didvnot
.Crealize this 1nformation vas a missing element. It was
fcontrary to. her oral plan that she used vhat was already o

¢

spent for the skating shoes.,



o ' c ™~ SR
7"“"\ . . -\\ . .

o She selected all of the numerical data incorrectly
since. it was unrelated to the questipn; A habltual pattern
tof ariﬁhnetical operation was folloéed. She didqa‘t realize
the queétion asked the amount of noney spent, but not how

much of it was left\ the inappropriate arithmetical

'

operation vas in cated ingherimritten anaver. ‘Another
‘interesting piece‘of\evidenCe/indicated that ahe did not
attend to the problem or‘quegaion deliberately, nor was she
involved in. any reflectiverthinking. “When the researcher

asked her vhy she would add 359 to 27 she repfied "Cause
e

to get. the total cof what/he spent that wav/lzh/ean/subﬁract

R —

from th ,total he took out from\his sav1ng box.' 1 took 768/

dollars and I subtragted the total which 1s 386 and 1 got

382 dollars that he‘spent in 2 weeks. The researcher

/

conﬂ%nued to ask her why she would do subtraction. She

actually stated the correct ans‘ert the product of her first

step aqf the operatiom, although she did not&¥m£<12e her

. el

error""Because he spent 386 dollars in 2 weeks. The totalr

“is 768 uhichphe took out from his saving box." An incorrect

‘ solution va% the result.' o
&estating the probleu in her own words,- making

tsyatenatic trial-and- error, and planning strategies were

applied while aolving problem #3. She did not realize there

/
vere/any surplus elements but applied all the numerical ‘data

/“ 3 !
) : . 3



and carried out more than one step. for the main solution;

o,

this résplted,in‘an incorrect solution.
Evidente'of thé?tﬁreé étrategies'uied.ﬁgs found'in:

her verbal protocols when she reptated the problen 1n her |
own words at the beginning' "How uany stanps does she have
in all the albums’v 0. K.. Kristy has 15 albuns. 79 u. S. and
she" ot 36 Canadian stamps. You add 79 and 36+togetherf
‘>She s got 115 stamps and divide that into. Divide 15 int;n
“115, 15 ‘timés 3 equal .. (3 different systematic

R trlalhand error), se’l go 7 . . . put é‘decimal. You go 15

1nto.6‘.w. . She has 7. 6 or estimate of 8 stamps in each
. ! ! N
{ \\

alb Uf;l o / T

~— - -

<

- She/d;d not' recognize the surplus elemeiits but used

B

two éf t he numeriéal-feafﬁrgs; énd.also‘did not realize a
thif&]surplus verbal element., This Qas indicated in ﬁeri
orai'protocbls: "I Qsed that she had’jé stamps from U.S. and
Ivadded that with 36 Canéﬂiah stamps, and I got 115 S;aMps

-

ualtogétﬁer. Then d1v1ded 15 albums 1nto 115 stanps and I
\\\EQS 7.6 or an estimate of 8, in each album. “ Her verbal . b
protocbib also indicated thqt she did not atﬁend to thé Jf
questlon deliherately when she stated that the answer was 8

v
stamps in each album. When the researcher asked her vhy ‘she

—

would do digiSioh..she actually stated the question
‘:correctly put did not realize the error she made earLierr
"Cause -they want to'knowvfhe question how many stamps. she

. has in all.the atbums." . -
| . ' §
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‘ .
: ‘ Planning sérategy vas applied while solv'ng problem
4, but ‘she applied all surplus elements, planned o
Aincor;ectly, and carried out aore than one step for the main
vaolution~ an incorrect eolution vas arrived at. '
Planning strategy vas- found., She adated "He paid
' Zfé‘=6fl?ra total.x l'a trying to find out hov nuch he paid
"for”the“housinglrent. 1 take lh 110, and 139 dollars.
Then -add ldgéih;f . + . 268 dollars and -subtract from 748
‘dollars’.'; . e Hetpaid 485 dollars'for housing rent.? -
| Surplus elements were'not noticed but were‘applied'
for problem_reéolution.lthis was shown in both of her

14

written scripts and verbal protocoIS' "I used that ‘he had |
h:768 He paid total 768 dollars for his phone bill, hou51ng
rent, and grocery bill, It told how much he paid for the V
guonthly rent of his phOne and‘for 110 dollars for painti 8
‘thedoor. For the phone bill- and the grocery bill . added up

" to 139, 1 ad__ded 110, 14, 139 up and I got 263. Then I

-‘aubtracted'thatafgi"748 vhich was the total. I got 485."‘
| Onfthevotﬁﬁrd:ﬁ“d. verbalizations which déd not
correapondﬁto her vritten acripts were found in tvo
instances: . - R » y
1. She stated in her oral plan. "I take 14, 110;
\_and 139 dollars. Then add together . ; . 268 dollars‘r .

. / :
ﬂﬁ .She’ actually wrote down 263" as . shovn in her written..

‘acripts.- 7 S : o
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‘ : C _ roo,
2. Her oral explanations oﬁ‘information used' "1

used that he had 768. He paid 748 dollars for his phone‘

bill . . . " Only 748 was given in the p{obleu' 1t vas

‘also in her vritéEn scripts. It vLs considered as deviating
;fro;\KEr initﬂﬂl statement. « !

ey

e
Y

L

} Rereading and restating the problel in her ovn
vords, mhking hypothesee. and planning strategies vere
utilized while solving problem #6, but none of the missing
information was noticed. She selected data related 'to the
question. but:she made an 1nappropr1ate hypothe91s and
misinte¥preted the problem; this resulted in error.A o

Ev1dence of applying the 4 strategies and the- error.

'she made were found in her oral plan' "0 K. 12’ push-ups'each
dap every veek. A few meansl3. So 15 times 3 ... . 1is 45,
He had to.do 45 push ups for th;s 3 days that he missed.
She made an 1nappropriate hypothes:s that a fev meant 3“and
’d1d not realize any missing elements. An incorrect plan ‘for
the solution step resulted in errpr.y

. The three most commonly found efror petterns while
'~solving the 6/questions vere: 1. selecting parts/all of the
numerical data -and carrying/out more than 1 step ‘for the
nain solution. Both types of error vere found in problen 2
vith.missing inﬁormation, as vell as problems 3 snd”lé vith
surplus elements. 2. Applying all numericSl data and/or’

A\
<A
T



",planning incorrq tly was found in. prbblem #4:;?th Qurplul

© 90

Aelemen;s. 3.7 Sglecting data needed/related to the questions

"~ but planhing incorrectly was foun¢ while solving probleiﬁlb
with nisaihg eléments. Plaﬁhingzat;ategy vas ﬁost conmogl;

used while solving problens 42, #3. #4, and #6 byt 1t did.

"not gunranéee agourate problem resdlution.
"1l . .

4

"( "
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- e



ub]ect (Male\M L. D )

\ Task A

e B
. .

\
lSthect 3 wasthe ‘male M”L D. aubject; he vas a

. 13 L~1Ear-old 7th grader. His” pre-eeaeslment reOulta 1n
reading,‘meaaured by C.A. T., showed that his echievement
level in reading vocabulary.vaa.above ‘average (7 in nationa;
stanine) and average in reeding?comprehension (5 4n national
stanine)., His achieVement level in mathematics, also
measured by C.A.T., was two years behind | relative to grade
equlvaleWtwapd was below average accordiug to the nationali
~stanine seale (3 inlmathematica-computation amdlb in *
math%matics'concepts and applieationS) His class standing
in mathematics was‘also below average (C Y, whereas his I1.Q.
scores, measured by C.C.A. T..’were above average (7) in |
verbal stanine and average (5) in non- verbal stanine, The
following ana1y51s for subject 3 is based upon the.data,
shown‘in»Tables 4La (cognitive Straiegies and task .
perfurmance) and 4b (error patterns). | ‘

Subject 3 chose. an arithmetical operationl
‘spontaneously relating to the question for each ordinary.
/p,ohlem (problems #1 and #5). HisAexPIanationa‘for uﬁingp
addition for solving problem #1 provide such evidence. For
.example,\in solving problem #1, he ataued: "To addwrhe\3{60'

to the 457. To see how much he paid in all." He explained
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Tablé,éa:'Cogpitive strategies of taék A performance

/ B \ e . i . . L ‘,;

Subject 3 .

i C . 4

Y | - _ '
'ggollgns‘x%. ; 1 2 3
Strategies .,
‘a, Indicates planning 1
.b.. Rereads the p;oblem ‘ 1

c.'Restates the problem
in own words ‘

d. Drays a diagram V o ‘ 1 1 :

e. Underlings~~— .
inform!ffik given

~ f. Makes systematié .
trial-and-error v 1 1 ’

‘g. Makes random
trial-and-error

h. Makes hypothesis 3{1 ' 1 2

i. Recognizes surplus -
ipfo:pation 2 & 2 . . .

j+. Indicates surplus ' ‘
information 2 2 A \ 4

k. Recognizes missing ; \
information 2 : 1 3

"1. Indicates missing o ’ N
information . . 2 '

bt/
W

m. Checks/corrects v
step/s of solution
Qutcome

correspond to the. , -
written ‘scripts 1 1 1 1 1 5




Table 4h: Error patterns.

Subject 3

93

Error '
Patterns « -

-

P

Y

3

Problems

5

. Selects pa:tslali of

the numericéal data,

correctly/incorrectly

unrelated to the
question.

Applies 81l numerical
data and/plans
incorrectly. .

g - o s
Selects pata needed/
related to the -,
question ‘but plans
incorrectly.

"Carries out more

than }-step for the
main solution. :

~

_Computationél error.
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that the answer to item #5 could‘tell him tge number of
L s

94

nhtebooka found in each box. Syetenatic'triel-end-error vas

\

utilized wvhile eblving problem #5: "I take 15 ddvided by 735

. o . times 15 tined 8.. . . 120 llst ayate-atic

triel-and-error]. nine! [2nd systematic triel-end-error]" ;

'He eeid that he took 15 divided by 735 bpt 735 divideﬂ by 15
vere indicated in his vritten script. Hls verbalizations
deviated from his-wr1ttén script. T

Rereading and‘nlanning_etrategieexwere used while
:solving'prohlem df Recognlzing and indlcating verbally the
two surplus elements did not: guarantee correct solution,
although he could select the 1nformation ‘felated to the

question: Evidence was found 'in his verbal protocols that |

he involved h1mse1f 1n reflectlve thinklng by remaining

"silent after he finished r%ad1ng the problem once. When the .

researcher asked what‘he-wegfthinklng, he said: "I'm ‘
' thinking . . . I'm not sure, ha! But « « « " Then he )
‘remained silent-before continuihg:‘“l'm~trying to figure out
how much money he made for pick}hg peachee for 16 days and
earnedv384‘dollarswlact‘nonth. Th;t\g the answer to ‘the
question. “Right?" He interpreted the'queetionﬂnsking the.
amount of money earned in 16 deys for plching peaches but

did not attend to the vords "each day"'presented in the

question, ' Further evidence was found when the researcher
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e

continued to aak him what he thought. He reread the

"

, Problem: NS How much did he earn each. day for picking
peached 1.;£ month, Would be 384 dollaro. He focused on
the vords "peacﬁea” and "last iﬁith"‘vhigh vere sounded out
at a ﬁigher pitch and longer duration., When the'reoeqrcﬁor‘
‘asked hio why he would vrite down 386 as the angver, he’
confirmed that it told him thevimoont of money -ia. for
picking pﬂaches last month without specifying "each day"

He could indicate with correct.explan?tione that the
2 surplus elements relatiog to apricots vere not needed to
solve the problem, such as: "Cause the question never askedv

el

you to-use it . . QnQﬂ The informat;on that.he‘ea:ned 95
dollers for. ap}icots aod decidedqto spend 7 more days this
month._  So, that shouldn't be in there, at all.” Hovever. he
_ selected part of the numerical information given but ignored
‘a needed element (16 days), this fesulted in an incorrect
solution, |

| A plaoni;g straeégy‘was executed spontaneously wheo
he finished reading problem #3 orally once and paused 1nv
silencelﬁriefly. |

He noticed the twvo liseing elenente andICOllenteo:

ﬁWell.‘actually I couldn't find out the ansver to that

question . . . & Cause it says some books and then it says

9 of the books and 16 recof%e,‘ So, I've gotrto'find out how



many'b;ckl it hed and hop. much §hc books cost." Plan
.dqyclo;n;nt vas gllo,lhovn by his last statement about the
,uneédbd'iqfor-ltion for wvhich he was looking. Similar
evidence vas found vhen he stated: "I've gofﬁto add‘the
posters to the records, to the books. But I don't know how
many books thi:e aré « o o e Cauna,you nn;d more
infqruation." He initially said ;Qat he needed to’find out:
"How many books and how much would they cost . ., . . How
much does one book cost or &11‘0f them." He further

. 4 S
.explained that the problem could be solved if the two

misging elementk"we:e givgn by méans of making an
hypothesis: "Say.'tHefe'q 5 books and 13 dollars each.

" Then, I would add . . . multiply 13 tiﬁes 5 and plus that .

« o o I add thatrto the 9 books and 16 records, and add it
to the 7 postérs.f} He assumed that each book had the same
price and thought that the product of 1;&5 could be added to

——

the cost of 9 books and 16 records, If the cdst\of)all/each
of the 5 books waé found, then the cost for 9 of lhe books
would becomé*unneeded information.

His aasnmptibns‘vouid Be qnestiohgﬁie in such an instance; .
It was interesting tobfind.oﬁt thﬁt he integrated the
partillly provided data vith the question while he was
looking for the nisaing ele-ents‘ ", . . The school library.

ordered 16 recotds .« e o cost 270 dollars. But, I don't

[

2
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know how mary. books there wvere, 0,K. Then, it says hovﬂludﬁ,

»

‘would it cost for all the records, books, and posters." A

. ¥
correct solution vas reached. '

He decided on nn’.;{ih-ot#cal oporaéion\initdiatoly
and accurately after re.ding'pkéilcl #4, resulting in o
correct -olution. He could indicate thn tvo surplus
elements in relating to the qultion by stating the

information he did not use: "An average of 4 people live in

each uni; and 16 units on each floor . . . .. Cause the

question says how ma;}”people will be found in the buil&ing.b
not how mghy units or how‘mahy family, but how many peoéie;"
Another surplus element (130 units) was not recognizedﬁ
. his initiél exﬁlanation of adding 826 and 1A7lbeop1e
to solve the probiem was: "The’;ay to put them together that
would make sense. Wouldn't Qinus them or divide them. You
plus them." When the researéher asked him why he would
think that he needed to do addition, he responded' “"Why
not’" The researcher sought more .in- dgpth analysis by
asking him 3 mo?!~§mestions in chronological order: |
QEhat would this ansver tell you?™
,,Hg_replied: "It'11 tell me how g{g? people are
living in the buiiding." ' !
2, "Hov did you find it 066;"
He rep11ed: "By adding. By!adding 826 people to 147

people."



~

- " i
3. "Why would your add them up7"

ﬁe replied""To get the total of 973 people. :

.98

Aa teble 4a indicates. rereading, drawing a diagran.r

a

:making an hypothesis. and planning strategies were utilized'

',vhile solving problem #6. He did not’ recognize ‘one of the

missing elements. and made inappropriate hypotheses for

.

“problem resolution.:‘~g

»

»explained? "You«needfto know howhmany séatsuthere:are.

' Which seatg;fhatgpeople;filled ":4He vrote down theh'.
hinfOrmation required to solve the problem' proportion of
'seats filled. how many seats, size of bullding. size of |
»seats. and space bethEn rovs. VHe vag required to exp1a1n
fthe'meaning'of where Te seats fllledJ that he wrote. down: ’
-"Like, ‘there's 30 rows, you have to know how many 1n each

kS
row.'ls 30 100 ;-: . O K.. and how %any seats ‘and also the

He‘realized that the‘problem'could,not be solved and

"81ze of bu1ld1ng, and sige of seats," He could not tell why

-Qo ‘ ""«

it vould ‘be requ1red to knov where the seats’ were fllled to.

ssolve the problem. He erased the: sentence and said: "I L

-

‘\ . »

thought of something out of vasn't something. I thought of -

' I got the size of" seats. I knov how many there were . o . .

eomething relevant but wouldn t relevant e Like. vpen‘
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quldonft need it. . It's just extra information." His
véhengetOf plan did not indggete another missing element."
Tmé‘reeeercher asked him why he would need to know the

hdmbei‘of'seats (as shown in his wpitten‘scripta) in order

{
[

te solve the problem. He replied: "Becaese'l vould know how

many rows are and the size of the building. Oh! I also have
‘ N .
to . . . . Space dand rows or between rows . ... . O0.K.,'I

*have to know the size of the seats. jTo see how‘many seats
‘ %ill fit into the building.

I have.to see, the space betweeh the rows or the seats.f -He

actually could not indicate the m1851ng element relating to

/
the total number of rows, although one nf his hypotheses//

1nd1cated 1ﬁ‘h1s oral plan focused on the space between/fhe
rows. : , , o , . V.
¥y

He drew a dlagram ‘while explaining how to s/&ve the

problem if all the p1eces of 1nformet10n were' glveﬂ He

Lo

explalned that'lnformat1oy%regardlng space betveen rows was
needed because: "Say. theJSpace is 500 meters./eould be no
rqw. Like, could be aqy number.' Could be Just a foot and
fit more chairs in. The ﬁore”sﬁace between them, the less
_ chairs you can fit 1n..1 He: made an excellent attempt to
look for the missing infornation but inappropriete ‘

1hypotheses did not lead him to discover one of the l};Bing

‘elements. 2 : o'

—
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) ! ! .
With this subject, rereading,, making "hypotheses, and
planning dtrategies were most commonly used in'éplving the

six problems. The maj&f errors founa vere rélatedvto:

"1, selecting only part of the fequifgd numerical data as

“found‘in problem #2 with surplus elements, and 2. selecting

~data unrelated to the question and making inapprépriate
_hypotheses duking planning for préblem resoiution; for

‘ _example, in problem #6 with missing elements. . ,

AN
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Subject 4 (Female M.L.D.)
’ Task B e

/

Subject 4 was the femalehM;L.Dw; she vas a
., - i
12.3- year old 7th grader. Her p&e-asaessment results

N

indicated her a&hievement levels in reading, mne sured by

'C A. T.,~vere below average (5) in both reading vocabulary (4.

/
Lodn national stanine) and reading comprehension (3 in . '

national stanine) but were equivalent'to.S 4 grade level in

d1ng vocabulary and 3. 7 in reading comprehension. At the

)

e

fsame time. her pre-assessment results in mathematicsw also

measured by C.A.T., were below average in both_mathematics
computationh(Z) and mathematics concepts and apolications
(2), and equivalent to Sth gra¢€\1n mathematics computation
and 3.5 grade in mathematics concepts and applications.;-Her‘

class standing in mathematics was helow average (C-),

‘ whereaS‘hef 1.Q. scores, measured by C.C.A.T,, were above
. average in both verbal stanine (112) and non-verbal staning
’(103) The following analysis is based upon the data

’lndléaCEd in Tables 5a (cognitive strategies and task ;

Vs

performance) and 5b (error patterns) .
, Subject 4 could solve the two ordinary.orohlems

(prohlems'#lbano #5) quickly}and accurately, although'a

routine solution andhapplication(of an arithaetical

operation were indicated in her verbal protocols.

o
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»Téblq 5Sa: Cognitive strategies of task B performance

'Subject 4

Problems = - o 1 2 3 4 5° 6 Tofpl
8\ : .

Sﬁrsmegies L - S o .

a. Indicates planning o1 1 1 1 R 4

b.nRerends the problem' : 1 ' A 1

c. Restates the problem 1 . o ‘ |
 in own words L ' ' :

i . st v ‘\\ - - L. '-“,‘ﬂ' X

@i Draws a diagram \\\\ , - L : C ey

e. Underlines,
information given

f.]Makes systematic
~trial-and-error

‘g. MakeS random
" trial-and-error

h. Makes hypothe81s

i. Recognlzes surplus - :
© information . 1 1

Jo Indlcates surpfus,' ‘ ' , L
" information S : 1 |
k. Recognizes nissing}

+ informatien :

1. Indicates missingr“

_ informftion :
vn;AChecks/correE(Et\\\

step/s of sol
'OQutcome .

1 \ .
Verbalizations
correspond to the _ . ‘
written scripts 1 1 1.8 4

u




4

Table 5b: Ercor patterns

Subject 4

103

Error
Patterng

Problems

I T

Selects parts/all of

‘the numerical data,
correctly/incorrectly‘b

unrelated to the
question. '
Applies all numerical
data and/plans
incorrectly.

Selects data needed/.

"related to the
‘question but plans

inéorrectly.

Carries out more

than l-step for the
main solution.

Computational ertor.




104

For ekample; planning stretegy:vas indicaced while she was
resteting problem #1 in her own. words and vriting dnvn'the
numerical data giveny However, her exp anetionscfor |
:_chooging nultiplicatien to solve the'nroblen vere naaed upon
‘herhbelief that: lt‘che»tvO giyen nunbera'ar? two lalh
‘factors, 2, they are large numbers, and 3, they have to even
out. - There wes an indication of mechanically using a rote
ari;hmetical operation without_sufficient under&éandlng of
“the conditions pf the problem. Some elgebreic cerms vere
found in herjverbal protocols, such ae' "main factors" and
‘even out" although they vere unrelated and not applicable

e

to the question asked
| Asbis evident from Table 5Sa, planning strategy, and
random and systematic trfaffand error-vere utilized but
m1ssingle1ements were not ﬂetlced while solving problem #2.
Three whole‘numbers w1th‘simllar'numer1cel features ($768,
$35§ $27) were chosen, She decided to carry out & one-step
laddition immediately after reading the “problem orally., An

' incorrect answer was found at the‘beginning dueﬂto‘her
neelection of all numerical data witheut‘recegnizing»an;
miseing elements; On the other hand, she indicated that she
,‘ had all the information needed to ;olve the problen..but her
oral protocols did'not correspond to her vritcen scripts'in

’ terms of explaining her ch01ce of one piece of the numerical

data: "I used how much he took out [$768 was given in the

3

R
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problem] Oh! I did not, and how much he spent on his 1
. sister and.how much he spent on his bike ard how much he
patd for 2 records." Sne actually'hud used $768 to do~ )
addition in her written oolutioﬁ.‘ “ | |
, Both the atithnétioal operotion and plan uere.
éhauéod after ‘her initial tr;:ﬁi Hheu'tho researcher aaked?
her wh%¢ ‘she did with tuo chooen.tnfornatioo, she commented
‘that she shouldn't add the 3‘numericol data togethe . Her
explanations‘wgre: fFirot. you add them to find out hoifmuth
the total was . . . the two hete he spent., 1 added‘th:‘one
that he took out from his saving box and - I wasn't supposed
to do that. _You are supposed to divide by ‘them how much he
took out from hlS saang box. I choose 386 and 768." dll
numer1ca1 data applled were unrelated to the question and
planned 1ncotrect1y; this was shown in her 1nit1a1 written
: soript. Her change of .plan and arithmetical operatlon did
~not shift to produce a correct solution.ﬁalthough systematic
‘trial-and-error in terms of using multiplicationisteps to
find out. the product for the division vas found in her
‘written script. The product was 1. 989 in her written
scrlpt. The same answver was copied on the answer
' sheet, but she erased the decimal and changed the product to
198. 9th11e verbalizing: "He spent a hundred and

n1nety eight“and ninety cents." Her verbalizations of the

product did notvcorrespond.to her written answer indicated
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: e
on the answer sheet., Although shé explained that her choice

of using division in doing the last step of solution aimed

to find out the amount of money apent out of 768. the
problem was ;ctually miainterp;eted. as if it was asking for
the amount of money left. Besides, division should not be
used even if the question asked for the amount left. Her

second.plan also indicated strove for all possible‘

-qperatiéns without recognizing the missing'elements;.this

resulted in an incorrect solution.

Rereading and planning strategies were applied in
S

A}

‘,solying problem #3 but they did not guarantee a correct

- i

solutiop. Two major error patterns were fohnd; her
dncérrect selectiéﬁ of all numerical data, (some of which
wa§ unrelated to the question); and she uséd mofe than a;
one-step solution. Two of fhé surplus eleqenté (Two and 36
givén-in verbal and numerical features separately) were.not

recognized.

She initially wrote down 15. Then she reread the

-first 3 sentences of the problem before writing dowh 129x17

(15 was'g1ven in the prdblgm'butvnbt 17). When the
researcher asked if she used all the information given, sh;
said: "Yes. No, I didn't. I didn't use she has 79 U.S.
staipé and’36 Cﬁnadian stamps . . . . Because it wasn't

needed.  There are 15 stamp albums. 17 of them have 129

106
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1
!
- stamps in it, and 2 of them have 36. The guestion{~

The researcher continued to ask her what sghe did.',*h the

information she chose. She é&plainéd: "0.K.

Q §f9
and 36x2 and I added those together." Ton e "" A
indicate the infdrmation‘ahe choaé:."l éhiég 15 atadﬁ? @
albums, 129 stamps, 2 stamp albums with 36 stamps . .+ . .
You have to find out how many there are in the_ 13 and how
many qré in those two and then you add them togethe; to find
the answer," Shg actually used two surplus eiements (qu’
and 365 in doing multiplication; this‘was'shdﬁn in Sbth of
ger verbal protocols and written script; even thdugh in her
initial expiahation of the %nformafion chbsen,she said that
she did no! use the 36 Canadianlstamps.- Thus, she selected
numerical data anélatéd to the ngstion. 'She also
uhderstood that fhere'were 17 stamﬁ albuhs. She appeared
confuséd by two surplus elements (Two and 36), as expressed
in her vgrbal_expfgnation by means ;f adding them to tﬁe 15
stamp albums given.‘ ‘

Her oral protecols did not correspond to her written
scripts in relation to one piece of the numerical data given
‘(15>s§amp albums). She wrote down 15, 17, and then 129x17
in her written script, which deviated from her oral’
protocols. She mentiohed 153 17, and 13 stamp albums iﬁ

various statements of her oral protocols. The researcher

decided to ask her again what she did vith the informatibn
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"she, ghose for verifying such evidenbte. Ste reblied°'"0 K.Kg
took 13 and 129 and times them and I times 36 times 2." !
Researcher continued to ask* "Can you tell me the firat stepk
that you did with the inforuation you chose?" She aaid.
"129 times 17 equals 1903 and thea I took that and I ti-ea.
times, um'., . . 129 that T vanted and I got 1290. Then, I
~added those together, and I got 2193 and then I added 72
equals 2265."' She also exglalned tﬁat the reason for
addition in. the last step 6f soiusion'was‘becauge the
question'waS'a;king the éotal numﬁer éf_stamps in all the '
albums. . Actually, only tpe informafiqm tﬁat thgré Jére 15
stamp albums and that eacgialbum hoids 125 staﬁpé'&a; needed
to_soive this ﬁultiplication problem. Carrying oﬁt more |
‘than a one-step solution due to incorrect datarselection and‘
'plannihg led to an incorrect solution.

In solvinglproblem #4, she used the st;étegies of
systemétic trial-and-error as well as glaﬁning but she did
not recoghize a surplus element; this resulted in an |
incorrectnsolution.

She chose ‘two gi;?n numbers (748, 139) and deqidedA
to use division to solve the problem after-feading it orally
only once. Systematic trial-and—ér:of_wds used 4 times when
Applying multiplicat}on steps, accordiqg govher writﬁen.
script,, to find out the prodﬁct of division. When she

verbalized the answer, she immediately realized that it vas

incorrect: "So, 53 dollars and 19 cents. No; ha! O.K. . . ..
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I fdund out that ybu‘éan minus,it‘inltcad ofidividing'it{
Because Jf you paid 748’andhz1f of it was for his grocery
bill, then. you can«jusﬁ ninualit," Her oral explenations of
‘ information uséd vere: "I used 139 and 748 . . . and I
divided 1t.? When she was asked the reason for doing"
division, Ahe saié: "You don't. You're not lupppééd to &
.. I did it wrong. VWell, I thﬁugh; 80 é:cﬁuse of the‘vay‘
that it's,wr§tteniout thaf it mixed me up. Now, you havelto
- add the monthly rent for his phone and for‘his grocery bill

together (she had 139+414=153 in her wfitten script) and then

,
N 3

"you minus it from 748 . , . ." She also ndtich a surplus

- element ($110 for painting) that wFs'not needed‘for'tﬁe
solution: "Because he paid 748 for his phone bill.‘housigé
“rent, and grocery biii.J.The question asked how much did‘he
pay for just his housjng rent. It’tells you how much he
paid for his grocery bill and phbne‘bili but not £he'hbusiﬁ§
rent . .« « . I used the 748 and the 139 for his grocery

" bill and . phone bill," (He;'B?dcedures of utilizing the
b@osén information vere: "i added 159 and 14 tdge;ﬁer and T
‘é;t 153 . .'; . It tells me how much he paid for ﬁis phone
bill and grocery bill. Then, I subtract that;froq 748 and I
got the number that he ﬁéid for his housing rent." Her o
chanéé of plan did not lead to carrect problem résolution.

The difficulty was due mainly to her selection of a surplus

element ($14) unre}ated to the question, She also chose the
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data needed (5748, $139) for solving the problem although
both'éf her'plaqs vere incorrect.

| She}rrotg‘down 15;5 immediately after reading
problenm #6. WMissing elements vcrékpotyfocognizoq. " She
confirmed that she hgd all the 1nforn;iion needed to solve
;Hé problenm, lShe also é;ovided an explanatioﬂ for the
information chosen: "Ho;'hany he did. he did, the day of
thisiveek aﬁa how long he stopped doing thém for,. . « o« N
Becausg O.K.;‘therefrg ! 'days in a week and he stopped‘doin§
it for 2.days. So, that would be 5 days left and ‘you times -
15 timés 5 gnd that's how many he did this week." She chose
the data (more than 15 push-ups) reléted to the'question but.~
misinterpréted "a few days" as 5 &ays without recognizing
the missing elements; this resulted in an in;orrect‘

solution, o .

Planning strategy was applied inle solving four of

e g

th? probl?ms, but it did not éuaréﬁtee a successful solution
for most b!’thém. Only thg two ordinary problems (#1 & #5)
vere sql§qd correctly,‘becaﬁse_they vere simila: to textbook
prablenms apd wvere familiar from élass;bom instruction.

. i
Three major error-patterns wvere found most frequently as aheg‘

Al

solved the six problems: 1. selecting parts/all of the
numerical data, corréctly/;nco;reétly and yet unrelated toi

the question; 2. she carried out more than a one-ssjp

. "
solution, Both types of errors were found while solving

) I
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. problems #2 with missimrg elements, and problems #3 and #4
" with surplus elements; and, 5; Selecting data
needed/related to the question but planning 1nc0trcct1y vas

found vhile she vas solving problems #3 and #4 with surplus

elements, and probiem #6 with missing elements. v



3 ‘sand’f gk performance
among the Q subject C B .

l

The following analysis vas based upon the data in

o Tables 28 (subject 1), 3a (subject 2), ba (subject 3), Sa
‘ (subject 4), and Table 6 (cognitive strategies, .task

fperformance. and error pstterns among the 4 subjects). rThe
F

numbers found in the tsbles did not illustrate enything'-'

1

related tomthe frequency'of behaviors, but spec1f1ca11y'

indicated the presence‘of‘cognitiVe‘stratégies and task
: performance of the subJects.b‘ ied . '
,l. According to Tables 2a and Aa, the &4 types of

A

"~ strategies tgmmorly found in subject 1 (male'non-M.L.D.)‘end
ﬁSubject'Bw(malelM,L.D.) bhile they were performing -task A
vord problems were:

:a,'gplanning; , .
R : L ‘ bRy
b.. rereading the problen, T

I3

C.. systematic trial-and-error,
| dgv making hypotheses. |
>2, 7Sub3ect 1 could indicate all the surplus
;':elements in problems #2 and #4 and all the missing elements
found fn problem #6. | |
Subject 3 did not recogqize one of the surplus

elements in. problem #4 but he could indicate all the s

2
-

g_elements in problem #2 and all the m1551ng elements in

’ problem #3.‘ ey



Table 6: Cognitive strapegies, task performance,

- and error pattérns among the 4 subijects

) . o wd&étﬁl Evdats -
Subjects . : Non-M.,L.D. . ' M.L.D,
! " 1 2 ' 3 4
Tasks \ A S F@ A B
Strhtééﬁes N —
v el -5 4 3 4
b. 4 1 2 1
C. 3 2. _
a. B
é: 1
f. , 1 1 1 2
g.‘ . 1 B
h. ‘2f 1 2
i. 5 4T 1
j. 5 4 1
k. 2. 3 i
1. 2 3
‘me c L ™
OQutcome N ) :
6 3 5 4
y Efror ﬂa£térﬁs ' ! ‘ T
| 3 VRN .31 3 \
B, 1 S b
e I 1
D. . D T - 3

E. .
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3. Both subjects generated Hypotheses while solving
problems #3:and #6 Withl@issing eiéﬁénté. The male ‘ é?Q
non~-M.L.D, fﬁbjeﬁt made,inappfopriaté-hypotyesés'vhile
;;lvihg problem #3, and did not retoénize any missing

elements. Evidence of this was in his verbal protocols:

"Well, it says'here 9 of the books and jpsf agys some books.
1 .

o

»

-1 presume that 9 of the books is all the books . ... .
So, you add these up and you'll get the answef,'294

dollars."

-

On the other ﬁaqd, the male‘M.L.D; subjéct génerated
appropriate hypothe§es while éolviﬁg proﬁlem #j"with_missing
eleﬁengs; pﬁis was iilustrateq iﬂ His,Qérbal protocols:
théll, actually I couldn't fiﬁd outwthe answer fo tﬁat
qhést%on . e e s ‘Spf I'v$ got ;o find oﬁt.how man books.itm
had and‘hoﬁ;mudh the‘books~éost e « +. . Say, the;E{s 5 '(
'bo;ks and .13 dollars each. Then, I wouldqud o o e |
multiply 13,times 5 and plus that . . . . I-add tﬁat to the
9 books and lblrecords,'qqd add it to'the 7 pbsté%s." |
However, the male non-M.L.D, subject could indicate
"the.missing elements with appropriégephypotheses. Thi§ was
'illusfrated in his.oral plan while solving problem #6: "What
‘1 need to know is, maybe how many seats are found in each
Lroy. May be the§ can give ﬁe?there'r§‘7"rovs and 42 chairs
» wefe altogether.,:How'many seats are found in eaﬁh row?
wé11. you maybe divide 7 inio-az. ‘Maybe 6 td’eachvroﬁ."

.. The male M.L.D, subJec;_cdﬁldvindicate one of the missing

B
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V

elements (the total number.of-seats in the‘music hal}) but

‘he made jdappropriate hypotheses while trying to figure out

missing element. The inappropriaye hypotheoen he
indicated'in his written scripts vere: size of stage, size

.9

of building, size of seate; and space between'rowa.
A ‘ ,

His'vérbaf protocols also served as explanations of the
Eypo;hesee he generated: "Becauqe I yoqld.knon how many rona
are and the size of the building.“Oh! 1 also have to . .
Space and TOowS or oetween_rogg ; .« . .OQK.. I have to know
the size of the seats. To see how many seats will'fit.int%

the puilding, I have eo see the‘spece between the rows or
the seats . . . . Say, the space 'is SOOImeters” couid be no
;ow.' Like, could be any number. Could be just a foot ﬁnd'
fit more chairs in. The nore space betueen them, the .less
chairs you can'ﬁﬁi’in.? .

Both“subjects generated 1napproprlate hypotheses
wh11e solv1ng problem #3 (male non-M.L.D. subJect) and
_problem #6 (male M.L.D, subJect) They also failed to.
 eheok their,hypotheses but decidqii}o follou-their original(
voral plans; this resul?ed'in an incoriect problem
resolution. | d

4. A1l of eke verbalizations presented by subjecta
i and 3 correeponded to their'written 8cripts witn one
exception one segment of the verbal protocol presented by
subject 3 whlle solving problem #5 did not correspond to his

[

written scripts. His verbal protocols stated: "I take‘1$

1

-
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divided by 735 . . .. ." How;ver,'hié written scripts |
indicpted 735 divided by 15. His Verbflizatibﬁs were thus

, analyzed as deviating f:oﬁ‘his irit;éﬁ‘sﬁriyt, ‘ o
5. Aceofding to Tébléq 3a and Sa,_sn$Ject'2 (femalé
nkn-M.L.D.)fand aubjéct‘b (féhale.M.L,D.) shared 4 types of
_strategies in cOmmon whilé performing task B word problems:
A. .planning,
'b.r'refeadihg the problem,‘ .

c. restating the problem in own words,

d.. making systematib‘tria}éand—error.

- 6. Neither subjéct recognized any missing elements

in task B, problems #2 and'#6.»‘The female non-M;L.D.

- “subject did'not recognize any missing eiements in prouiems

#2 and #6 ;f any égrplus elements in problems #3 and #44
The femalé M.L.D., on the othé;.haﬁd; did not recognize one
cof the sﬁrpihs elements in prgflem #4.. An LXQmplg of the
femalé nonéM.L.D;?s‘failurevto'in&idate any missing éleﬁeﬁts
wvhile solVihg(problem #ijas illustrateq iniher bra;.plaﬂ{
‘g do gubtfact qdding to tﬁaf each of the numbefs.. . e e
How much hé spentlin 2 weeks. O0.K., he took out 768"
dollars. Then, hé;spgnt 359 dollars .plus he spent 27
' dollars . . . . You add the 9 and 7, 16.. . . 386.
‘Subtract froJ'76g'. . a ;_-Hétspent 382 doilars e e
; used what he spent for thé bike, the records, and skating

[

shoes. I subtracted it from the amount he took 6ut. Add

those two togethér." She selected all of the numerical data

3

RS

MRS
AL
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v by following a habitual paétern of arithmetical operation
'Qithout retogniiing anyﬂmis§ing elpmen;s.“Shevalss did not

réalize thé question asked for the amouﬁt of mongilabent but,

.notlhow nnch of it was iéft° this was found in her wrftton

ansver. Another example of the female M.L. D.'s failure to~
indicate any nissing elements while solving problen #6 wvas

illustrated by her oral plan' .. there re 7 days in a
' week and he stopped doing it for 2 days. 'So} that would be

5 days left and you times 15 times 5 and that's how many he

didvghis week.ﬁ' Shelmisinterpreted.the giveh informat;on'"a
.few;days" as 5 days without rec&éhizing any missing
eléments, resulﬁing in'ah incorrect solution.

Evidence of the female non—M L D.'s failure to
indlcate any surplus elements whlle solving problem #3 was
111ustrated‘in her oral plan:'"Q.K., Kristy,has 15 albums,

79 U.S. and she's got 36 Canadian stamps. You ddd'79(dnd 36
together, ;éhe's got 115 stamps and divide that into., |
Divide’IS into }15.“ She;actually used all of thé surpfus
eléments;‘fﬁig led to an incorrect problem resolution.
Evidence of the female M.L.D.'s .failure to»indicaté one of
the surpius elements thlg sqiving pfqblem‘Iﬁ-waS fdund in*
' ﬂer oral plaﬁ- "I used the 748 and the 139 for his. grocery
'bill and phone bill I added 139 and 14 together aqd I got

153 . . . . It tells me how much he paid for his phone

- bill and grocery bill. Then, I subtract Ehat from 748 and 1

got the number that he pa1d for his housing rent.
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An incorrect solution ues arrived at, due mainly to her
qselect}on of'avsurplus_element,‘sla. whicbxwas unrelated. to
‘the question. - | |
| ™ 7. Verbalizations presented by subject 2 in problem
.#6 316 not correspond to her written scripts. '
Verbalizations presented by both female subjects |
while solving.problems #2 and #3 did not correspond to theirr
written scripts. Examples could be found in‘the Eemale
non-M.L.D. subject while 'solving problem #2 She stated
| orslly: "I used what he spent for the bike, the records, and
skating shoes ... I subtracted it from the amount he took.
outl. Add those‘two together." Her written scripts
indicated that she carried out addition before doing
subtraction.. The actual procedure was’differeni from her °
oral plan. Another example could be found'es the female
. M.L;D.usubjectfsolved problem #3. She stated orallyr "y
chose 15 stamp albums . . « 0.X. T took 13 and 129 and times
them and l times 36 times 2 .‘rv;-129‘times 17 equals 1903."
Various statementsfin her oral plan mention 15, 17, and 13
stamp albums but the original information provided was 15
stamp slbums. She actually,wrote down 15, 17, .and then
129x17 in her vritten scripts;;this~deristed from her oral
protocols. | | | . |
. Both female subjects did not use the strategy of

checking. ‘this is ‘shown. in their verbal protocols and

)

‘written scripts., The female M.L.D. subject did not use the

3
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strategy of meking hypotheses, but the female non-H.L.D.

‘ - ' : i
subject made an inappropriate hypothesis While solving

v

problem #6. It was shown in her oral plan: "0.Kk. 12

T

push-ups each day every week. A few means 3. So 15 times 3

« « o i8 45." 'She hypothesized that a few meant 3 a%d did

' not recognize any missing elements in the problem, leading

z

to an incorrect solution.

: As a brief supmary, 3 types Qf‘stretegies most
commouly found:among the.subjects vere:

a. planning;
) b. rereading the problem,

C. eystemaric trial-aad-error.
The 2 non-M.L, D subjects and the female H L.D.
subJect shared the same strategy of restat1ng the problem in-
hlS or. her own words.

On the other hand, the strategy of making‘hypotheses

was eommoﬁly found in the 2 non-M.L.D. subjects and the male

M.L.D. Subject, but none of them checked their hypotheses.

Qualitative differences were indicated in their verbal and

4 t
N

written data.
- The mele non-M.L.D, suuject recoguized all the
surplus elements in task A, preblems #2 and #4 as vell as
the missing elements in problem #6. He did not recognize
all of the mlssing elements in problem #3.. The male M.L.D.

subJect qould indicate most of the surplus and m1551ng

elements in task A but missed one of the surplus elements in
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problem #4.. He also did not recognize one of the missing

elements found in problem #6.

-
o

The fémale non-M.L.ﬁ. subject'd;d not recognize any
missing or surplus elements in 4 of the task B word
problems. The fe;ale M.L.D. subject co61d not r;cognize any
éurpiué or missin; elements in task B; éxcept thaé she
indicated one surplus element in pffblem ta.

A distinctivextontrgst among the & Subjgct$ is that
subject 1 (malé non-M.L.D.) and subject'3 (male M.L;D.)
recognized most of the mlss1ng or. surplus elements in the
problems, but subject 2 (female non-M L.D.) and subject 4
(female M.LfDo)‘dld not recognize most of the problems
missing orvsurplus elementé. |

The 2 ordlnary problems in tasks A and B (problems
#1. and #5) were accurately solved by all the,'
subjects. ' , . o

‘(» _ All of the verbalizations presented by the male
non- M L D. sglject corgesponded ;o his written scripts.
Verbqg;zationS'presén;ed by‘the female nﬁn—M.L.Dﬁ
corr;sponded to her written scripts i;_3 out of 6 problems;
this was fhe case in 5 out of ‘6 problems‘for'the_;ale M.L.D.
subject and 4 out of 6 problems for the female M.L.D.

sﬁbject.
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Error pattgrns ampng the 4 subjects

The following analysis was based updn‘the.data in
Tables 2b (subject 1), 3b. (subject 2), 4b (subject 3), Sb
(subject 4), end Table 6 (cognitive strategies, task
performance, and error patterns among the 4 subjects),
.The analysis folloued the 5 specific error patterns. nenely.
Error pattern A: selects parts/all of the numerical
data, correctly/incorrectly related to the question,
v Error pattern B: applies all numerical data
and/plans incorrectly. - )
. Errer pattern C: seieets d;ta,needed/related to the
question bet plans incorvectly. '
| Error pattern D: 'carries eut more than 1 step for

s ‘ : . Y
the main solution, N

~—d

Error pattern E: computational error.
The numbers found in all the tables indicated the
presence of cognitive'strategies and/or'error patterns of

the subjects but did not refer to the frequency of

behaviors.

"As is shown in Table 2b,-subject 1 imale non-M.L.D.,)

.made 2 errors in problems #3 and #6 while performing task A:
a. Error pattern C in problem #3 (with missing
elements). o , T
'b.' Error'pattern E in problem‘#6 (with'missing
eiements): computational errorAin regrouping.

Al
¥

R
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Table 4b indicates that aubject 3 (male M.L. D ,) made
2 errors in problems #2 nnd $6 while performing task A:

a. Error pattérn A in problem #2 (with surplus
elements). ' | | |

b.  Error pattern C in problem #6.

Both subjects 1 add 3 shared error pattern C and a ~
-problem with missing elelentc. '

As is illustrated in T?bié'3b; subject 2 (female
non-M.L.D.) made 4 errors iq problems #2, #3, #4, and #6
while performing task B: ‘ | 4

a. Error patterns A and D in ﬁroblems'#Z,;#3. and .
#a. | BT

~In addition to error patterns A and D shown in
problem #4 (with missing elements), error pattefn Blwas‘aiso
found in the problem.

b. Error pattern C in problem #6 (with missing_\
elemgnts). ‘_

Table 55‘ind1¢ated that subject 4 (female M.L.D.)
made erro;s in probiems #2, #3, #4, and #6 while performing
tﬁsk B: |

a. Error patterns A and D in problems i2, #3, and
P, | |

b. Error pé;terﬂ B 1n’§r6§1eg #2 (with surplusf
elements). - ot

¢c. Error pét;ern C in problems #3, #4, and #6.
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* P
" Both subjects 2 and 4 shared error patterns A and D
in common ‘and problems with missing elements'(problem 12)
and'surplés elements (problems #3 and #4).

To summarize: efror patterns A, B, C, D, and E wvere
found in the tvo‘non-M.L.D.—aubjgcts. Error patterns C and
E were specifically found in subject 1 (male non-M.L.D. when
~performing task A) where;; errbr|patterns A, B, C, and D‘
Lwere_found in subject 2 (feméle non-M.L;D..while performing
task B). | | -~

érror p;tterns A, B, C, and D Q;reafound in;@he two
N.L;D. subjects. Error patterns A and C were found :
specifically in subjéct 3 (male M.L.D. performed‘tasglx).
whereas error patterns A, B, C, and D wefe found in squect
4 (female M.L.D. perfo;med task B). \ ‘

The two male subjects shared error pattern C __
‘"problems with missing elements found in task A,

The two female‘subjects shared error patterns A, B,
C, and D prbblems with missing or surplu; elémen;s found iﬁ
task B. |

, Erfoi pattern A was found:-in subjects 2 (fena;ev
non-M.L.D. in task‘B; problems #2, #3, and #4), 3 (male
M.L.D. in task A, problem #2), and 4 (female M.L.D. in task
B, problems #2, #3, Qnd #4). Error pattern A vas also.
related to problems with surplus elements (prqblem#,#?;;;;

#4 in the two female'subjects.»pioplem #2 in the male
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subject) or missing elementa.(problem #2 in tﬁe two female
subjects). | |

Error pattern C was found in all 4 subjects. The
same type of problemhvith missing elements vas also found in
.3 subjects (problem #6 in the>two male subjects and th;
fc&qle non-M.L.D. Qubjeci). wvhereas a probien vith‘sufplﬁs
eienents (problehs #3 ahd‘#b) vas found in the
:fémale H.L.D. sub ject. ‘

,a\JTo summarize the findings briefly, the Z subgects
executed similar cognitive strategies while performing
either task A or task B. Similar error patterns were most
distinct in the two female subjects (error patterns A, B, C,
and D) while they were performing task B and the two male |
subjects (error patterns A; C, and E) while they vere |
performing task A. ’The execution of qogﬁitive stragégies
‘might not 1ead(tq accurate probiem resolu?TBh‘\~Evidence
tﬁat s&rategie; of'planhing ang»making‘hYpothes;;\&q not .
provide a guarantee for accurate problem resolutign :Es
indicated earlier in the apalysid’of.cognitive st;:}egies.
The latter could be influenced by individual differences in
cogqitive control of: 1, recognizing surplug or missing
elements found in the tasks; 2. rechecking behavior; and/of
3. selective a;tention ;elating to analytic-synthetic
.mental activity hnd focusipg on‘heeded/unheedeﬁ information.

This leads to questions about examining indi#idual

differences in quality and flexiﬁility’while'those

¥
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individuals execute cognitive strategies during task

performance,



Py SR »  Discussion , ‘)_

t

This‘section will discuss the’tvo research questions
posed in Chapter 3, vhich focused on the executive processes
of strategies in relating to ‘the four subjects task

C . ) 8
perfo;Epnce. e :
. . . P . . § .
LY i - . N . R .

-

. * -Research question #1
. J*' . L. . , ) N o 7] .
v The first research questlon asked what and hoy-

/

:_cognltlve strategles vould influence the qualftgki
d1fferences,and 51m11arit1es of task performance.found among
: the’aserage-achieving'subjects,and the-mathematicallyf :

1earning’disabled‘subjECts. e “5.L
It was found that strategles related to plannlng,

o

rereading the problem, "and maklng systematlc trial and -error

Bl

'yere commonly used by all four subJects. The-strategy of
. > \\; - o .

restating the problem in one's own words was found in the

tw% non?h L~D, Subjects and the’female,M"L D. subjeCt,

v

whereas the strategy of making hypotheses was commonly found
'among the two non-N LiD' subjects and the male M.L.D.

ub t. Alth h th lannii trat
su jec oug e plann ng’§\£g e%?‘vas most commonly

. used by the four subjects, t didpuot guarantee'succeﬁsful"
solutions for/;:;EV?f“tﬁé/;joh&ems, ’This was also fouhdllnxf
the nale noneM L. D. (average achieving), subject,‘who d;d not
Arecogn1ze any. missung elements found 1n‘task A problem #3'

!

'even though he planned reread, and restated the problem 1n
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' his own46hrds.f He made an inappropriate hypothesis

resulting in an incorrect/solution. It would -have been

impossible to find out how or why incorrect problem

.‘resolutions occurred without a qualitative in- depth analysis

"‘of verbal protocols, written scripts, and error patterns.

' vThese three'najor evaluating resources indicated hov they

came.to monitor. cognitive strategies, which would be related
to: sensativ1ty, and to a dellberate effort to control

flexibly while attending to task performance.

P
‘J

With reference to the previous discussion on the
cognltive performance between L.D.s ‘and non-L. D S, presented‘

in Chapter 2, Brown and Smlley s (1978) explanatlons of the

’ansuff1c1ent knowledge or less

w

‘”disabled learners who have

.,;practice w1th how .and when to regulate cognitlve strategies,

Torgesen and Sllver s (1979) suggestion of learning disabled.
’1nd1v1duals who do not utilize the same cognitlve strategies
in task performance as‘thevnormals, and Wong's' (1982) |
comment of the learning dlsabled'u51ng a ~primitive"
.organized‘strategy provide scwe thougntS'for the.folloving
'diScussion. In addition,'Borkovski (1§85), Cawley'(1985),‘
Blankenship‘(1985), and Sternberg's“(l985).notioés on |
'strategidtransfef im}reiating toihigher-orderexecutgge
processing, proficieiﬁi,and consistency expressed in

various tasks and pe rmqnces; and in novel situations can

B ‘ - L : ‘,
be incorporated with current findings ofvthi% study.,
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The 2 M.L.D. subjects ntilized similar cognitive

L]

strategies to those utilized by the. 2 non—M L.D. suhjects

,

during their task performance. Differences vere fonnd'in
their styles of orchestrating the strategies and their
. efforts to attend to selective information required for
prohlem‘rssolution.‘ Reflective thinking behaniors vhile
performing the task were,most cdmmonly fonnd in sub;ect 1
‘(male non-N.L.D.)' and subject 3 (male M.LlD;) while
performing the task. The tno female subjects arerquite

different from the two male subjects in terms of indicating

~their reflective thinking behaviors while planning for. the
Cv! '
%solution steps. Examples of reflective thlnking behav1ors

\ “

in subJects 1 and 3 can be found when they were able to
relate ‘the questions to the 1nformation given in "the
japroblems. This reqyinpd‘them to analyzeghnd.synthesize
"”ESFIbus elements needed or not needed for ;;oblem
resolution, particularly for the prob ems with surplus.or
missing elements. On the other hand (subjectv2 (female
\ﬂnon-M L D.) did not recognize any missing or surplus_
‘elements presented in the fouggzpecific problems. Her error
patterns weﬂg found to be similar to those of" subJect 4
gfemale M,L.D.)ﬂ who recognized-only one surplus elemeat in
one of'the}problens. »It agpears‘that reflective thinking
behavior found among the Tfour snbjects*is,related'to‘

Qlindividnalvdifferencesvin co@hitive stjles; corresponding to

their.controlgof focus upon heeded or unheeded infornation,

ra
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Qﬁich influences their infentionai behaviers to monitor the
strafegies;'-Gerber (L983)Agives two'examples ofASehaviosa}
tendensies found among refleetive ;earners. Theae 1eerne;s
tended‘iq,scan‘the visual stimulgs in an orderiy and
obiiousl& deliberate menner‘po detect eategorical elements
or discriminative features. This was interpreted as

" ‘evidence of a specific eognitive seerch”stretegy. Anothef
tendency: was related to delayingvresponses while thiﬁking or
evaluafing solution altersatives; Both kinds of tendenc1es
“were apparentiy intentionai behavior. "Gerber also argues %f
'that strategles resresented the operation of cognltive
‘control processes that 1nf1uenced the depth of proce551ng
re_vqu1red to reduce -‘response uncertainty. Ul'rl (1982)
found that srocessing strategyb%gald also be in}lhenced‘by
an 1nd1v1dua1 s cognitive style wf%h“respect\to field .
dependence/lndepé%dence. ‘He explalns,that ;he
field-dependent learners‘wére'more likely te be overly -
sensitive tb mis1eaeing gestalt-like cues than fail to °

- utilize maximum pf0cessing capaci;y. This could be the
result’ of unfamiliarity with‘the’elements of'the‘task or
differences invexperience.- He stresses that‘cognitive atyle
tends to be a function of natural experience anh fahiliarity
with the task situation{ | o

' The poor performance found in the two female

‘subjects was mainl& related to their selection of gart/all

of the numerical data, related or unrelated to the questions
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‘(error pattern A), selecting data needed/related to the
question but planning incorrectly (error pattern C), and

earrying out more than one step for the main salution (error '

%fpattern ﬁ). Evidence was found that.the tvo female subjects

' shared error patterns A and D in common vhile both solved

" task B'problems #2'(olth missing elements) and #4 (vitn
surplus elements) They also snared error pattern C in-
common while both solved task B problem #6 (w1th miss1ng‘
elemengs). Their errors‘were also related to thelr number
crunching routine" approach to the problems. Examples'could
be found in the lemale'non-M.L.D. subject who;selected'all
of the nunericalldata unrelated‘to'the questlon, while
solVingfpnobfem;#Z nith misslng.elements; A habitual
pattern of using a "number'crunching routine"” was eoidenced;
The female N.L;D;'subject indicated hér "number crunching
routine"vpattern.while solving problem .#2 (with.missing
elgﬁknts) by means of applying’all numerical data as‘well as
striyin§ for all possible operations in her two different
plans. She did not recognize any missing elements. which.
'resulted in an incorrect solution.' Their major difficulty
“could be explained by Mikhal skii 8 (1975) comment that if
learners do not dwell long enough on the COnscious ‘mastery
of the conditions in solving mathematics problems, they
become adapted to a nabitual/mechanical rote-computational.

pattern for problem resolution v1thout analyzing or

understanding the cond1tions and questions presented
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Similar notions are shared by Wien (1983), Gerber (1983),

and Brown and Smiley (1982). Gerber (1983) further comments

<

on the poor performance found in the léarning disabled:.

The significance of the dysfunction, I believe,
lies in the need to detect "blind rule-following".
vhich makes the child, neither optimally efficienct
on a given task nor more adaptive with respect to
the range of tasks ‘he or she will encounter.

"(p. 259) ‘ : :

Another supportive argument can be traced by S
N\ ) . . .

féferring to the influential powér on cognitive development

of'cumulative'learning,and past gxperience, as»mentiongd in

Chapter 2. If basic conceptual knowledgé, such as

matheﬁatical facfs, is interpreted as a standard rulé. then
cognitive Strategies.may serve as.mechanisms of |
rule-querned behavior. .Each of the four subjegtS'has‘ﬁis
or'héf unique“rgpérﬁoiqe of conéeptuaL ﬁndyledge, as
indicated by théér results found in the&Cénadian Achieyement
Test and théir,current classgoom:perfqrmance. Qualitative

differences among individual subjects wére found while tkey

. . PR |
" were executing cognitive strategies during task performance.

'

This was particulaflj hoticeable when ;hey'vere solving the

‘two categories of non-textbook mathematics word problems.

Their poor perfbrmance;jayrbe related to insufficient

practice or less knovledge'df goal-directed cognitive

_strategies‘incorﬁorated with conceptual knowledge. Steffe,

Richards, aﬁd Von Glasserfeld (1979) suggestea that:
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concepts, structures, skills, or anything that
is considered knowledge cannot be conveyed
ready-made from teacher to student or from
sender to receiver. They have to’ be built up,
‘piece by piece, out of elements which must be
available to the subject. (p. 43)

3

Piper and Deshler (1985) supported a similar method and

- coimented that:

i

because of the rapid fire. pace to finish the
textbook by the end of the year or a given
‘grading period, limited opportunities for
mastery learning are afforded the LD student . . . .
Clearly, the presentation of a skill within

a curriculum carries with it no assurance of
mastery of the skill. The implications are
obvious; everyone is expected to learn the
same amount of information in the .same time
period . . . . As the LD student progresses.'
through the secondary grades the gap between
his/her skills.and the demands of a fixed
.curriculum become 1ncreasingly greater,

(p. 36)

Theapoor‘pérformanée of the two female subjects can
also be‘related to selective atténtion. Yhich inffhenceé how
an individual focuses or shifts from:focﬁs on rélevght
siimuli. ,Treisman (1969) also suggested'that apprbpriate
stra;egiesJafe Eeqﬁired in thg pfocesses of selective
attention. Krupski and Bryan (1981) proposed that there was
an interaction amoﬁg particular chiid, task, and setting a.

charaétéfiétics which influenced an individual's atgention.
'Tﬂeir idea is that voluntary attention has a stroﬁg

volitional component that féquires conscious monitoring and

effgrt. Exampiés related to~atten;ion vere goﬁnd among\

’ a ® . ' '
lthree subjects in this study. Verbalizations presented by

Subjec; 3 (male»M.L.ﬁ.) while solving task A, problem #5 did
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not correspond to-his written scriptgn as mentioned in the
data analys1s earlier. He d1d not deliberately attend to
what he was saying which did ‘not correapond with what he was
actually writing. Verbaliz;tions presented by subject 4
(female»M{L.D.))vhile solving tesk B, prqblem’#Z did not
‘ correspondltb‘her written scripts. This hes indicated when
she'verﬁalized'differently the number of stamp albums given
in the problem, This~also was mentiohed ihethe data
' analysis. A similar 1nstayce was found while subject 2
(female Hon- M L.D.) was solv1ng the same problem. She
verbal1ze§ that .the question asked the number of stamps in
all the.elbums, but her writtee ansver and verbal statementé
indicated'anEincorrect eo}ution given for the‘nﬁmber of

stamps in each album, o

.Oh the other hand: the'two M.L;D. subjects were’ﬁot
conside;ed as disorganized'during their task ﬁerformance.
Planning strategy apﬁlied along wiéh their vefbal‘protocols‘
and'wrigteﬁ scripts provide some evidence of this. As well,
subject 3 (pale M;L.D.) htilized the‘strategy of draying a
diagram while solving task A, problem f6. He was the only
subject who ﬁtilized such avstrafegy in this study. It can
be argued that indiyidhal ;;fferences are found in the
M.L.D;Oeﬁbjects. Subject 3 (male(ﬁ.L.D.) did not selve the-
. .specific bfoblem‘with missing elements entirely |

sﬁctessfully,'although he utilized the strategy of drawing a

diagram. His failure was mainly due to settinh:up
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inappropriate hypothesee. He was indeed well organized in
setting up his plan while looking for the missihg elements.

| Moreover. neither mediational deficiency (as related
to atructural deficienCy due to inabiliti'to employ
strategiesl aor production deficiency (as related to
atrategic‘deficiency duelto failure to use strategies) was.
Jfound in,the mathemati%nlly learning disabled subjects, If
it is necessary to redefiae'strategy deficiency based upon
its origiaal aCCent. it can be'suggested that;tae two female
subjects involved 1in thie study are operagﬁag at‘a lower
level of proficiency”and consistency while executing
strategies inflexibly for novel task demanda. A orief
review of related data will proceed before providing
supportive argument's already mdntioned in Chapter .2, '
Evidence indicated that some specific comqonalities in
strategies employed and error/patterns made uereifound‘in
both types of subjects, as illustrated previously.b It‘wae
dent{?ned earlier. that reflectirekthinking behaviors, as
expreseed_by intentionality to monitor task-appropriate
strategiea during the process of cognitive search; vere most
commonly found in both types of nale subjects.- On the other

%

~hand, both types of female sub jects seldom executed ‘
analytic-synthetic mental processes in order to relate the
questiops to the proble@s but were used to a habitual

~pattern of "number crunchiag routine" to approach the task.

Their cognitive control processes in relating to the depth °
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‘of processing required to‘redﬁce réspons? uncéfkainty and
éhe‘regulation of\tdsk-appropriatg strategies are less
flexible' and proficient than the two male subjects during
‘task pe{formhnce. The four subjects could solve all the
ordinary problems accurgte1y~with spontaneous
mathematical/épﬁputatiénal éactics. Difficultiés were
L_encountered whi&e solving Phe two specific cateéories of .
iﬁ;oblems with sufblus or missing elements.  Supplementary
information of the subjeé£s' current mathematics standard
-was also gained from'pheir pre-asses#ment of mathematics
concepts and the appLi;ation-test battery found in the
Canadié; Achieyement Tests., There are two problems: which
ask fo:&missing‘informaziog in a more obwious'wéy'éith'
multiple choices provided. "The 2 problems are:’
1. A jet travelled from Toronto to Vacouver in
5 hours. What more do you need to know to

find the average speed of the jet?
( 5 multiple choices were glven..)

’ | 2. What is the missing number?
' ' 27, s 3,1
. —_—

el

- Computerized results f;om the subjects indicated that ‘”?"
subjects 1 (male non-MxL D.) and 5 (male M,L.D.,) could solve
both problems correctly but subject 2 (female non-M,L.D.)
mlssed the second pRoblem and subject 6 (female M, L D.)
missed both problems. ’

Sterﬁberg'§ (1985)‘explanationé of distinctive

differences between autddbtic and controlled processes,

presented in Chanter 2.‘sdngest that an individual depends
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~op automatic, local processing when processing information
ffom a locally applic;ble knowledge béae in which
considerable éxpertiae is already acquired. On the other
hand, if an individual does not have much expértise vhile
proqessing information from new domains.,ihen controlled,
.global processing is necessary. The'con;rolled'pxoceesing.
functioning at higher-order, activa;eéﬂtﬁe
lkhowledge-acqui;ition'Components. functioning at
lowgn-order. to handle.the‘nev situations. The four
subjects involved in this study ?ould easily and correctly
solve the ordinary problems which depended primarily'on_
automatic proﬁeésing based upén previous knowledgé acqui}ed.
Besides, the ordinary problemé vere fam{liar frﬁhbclassroom
instruction. Declarative knowledge (knowing the task
charéctgxi;tics as yell as personal abilities)'and
procedural knowledge (knowing how io execute various actions
or proceduresf eie not sufficient if an individual does not
know when and why to monitor strategic behaviors ,
.intentionally to achieve various.tpsks demands and goals.
This was indiﬁgted in the‘subjécts'»taak’peffOrnance.
specifically with the novel problems with surplus or missing
‘elements. Evidence of this‘vas particularly noticeaplg in
;ﬁbject 2 (female pon-nathematically lgarﬁing di#abled) and
subjéct 4 (female mathematically learning disabled), who
frequently applied‘thé."number cruhthiﬁg routine” or the

"hiind rule-fnllowino”™ method to solve the th£ee tvoes of
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‘word problems-yithout pondering how and vhen to modify old
knowledge for new situations. The two subjects hnijized:
both‘deciarative and procedural knowvledge quite efficientlj
in solving the ordinary problems, but wvere ;ot proficient
‘enough1to know vhenkto exgcﬁte céﬁditionAI knqvledge for

+

. solving broblems with surplus or missing elements, They
¥ .
; o ‘
were more inclined to present rigid and inconsistent
7 ' \ ' . .
responses rather than take time to think and adjust

task-approp:iate strategies deliberately, At the same time,
Case's (1985) suggestion of strategy control ;eqy;reé a ;et
of globalfcdgaitive and affective processes‘ﬁﬁich are
domain- and expertise-related. It coincides with Cawle&'s
(1985)‘$nd'Blankenshi§'s (1985) ideas of proficiency and
consistency of accurate response in various time and

situations. Both female subjects' failure to detect most of

‘the surplus and missing elements embedded in the problems

’

appeared to be méinly\due to ;heir insufficient exeerience '
in :qnditional knowledge as reiatéd to both proficiency.and‘
consisfency in executing £ask—appropriate‘strategies vhile
confronting hovel problems.,

The twvo male sufjects demonstrated higher
proficiency and consistency in monitoring task-appropriate
strafegies. Their reflec;ive thinking process was utilized
ih'analizgng and sypthesizing informatiqn, and was

qualitatively different from the two female subjects.

¢
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‘If the two'ma&f sub jects wére consLdered 8s experts and the
two female subjects were considered aa novices. then the

fact could best be explained by Sternbers s (1985) idea

\

that:r

'+ Experts are at an advantage in their domain
of expertise, because their ability to stay
for longer amounts of time in the better-
developed local processing subsystem enables
them to free global processing resources for
what, to them, are new situations., Novices
are overwhelmed with new information, and must
engage global resources so frequently that most
of the new information that is encountered is .
quickly lost. Experts are thus better able to
handle familiar tasks within the domain of’
expertise, and also to learn new tasks, since
global processing resources are more freely
available for the intricacies. of the situation
confronted, , v -

The two male subjects' high proficiency #nd ansiStency.in
;heir task performance could also be related to Borkowski's
(1985) suggestion of strategy transfer upon making a
decision to modify previously learnea“knowledge‘énd
strategies for present«tasks demands. The same issue of
s%raiegy transfer could explain the two female subjects'
lowver proficiency and flexibilify in exgggfing appropriate
siraiegies for novel task demands. Gerber (1983) and
Swanson (1985) supported ;he'notion that the learning
~disabled vere'not strategically deficient but they were
_dnflexible in applying more efficient strat@gies.

It can be concluded that differences in flexlbllity

to regulate the cognitive strategies produ%ed qualitative

5
o
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differences among the four Qubjects although similar

strategies were utilized.:

Resear?h question #2

TheAaecond research question asked if coénitive

-

-

strategies would be applicable across the task perfoynlnée

e - N . {
on four different arithmet 1 operations and the three

major cdfegories‘of math probléms.

hat §0mé cogﬁitivé
strategies ;ere fou;d to be 1n common among the four -
?subjects, and between, two given subjects, suchlds the female
normal and female M.L.D. subjects, iq‘perﬁcrming the two
tasks. At the same‘time, reré%ding the problém: restating
the problem in their own wordé; making systematic ’
trial-and-error; making hypotheses; aﬁd planning sffateg;es
Qere mosf often found among the fbur'subjects. Aléhougﬁ the
gwo tasks involved three similar categories of mathématics'
probleﬁs and two different arithmetical operations in each
task, similar cognitive strategies were dti;ized by the -
sugjects. Thus, cognitive st;ateﬁies ;re-applicable across
.the two tasks. | | ,
~ However, thé application of similar cognitive

strategies does not guarantee successful solution of the
/

~problems. ]Thi% mainl} depends upon the subjects'_
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fle&ibility in regqlating theirlstrategies while choosing or -
integrating lnformation requiredffor problem resolution;v
'fHayes-Roth s (1977) concept of cognitive change and Senf 8
(1971). notion of information integration provide supportive ",
arguments. Hayes -Roth (1977) suggested that cognltlve |

change, influenced by the "to- be 1derned" informatlon.

4

‘,occurred as learnlng progressed. Senf (1971) explained that .
an 1ndividua1 acts on 1nformat1on by ass1mllat1ng it into
h1s/her ‘past cogn1t1vé<?kper1ent1al repert01re. An example
fcan be. found in the female M,L. D. sub£;2t s task performance
on task B word proble@ #2.3 She changed her plan for: problem

‘resolutlon, but her focus vas on the appllcatlon of .
farithmetical.Operat10n and numbérs glven: She d1d ot
recogniae any missing_elements§'nor could she inter?ret‘the
:question COrrectly.‘ She uas:not considered’aS-entirely‘

1nf1ex1ble, though her. bllnd rule follow1ng and number\

crunchlng routine approaches to the problem prov1ded
AW

ev1dence of fallure strategles. ,Lledtke (1979) explalned

that:
L A
_ A 5
some slow learners are excellent, 1ndeed. L
- at rememberjing all the rules they have ’ever _ 9,
“heard. - 0ccgsiona11y a young child will ‘ :
want to recite every knt&wn rule and then
~ apply these rules to the tasks on hand

in*what amounts to a random fashion., - o

oo (e 18y L w
'~These findings also support Ger“er s (d983) cosagnts.that
tactics are clusters of- skills or procedureg assoc1ated w1th

solving spec1f1c types of problems,»such as apply1ng the

o~
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four baS1c arithmetical operations for solving the ordinary
problems found in this study.’ He explained that strategy
referred to skillful, dﬁliberate, and coordinated use of
problem- solving tactics. This agrees with Lauson ] (198&)
suggestionvthat strategies vill facilitate task performanqe,
but there is no guarantee of successful solution of the. -

task. ~In other words, a strategy's effectiveness depends

L.

upon how flexibly it is applied and regulated

At the same time, productive thinking, 1n terms of

i !

iregulating cognitive strategies while confronting a novel"

4

task demand 1s actually required %or problem resolution.

' EProductive thinking as a ba51c channel that leads to

L

g gnitive search vas discussed in the last section of

’ 23

Y roductive thinking is the use of the ‘mind
, j_i;in an effective, intelligent, and creative way

- ¢7 directed™toward to solution of a problem.

- It is reflected in every type of human problem

: _solvghg « s + » It°requires that a large number of
' different\xhinking skills be-brought into play.
Which of these skills will be particularly
‘relevant 'in & given situation:depends on the
specific nature of the problem at hand.
Productive thinking . . . . may involve the skills:
of identifying the essentials of the problem.
generating. outcomes of the experiment . . . .-

The crucial point is that all these different .
thinking skills enter in some degree into all
productive thinking activities. (p. 2) e

%s ‘a brief summary. the qualitative differencesyand

.\-/'

¥

51m11ar1ties found among the four subjects are indicated by

4 .

the strategies utilized in,corresponding to: their error
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patterns, A strategy of checking/looking,béck-was not found
a@oﬁg;ail tﬂe‘subjects. Indiﬁiﬂggl digférences in |
aﬁptoéching the word problenms ﬁﬁd their unique ways to
‘regulate coghiﬁive sfrategies wh}le ;naly;ing ihformation
‘related té the questioné influencéd qualities of task
performance. Str;tégies thémg;lves.do not guarantee
sﬁcgessful proglém resolutidn{‘suc¢ess depends on how
fléxibly‘and proficientinStrg;egies are monitéred whilé

solving novel problems in various situations.



CHAPTER 6
CONCLUSIONS AND IMPLICATIONS

Conclusions ™ ' , \
konc.usiong 4

-

This study intended to systematically assess the

execution of cogni;ivg' 3. ﬁdes found among average
IJ ‘h .‘. ~

achieving and mathemat}cally 1earning disabled individuala.

The major flndings of the: present research indicated that an

i

individual's’ flexlbllity when monitoring task—appropriate
strategles 1nf1uenres the quallty of task performance. At
»ﬂhe same time, the results indicated that cogn1t1ve

1]

trategies are.applicable across‘the'task'performance on.

]

' four basic arithmetical operations and the three specific

categories of mathematics word problems designed for the

. td
9 o

study. ‘ ‘ |
| In lighttofftne researcn findings, SU}port is
provided for the notion that an inditidual's¥achievement of
task performanceAinvoivea mnchvmore thahn acqniring a | ;A
COllection.of COntent-oriented tactics, such as‘the,
computational skills required in performing some
mathematical tasks. It is indeed heavily dependent on how
.one regulates ‘one's own strategic thinking while aearchingi

for the direction of problem tesolution. - Polya (1970)-

, commented that the mastery of mathematics did not refer to

¢

'&
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an individuaL's ability to solve standard.problems,'SUCh as
the ordinary problems designed for this study, but that
nasﬁ!ry vas the ability ‘to solve thoae problems requiring a
known independence of thought. common sense, and A hd
inventiveness.l'Referring to the tocus of this study,
iPolya's commenta on independent thought are interpreted_as ,.
atrategic thinking and decision making. common sense is " R ™
explained as the resources of strategies available. and
inventiveness required,ip how flex1b1y ‘a lgarner conducts a
cognitive search for either ;elf generated or learned
Jstrategy, be it vell- established or to-be- constructed. In

- J
'this study. the four subjects ‘had their unique repertoire

of conceptual knowledge._ However, ind1v1dua1 differences in.'
quality and flexibility of strategy execu@fon and monitori g
were particularly obvious while they were solv1ng the two~
: categories of non- textbook mathematics word problems found
_.in both tasks.? Although the male non-M.L.D. subject could
rnot indicate one of the missing elements initask A -probleu
13, and the male M, L D. aubject did not notice a surplug
,elenent (problem #2) and a nissing elenent (problem #6)

, vhile perforning task ‘A, they both could relate most.of the
queations to the required information giyen in the problems.

In addition. the male M L. D. aubject was the only subject in

‘.this study who utilized the strategy of drawing a. diagram.

Y
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Be it a Self—geneQated or a learned strategy, he could apply

it flexibly énd spohtaneously while solVing”owe of thé

: g
p;§b1em§ with missing élements (problén“36). byt he made
inappropfiate hypothesgs_vhich léd_to an incorréct solution.
., On the other hand, ‘the two femaie subjects did not>reco§nize
| any m?ssing or surplus eiements %p thé fouf spg?ifié |
»problemé found in.tgsk B, with the exception that‘the female
%ﬁ.L;D.Zsubjectvcould indicate one of the surplus elements
found in task B problem #4; .Their poor performance was
related to a number of facts concerned with insufficient
pract;ceyor less e;perienée_at modifying goal-&irectéd
"cognitive’strategies‘in;ofporated viﬁh'conceptual.khowlédgé.
insuffﬂgéint‘éelecfive attention while focusing and choosing
informatiézé;equired for-problem'reSOIUtion. and o v
ins;fficiént'reflect;Qe thiﬂking behaVio;s.. Differences

+

‘found in the reflective thinkiﬁg behaviors amoﬁg the four
subjects would be related mainly to their indgvidual
differences ih cognitive stylés. These influencéd their
| ihtentiénal behavior to monitor thé cégnitivé strategiés
during ggsk perfarmance.' |
'Moreover; the research findings did no; support the
.%{ commonly accepted notion of sfrategic deficiehdy and
inactive béhavior in~t§ék performance. . There was’no-H
evidence éf strategic deficiency. as reia;ed to failure to

use strategies, nor inactive behavior found in the two

maﬁhematically learning‘deabled subjectsvwho'participaied.

s A
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L

in thia,study;.‘However. an expanded idea of strategy
deficiency could specify that the two female subjects vere
not proficient nor consistent enough to execute

task-appropriate atrategies flexibly. The female non-M.L. D

> 3

' -aubject perforned the task in en inferior manner when
compared with the male M.L.D. subject. This was due mainly
to the fact that ,she followed a habitual pattern of "number i |

crunching: routine” for problem resolution vithout dwelling
. . H . N B 4“
in deeper thought. These characteristics were marked by g

. o, [ ] . . .

;;’j:iggnee that her verbal protocols and error pat;ej*s vere
‘.ooncerned mainly with applying all numerical data, planning

" incorrectly, 'and striving for all possible arithmetical

operations.'.Boih female‘subjects did not initiate initial

metacognitive acts of pondering expressed by deliberate
[}
' intention to th1nk deeply before- executing goal- d1rected

strategie5u£or problem-resolution. Being able to follow the

- ,.\

-rules, such as. the basic mathematical facts, is no'guarantee'
for accurate problem resolution, wh1ch is related directly

" to rule-governed behavior., Scandﬂka (1970)vexplalned that:
an operational definition of vhat is learned °
must be formulated relative to a given class

. of rule- governed behaviors. Any such
definition must be based on performance on
a small, finite number of instances, and : '
if possible, should be applicable no matter '
how many test instances are employed. (p. 523)

;Furthermore;'Carpenter. Corbitt; Kepner,'Lindquist. and Reys
(1980) supported that position:'

problemvsolving is the process of applying‘
o R
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previously acqu1red knowledge to new and
ounfamiliar situations. Solving word problems

in texts is one - ‘form of problem solving, but
students ‘also should be faced with nontextbook
.problems ., . . . In solving problems, students
need to be able to apply the rules of logic
necessary to arrive at valid conclusions.

They must be able to determine which facts

are relevant. (p. 216) :
Syitching‘to the topic of inactive behavior during taskh
'performance; the present f{ndings. particularly from the.
data of verbal protocols and written scripts;‘did not
provide any ev1dence of inactive behavior among the
subjects. Although Keogh (1973) has cautioned that

: cognipive,styles only present'a spec1fic pattern and

organization of cognitive4contrpls. the possibility still

exists that if a learhpgck}beriences continuous failure,
that fulfills lowlachiovehoht expecgaqions, ano hhereby,_
‘fu;ther confirms.lou academic‘self-contgpts and inactive
llearnihg behavio;. ‘The findings indicated that the two malel
suhjects éore abie ‘to execute anélytic-synthetic‘thinking
behavior during task performahcglmore effectively than the
two femolé subjects, They were more pensitive to their
' inten;ional.ano goal-dirécted'efforts in deployiné
strggogies for pfoblems resolution,

It can be argued that knowing some_ségg;egiéE does'
not guarantee knowing how and yhen,to deploy thém flexib}y
and appropriately; Gerber (1983) presented supportive

,comments ‘that the learning disabled were viewed as strategy

1heff1c1ent or strategy inflexible, Would it be more

v



.,
\desirable to consider seriously Brown s (1978) notion of

recontextualizing school experiences by means of teaching

the learning disabled some learning strategies?

Implications

Educational‘inglications t !
The qualitative differences and similarities found

}

hY

;N in the four sgbjecte during ;heir tasks performances were
‘iﬁfluenced by e>number of fdctors-concerned"withbtheir
levels of profjciehcy in monitoring goal:airected cogﬁitiye
gtrategies correspondiﬁg to: the task ¢emend; the
iydividuel's repertoire of concebteal khowlegge; selective
attentiod; and reflective thirking behaviors. Suggestioﬁs‘
can be made on teachxng learnlng and th1nk1ng strateg1es.

) Several researchers advocate the teaching of netacogn1t1ve
skills that will hqlp 1earners. especially students with
‘learqfng problems, to use appropriate learning strategies
(Flevell, 1981; Keogh, 1977; Wiens, 1983). Flavell (1981)

giplqined the importance of teaching students to become

avare of and to maintain an awareness of their learning and

148
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communicating goals.‘ This involves the studen;s.in choosjng

means to a goal, and assesses the effectiveness of those
means vhile monitdring their performarnce. Flavell also
suggested teaching them how to evaluate detected problems in

learning and communicating. This provides an efficient way

,__/
\

to help studegts overcome their processing problems, if fhey



149

have any. Brown (1978) also claims the importance of
recontextuaiizing school experignces and '‘providing
meaningful edu;Ftional activitieé_for the learning disabled
by means of te;ching them metacbgnitiQe skills.
| Deshlg;, Scﬁumaker, and Lenz (1984) introduced 8
comp;ehensive%intefventidn model for learning disabjed
ﬁdolescents.;’Theff model encompasses five components
stressing miyivatgsn. skill acguisixion, generalization,
~ curricqlﬁm.{énd Fomﬁunication.; This section will highlight
some of tﬁe‘crigical nations.f,The motivation'compénent
plays an impbrtant role in théirAintefvention modél since
’thg learners have to be involved»fully in both the skiil .
aéquisition and generalization phases, If leafﬁing disabled
'individuals are inactive or lagking‘intrihsic motivation to
learn, this will pose a serious obstacle to teachers in
delivéring new‘s;ills-to them dr in expecting any cognit;ve
change. Brown (1978) cdmments that a léarner's attempt .to
control his/her academwic achievement would be vitiated if
he/she did not/belieﬁe'in himself/herself as aRr active agént
‘in knowing what there vas to know at school and had no
eXpectaﬁions of his or her Qbility to control task
performances. Meiﬁhenbaum (1977) supported tﬂe nofion that
cognitive changes are closelj relatéd to motivﬁtional and
behavioral processes. He does not separate affective and

cognitive components, since cognitive change should not be

seen with a purely "intellec;dal" insight. Goal-setting is



~also‘fouhd to be imgortant'invthe motivéfibn démponent.
Gold (1978) suggested that: //
goal-directed fhought invelves the acgivation
of an executive scheme which is a plan for’
solving particular problems encouhtgredﬂ (p.’ﬁl)
" Meichenbaum (1977) believeé that vhen gh individual
confronted a task, setting up challénging goals would‘make
the task more meanihgful. This would facilitate tdsk '
performance by’helping to maintain a’high 1eve1,of‘

attention. .

I3

The model also fqilows Meichenbaum's (1975)
coénitive—behavioyal.apprbéch for skill-ﬁraining, such as
‘self-monitoring, self-evaluation, and self-reinforcément.
It is believed thét self-monitoring allows an inﬁividhal to
attend delibéfately ;nd carefully té his/her own behavior
facilitated by se;f-verbélization of actions,
Self—evaiuation/correction is a discriminatiohlresponse, a
matching'which reveals the discrepancy between what one is
doing and what oné ought to Se-doing. A élo§e~match between
performance criteria and information frd@ feedback should
’resultfin‘soﬁe satisf;ction with oneself, while a large
.discrepancy will yield'dissatisfabtion. éelf-reinfofcement
is generated by the learners who are able to continue error
'correctibn-themselvés (Deshler. Schpmaker & Lenz, 1984}
Meichenbaum, 1975). Dennis, Foster, and Maxwell (1981)
taught goal-éetging; self—recording, anﬂ self-reinforcement

to some 'learning disabled junior-high school students.

i
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The results indicated that the self-instructional approach A

was time-consuming and it did not determine the effects of

&

treining on actual academic behaviors of the students. In
another study, Chatman, Johnsen, Tollefaon, and Trach

. !
(1983) taught learning disabled junior high students to set

realistic goels. develop plans, self-monitor and evaluate

_their performance, and accept responsibility for the
outc¢omes. Their results showed increased rates of
assigdment completion in the resource room and in the
regular classroom. The self-control methods were in effect.
The differences between the results of these two studies

may be related to how the self-cbntrol methods are delivered
by the instructors. On the other hand, Gerber (1983),
Heilahan and'Sépona (1983) duestioned the usefulness of
self-monitoring techniques, such as cognitive behavior

modification in academic remediation. Hallahan and Sapona

(1983) commeﬂted that: ‘

It is -our opinion that the self-monitoring
techniques work when children are working
on tasks for which they aslready have the
8skills. In other words;, we are skeptical
about how successful the procedure would

be for children when they are in the .
acquisition stage.of learning. (p. 619) .

. . / :
Cavley (1985) supported the idea that self-monitoring should

. be implemented during overlearning to stimulate reheareel

and for practice, ' _‘i} *

‘

Wiens (1983) suggested recontextualizing school

curricula by means of teaching the learning disabled a

%oan.
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system of learning strategies. It seems quite iikely that .
individual learne;s need to have flexible thoughts before
meaningful lu-‘*the‘lnaﬁt:icall.instrt'ulzt:iﬁ‘lmgirx's:'f This‘allovs
kthom'to relate the gi{eﬁ infprlation to their experiences
and knowledge that aireadf exist and can be retrieved frd;
~pe;ory.
The essence of natheqa;icb.is the abstraction of the
relational conténf.from which ﬁew insight w#liobe &eYéldPed.
e Jb, 15 important for individual learﬁers to expérience the
process aspects. of mathematics which,do not'emphasi;e'
perfdrming_tlassfobm assignmehts or‘sol;ing problems aimgd

P

at improving some known arithmetical skills or tact1c§x m  .gyf

Pieper and Deshler (1985) comment: on the chalk pnd talx‘“
g
approach" to formal mathemat1cs 1nstruc:ion. This ap&raa

the gromps. They suggested that:

-inséruction should, therefore, rigorousl
apply skills to real life applications,
solving situationd and word problems. .
The application of newly learned math sk
to real life situations is critical.
This 1nstructional practice necessitatqﬁ“’uhe’ﬁ .
understanding of concepts and then appli Q“i%n #
to real problem solving activities . A, ‘ﬁﬁe LD

 ﬁv\ .

\ &

generate strategies in math vhen left
owvn resources . . . . Through the tec &“
repeated asspociations and the experien
-reconstructing meaningful and fanilia.
exanples of ;the new concept, the nev &
itself becomes learned. (p. 40-41) w



'pre-requisite knowledge required be it declarative or
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Swanson and Cooney (1985) suggested that the learning
disabled ﬁighp learn many prescribed rules but fail to
transfornksinpie'gtrategiea into more ;fficient'for-a..
Thei; idéa can be exgahded to éuggest thif.tote infornation
is;best App&igd in a nean#hgfdl or simulated real<}ife
situation at the level of strategy tran;fef. This can be
done by meansvof giving th% learners as many opportunities

as possible to recdgnize related skills as a part of a

meaningful whole which can serve them.in real life., It is

definitely needed .to ensure that they have the sufficient:

'f
procedurql knowledge, to further develop strategy transfer.
R e
Two questions can be generated: % %?Can these strategies, be"”

theylléarned or self-generatea,‘abide with the learners if
théyrare not }egularlxhexercised? 2. Ho;'tan‘the learners
be facilitaéed to achieve far-generalization by meang of
taki;g these strategies with them into their real iife
situatioﬂs?

On the other haﬁd, the findings of this study
illustrated that the two specifiﬁtpoor performers,,subjeéta
2 and 4 (female average-achiever and fenale’nathenatically
learning di;abled). adopted a habitual patterniof nulberz
crunching routine" to approach the naghelatics vord
problems. Mechanical _decision of arithmetical operations
and product-oriented procedﬁ}es of solution were nost

s

commonly found in these tvo subjects but analytic synthetic
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mentel/processes‘andvsuEtafn attention were very seldomlfk
“found in these‘two s@hjects. ‘At'the-same'time. checking

‘ behavior, ﬁn terms of\re evaluating the results ‘and

operational plans or procedures. was not found im “all four

aubiectaw IQis may be due to the fact that calculatogs were”

[N

‘,Jnot commonly allowed ‘to be use "as a learning device in the

'classroom aetting.. The limitation of time a1l€ ed fog

xc0mpleting classroom a551gnments often makes the students
exper1ence~anx}ety for ‘task complet1on. It also adversely'/p
| o f v e
1nf1uences the learners to sustaln attention on the e

‘v
:R J :

. ) ) »/_‘
;1nformatron required fon task performance and to “de elop a 1_1/
_‘high 1eve1 th1nk1ng ablllty. ' ”

Ly ' Jn supportlng W1ens (1983) notion of 5
S / »
recontextua1121ng school curr1cu1a, the utlllzaﬂ}on of

[

calculators 1&\&
-~ “ : §

classrgom sett1mg may fac1lrtate the
. [ ’ .
~pnqcedures of prohlem'sglving., The f!nd1ngs of studles done

: uat the Shell Centre for Mathemat1ca1 Edu:atlon at Nottlngham

7Un1ver51ty in Br1taln suggest that calculators re1nforce the
. ] [t -

. ‘memory. of basic facts, reveal hev number re;iEﬁOHShlps and

1present a means of,\heéking the results of practice

’calculations and realizing erngrs in a\non threatening*way .

;‘.(Bell 1981) & At the same time, there is much literature

h ]

_vhich advocates the efficacy of applying the miéro computer
‘mas a‘learning devic 'particularly for the 1earning disab}eu~'

(Soodman, 1983 Grimes. 1981; Messinger, 1983).° It ha

' suggested kb tr o7

\',/(”_-” o -”‘,é.

been

-
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problem solving is a skill.that t

disabled need, and strategies
. problem solving can be adapted
' the computer ..... .. The abili

computer to hide the answers from the

student has actually made a decision that

prevents second guessing the system, .

as one might if the answers are fixed

or.retrievable from a fixed location

such as a textbook or workbook. (Schiffman, ‘

~Tobin & Buchanan,\1982. “Pe 558) o -

arning
to
y- for
the

Torgesen (1983) explained that micro-computers in the

, elassroom. -
nge ‘ : I‘ .
“Y# - ¢can present practice activities in a variety
of different formats that can help to
maintain interest. ;They also have an
= enormous capacity f%r sustained attention— . A
they can deliver as/ much closely monitored
" practice as each smudent needs. - Finally, they
. have the capacity" no both measure the time for
responses . /& . . which emphasize both accuracy R
‘ " and speed .could constitute unique contribution :
' of computer technology to learning dlsabled .
. chfldren. (p. 235) ' i e

S

'As‘well Schlffman, Tobin/ and Buchanan (1982) reported the

observat10na1 results of/a mlcro computer tra1n1ng program
- ) | “‘, w
%&or learnlng dlsabled sthdents done at the Johns Hopklns o

e

Un1vers1ty s Trainlng C ntre during the summers of 1981 and
.1982 These results provide evidence that sprorts
Vygotsky s (1978) notion of zong of proximal development.
It was reported that: ' |

vith'a minimum of instruction, the children
were able to write simple computer programs,
; indicating the presence of a previously
oo untapped high -level- thinking ability and .
: motivation, (Schiffman, Tobin & Buchanan, 1982
i p.>558)‘ . K

'.( SRR

uLester (1984) 1nd1cates that' g i‘_i gt
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basic yorld knowledge typically "is background.
-~-—experience-based knowledge which must be used in
~~_order to make sense out of the problem. Planning
knowledge enables the subject to "get a feel" for
vhat needs to be done. It helps the individual
understand what sequence of actions might lead to
- a solution. Strategic knowledge governs how. basic
world knowledge and planning knowledge are to be
> used ,in synthesizing a structural model of the
' meaning ¢f the problem. Strategic knowledge, then,
is metaknowledge that the individual uses to direct
the processes of. making sense out of a problem and
deciding what actions to take to get
a solution. (p. 62)

+

v

'Blshop (1981) and Monakhov (1981) inwroduced both\
cogn1t1ve and affectlve aspects of mathematical learnlng.
‘The cognit1ve aspect of mathematical 1earn1ng concerns anv
1nd1vfdual s thlnklng behav1or, whereas the affect1ve aspect

emphasizes the mutual communicatlon between the learner and

¥
the instructor'@ipressed in a dlalectlcal manner. It 1s
P ) ) P ' R}
advocated that s1mllar notlons can be applled to learnlng

and veach1ng cogn1t1ve strategleS' Motivaflon and °

personality are also~acknow1edged as adﬁ%&butes of Qual1ty

r’ v(}ﬂ ]

of task performance but they are beyond the SCOpe of this -

S study. However, emphasas on both cognit1ve and.affective .
. . : ) (oS ¥

‘suggested»in,the foliowing section for the

»

'espectsfvill(o;

‘pﬁrpoee‘of dev loping an“educationel nodel_of intervention,

Ag cognitive-dialectical
of intervention‘

Towar

ng disabled students are usually exposed to

PR SN

Leern
remedial stra egies that emph831ze vorking v1th their
veaknesses‘while i'gnoring their strengths, It is, believed
. . ' . . . .
: . . - R : e . . ¢
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to be more promising for researchers and practitioners to
‘ ’ »

devote their efforts to exploring by~what medns these -

. learners' strengths can -be developed nore fully. The ;’”

folloving discussion vill present some related concerned and

©oowill introduce a cognitiVe-diaIectical intervention model

‘

"‘with referenceé to the similar notdon'on lEdiated learning

experience shared by Feuerstein. Meichenbau-. and Vygotsky.
- }
Feuersteln (1979). Meichenbaum (1975). and Vygotsky'
& |

'(1978) addressed ‘the 1mportance of the presence of a more

13

capable mediator during the learning process. These‘
: q.q

scholars also emphasize the importance of learning and

’

applying spec1f1c rules or Strategies. The most distinctive

>

o 51m11ar1ty found among them is dialect1ca1 Sy

" academic "problems, Instructors translate cognitive,

1nteractlon/communication petween the learner and the

instructor who assxsts”the learner to explore..try on, and

'consolidate the conceptualization of the presented problem
} .

',-for task performance in order to produce new and more

[
E

adaptive behaviors and sk1lls. Meichenbaum (1975) explainod s
this approach clearly in his suggestions for treatment of ’

‘!?'w

PRI

strategies into sets of. self statements that can be nodeled“ ‘

s

vand rehearsed by the learners.,ﬁ tgnctors can nodel not

only\task relevant problem solvi%g elfLstatenents 80 that

'

the learners know how to cope with rusgrations apd failurek', -

wh11e d01ng a particular task, but Feugfé%ein (1982)

*

: stressed that tpe mediat1on for competence is one of the

- 4
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L criteria for a mediated'learning‘experience. He explains

ik‘ . " . . ' P |
gthat mediated learning experiences'are those'aspects in

5

which an adult selects and frames the external vorld in.
Voo '
' o%der to focus a learner s attention on those aspects that

“+

are most important. Vygotsky (1978) fhrther suggested that
.higher cognitive functions develop when learn;rs interact
‘vith other people in their environment. During Ty

interactions, morevcapable people serve as mediators who

introdpce stéﬁﬁigies for problem-solving.

Fed%rstein and Vygotsky share a 51milar model of

learning through 1nterpersonal mental process in which the

' learners play active roles in their environments. Vygotskv

(1978) suggested that mediators ﬂbcus t learner' s

attentidn on relevant dimensions of the environment and’

B

provide the tools. such as speech and memory strategies, for ft
problem SOIving. Feuerstein (1982) supported the 1dea that
the mediator relates the ‘hew experience to the previous
bevent and to those tha¢ will occur ‘in the future. The
~essence of Feuerstein s mediated learning experience is

based mainly upon the interparsonal mental process. 'He

-

4'explained that although the learners become active explorers

in the- gourse of their quest for knowledge of themselves and

the external vorld. it is the lediator vho shares his/her
intention implic1t1y or explicitly and helps to initiate

some specific activities or to communicate some thoughts.,

His conceptual model does not emphasize, as Vygotsky s does.

"

L] S ) L
o
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a

“the importance;of intrapersonal mental ‘processes, which.

allow an'fndividual to function mo;e independently'on
his/her ovn. Vygotsky (1978) argued that all psychological .
processes are initially social-shared betveen individuala-“
but the besni;;nterperaonal nature of thought vas gradually

ough experience into an intrapersonal N .

process. He vievs the mediator as holding a regulatory and

N learning function that leads IEarners X0 proceed with the

v

mechanism of internalization, from other- regulation to

Y
\

" self- regulation. - He described 1nternalization as the

internal recanstruction of an external operation. He

,suggested that 1nternalization, by means of soc1al RJ

1nteract10n,,allowed the generalization of learned skills

.from interpersonal experience, found between individuals. to,

)
<

1ntrapersona1 experience, operating within an individual."

vThls appﬂies equally vell to the idea of to—be—constructed

_and well7established strategies qﬁ advocated by Kirby (1984)

- and Lawson (1984)., Mediated learnfng experience'occurs'at

'1ntrapersona1 experience of stratggie%fmonf

*the 1n1t1a1 stage of the construction of cognitive

“strategies through interpersonal communication, or it can be

s@lf generated from obsérvation or nodeling., The

vl BN . g
self- regurated function of COgnitive stretegies operotes #ﬁ

>

spontaneously or automatically within~an individual once

‘the strategies are well eatablished. This will result in

correspondgnce to-task performance,_»eﬁ;}'fn

-
[ B
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Modél and verbal mediation are essentially
‘required before strategies can be well established they are
also/being executed automatically and appropriately for
various tisks demands, Deshler, Alley, Varner. and
Schumaker '(1980) also, supportvthe notion that modeling
-allows learners to witness all of the processes invblved in
'various strhteéiesl Meichenbaum's (1975) selfsinstructional'
nethods‘explein that‘observers gain informetion.fron a model .
and conuert.ltuinto covert’perceptual;cognitive images and .
covert nediating rehearsal respohses, thchaare retained by
the observers and later used as' symbolic cues to'overt
behaviofs. H1s self- 1nstruct1ona1 methods Lﬁclude exp11C1t
modeling of such mediating responses in the form of <
; self—statements that facilitate change in the learning
.process'snd.behévioral change. On the other hand,

Vygotsky's (1978) thesis also emphasizes the relationship /

betveen semantlc and behavioral components. fe explained

that: | . \

% E speech and‘ection are part of one and therame,
‘complex psychological function, directed. toward

the solution of’the problem at hand ... Children’

solve practical tasks with the help of their speech,

as ve!l &8 their eyes and hands. (p. -25-26)

He continues to explain t;‘ 1earners can use words devising

a specific plan, eearching for end prepering the neans that -

PR

vill be useful in problem !q}ving,~and planning for future R

actions, e ﬁuﬁ,}th

& ,).' ’ (iyr ,“
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Feuerstein's, Meichentaum's. and Vygotsky's notions “

of~1earning potential and mediated learning experience ought

to be takéﬁnseriously if apecial educators accept Vygotsky's
VMM v

(1978) belief that: .

[ pﬁ,

" Learning awakens a vdriety of developnental
" processes that are able to operate only when
the child is interacting with people in his
environment and in cooperation with peers,
Once these processes are internalized, they
become part of the child's independent

developmental aéhievement. (p. 90)

-

At the same’ time. Keogh (1977) and Gerber (1983)

have suggested that the 1earning disabled may not be

strategy deficient since they use a variety of responses at
their disposal. They may prefer or overlearn certain-

strategies which are applied inflexibly. Therefore;'it is

more meaningful for special educators to try to facilitate

. . B { . )
“the repertoire of these learners' strategies, and to teach-

them how tovregulate and deploy task appropriate

(o]

strategies flexibly.

Implications for future research

The descriptive case study approach, analysis of
verbal protocols, and error patterns presented in this study
suggest some alternatives beyond traditional. experimental

designs and-technioues. Qualitative data analysis based on

fen 1diographic method allows in ~depth studies of individual

cases. Covert processes “of 'strategy monitoring cannot be
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identifled'clearly byvquantitative and experimental
tothniques exclusively. At the same time, some cognitive
Cmatudiea analyze verbal ptotoools quantitatively,'focusing on
either‘correet or incorfeet tesponses. or the ;requency of |
certain behaviors. These provide very little‘insight as to
' 4
hov an individual performs a task. ., Homans (1962)‘suggeated
that there were neither good nor bad methods. but only
A'methods that were more or less eEfectlve in reaehlng‘the
.goals. A better questlon is to ask 1f the research method:
-matches.the ouestions asked. The suggestion ;an be extended
to employ a blend of both qualitative and quantltatlve
nethods of inqulry. A qual1tat1ve nspexperlmental design.:
“using verbal ahd written data to describé ‘the cognitive.
phenomena systematically observed and recorded in natural
settings, will provide‘a wealth of information which .
emphasizes eeologieal validitf; Some precautions in
collecting verbal.data.are generated from this study,»%uch
as: clarifying the instruction to verbalize by intnoduéing
‘probing questions but minimizing the'possibility’of
_interrupting the subjects' thoughts while they are thﬁaking

Y

aloud on their task performance- and further probin& %e
i

apecific questions, if required, in order to examin%@ ov
spontaneous responses vhich may not be verbalizedﬁby the
subjects themselves are produced,automatically.L;tlthough
the durations of the exact time spent for task perf@rmanef

are not available due to the introduction of probing
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questions during gask‘performance;‘hnd the genefaliiability
1 of theiverbal'proéocols is‘limited;‘the consisteﬁcy of the
, verbal protocols Qith empirical d@ﬁa,_aﬁchias thé written
" gcripts, as well as the design of ;bjective nethods of

encoding and evaluéting them. can overcone the dravbacks.
¥

To sumnariﬂn very btiefly. lediated learning

experience plays a crucial role in facilitating the

trangition of to -be- constructed strategies. through

intefpersonal communicatlon. to become vell—established

v . N
§ : . ‘ ,
;ﬁ;}tegies vegulated within the individuals. Following :

Vygotsky's (1978) concept of the zone of proximal

development, it is believed that cognitive strategies help

}
evoke the learne;s' actual developmental levels. .

"Academic achiewement requifes that students know how
to learn, not just what to’iearn. It has been noted that
not all learning disabled students are able to transfer the

skills learned from the resource room to the regular

t

classroom while approaching acadenic tasks (Schumaker,
Deshler, Alley & Warner.'i983). Sheinker, Sheihker; and

Stevens (1984) presented some cautions for utilizing the

-

" cognitive strategies training approach:

the cognitive strategies approach is not a
substitute for direct instruction, which '
has been demonstrated to be effective in
" teaching basic reading and math skills . . . .
Cognitive strategies should be a distinct, ~
well organized, integral part of the ‘
instructional sequence . . . . Mastery of
basic skills is prerequisite to acquisition
and‘'use of generalized cognitive strategies.
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In most cases, students with achievement

levels below mid-third to fourth grade will
~have difficulty generalizing the use of

formally taught cognitive ‘strategies. (p. 3)

In other words, haphazard use of the cognitive strategies

approach may result in adverse effects. . '//

This study suggests that the common assumption of-
strategic deficiency found ‘among the learning disabled needs
to beiredefioed and verified. " Cawley (1985) commented that:

the present literature in learning
disabilities indicates that no matter
what the’ comparison, learning disabled
children perform less adequately than
nonlearning disabled children. It seems

" that the research needs to specify the
conditions and tasks ufder which these
differences are minimized or disappear.
Without such 1nformation, it is difficult
to design curriculum and. instructional
programs.or to make astute placemenb

. decisions. (p. 57)

Suggeetion also extends to empioy a cognitive- or
process-oriented 1nstructiona1 approach based upon teaching
learning and- th1nk1ng strategies. The maJor tationale for
this lies in teaching the learning disabled to kﬁ;g how and
' vhen’to execute appropriate strategies acroes various kinds
of taSks and'situations:« It supports Case's (1985) notion
that individuals need ‘to have a set .of more glob.i cognitive
and affective processes which allow then to orchestrate them
properly, His idea can be applied to advocate facLlitating
the 1earners to.develop and generate insight as vell as

conduct their ovn cognitive and affective processes

applicable across tasks doneins and situations.

Al



Research focus on learning'disabilities needs to
shift from addressing the weaknesses }ound anong theae
heterogeneous special populations to exploring tﬁeir h
' strengths. How do the interactions of peraon.dtalk. and
-environmental characteristics‘influence the executive .
pncceaaes of strategies? .Hov do the M,L.D.s lodify flexinly
some learned or sel’f- generated strategies and a set of
.well- established tactics. such as the basic mathematics
skills, when confronted w1th novel task demands or . -
situations? Te what extent do the affectlve and cognltive
~aspects of 1earn1ng experiehce influence the quality of the
M.L.D.'s, task performance? If the~-proliferation of‘fuzzy
studies in iearningidisendlties can be reduced‘by'means o£

v - ' :
focusing on,narrowly-defined researchquestions and

clearly-defined target populations, thie becomes’ the mandate

of special educators and pfactitioners.
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‘ £ Instruction

Researcher will giv the‘folloving instruction
before sterting the'eﬁeeeom::tx '

04 Y ‘
v LI am interested in knoving how the 7th graders v111

‘think while solving some lethenetice vord problene. ,

-7

You are going to think aloud, vhich neans to
talk/sgy out loudly everything that comes to your mind,
'while writing down how to’ solve each mathemetics problem.

. You mignt want to use some scratéh?papers but be
! nré to write‘do;n each iten's,nunber. |
This is“not a test. No grades wil{‘beigiven.
DO'yon,hive.ang questions about the instruction?

>
s






1.

2.

v

. l\z ‘ /
\\ - o S N { ) ‘ .
. ‘“Zggk A~wor£;problgms' ﬁ\;g_'u‘~ L
Mr. Edwards paid $3260 for a steneo ‘set. o v ‘
He also spent $457 for buying a focking chair. o
. How much-did he pay in all? ‘ L e

Peter picked peaches for 16 days ‘and earned $384

" last month. e also earned $95 for picking .
How much did he earn-each .

day for pickjing peaches last month?
e : . . . \ : . ) ) ;

-

A school 1ibrary ordered 16 records, some books,

and 7 posters. 9 of the /books®and 16 records
cost $270., 7, posters cost $24., How much would

it cost for all the records books. and posters?

)’
A

e

A bu11d1ng has 826 people 11v1ng in ‘130 units.
An-.average of 4 peop{e live in each unlt.',//f¥//’
There ‘are 16 units on each flooru 147 more
peopls will move 1in' the bullding\thls month,

How y people will be found in the hu11d1ng°’*'

/

There are, 735 notebooks in 15 boxes.’ !
‘How many notebooks are found 1n each box'7 T

S

Many rows of,seats are found }n\a music hall.'
685 people filled up some of the seats.

How mary seats. are found in each row? (;}3



e |

Task B word problems . “  -

1. Mrs. Murphy bought-Zb'baga.of potatoes, :
Each bag has 83 potatoes. How many potatoes
.are found in all the bags? : : '

LY

2. Tom took out $768 from his saving box.
He bought his sister a‘birthday gift. and ' —
also spent $359 for buying a bike last week. .
,He bought 'a- pair of skating shoes and paid’
$27.for 2 records this wveek. Hov much did
~ he spend in 2 weeks? :

& i ' ‘

3. Kristy th 15 stamp albums. She has 79 U.S.

' stamps. 'Each album holds 129 stamps. Two of
the stamp albums have 36 Canadian stamps. '
How many stamps doei/ghe have in @11 the albums’

4, Jerry paid $748 for h1s phone bill housing

' rent, and grocery bill. He also paid $14,
monthly rent for his phone and- $110 for ~
painting the ﬂoor of his house. .The phfne
bill and the jgrocery bill were $339, %
How much did he pay for the housing rent”_

.. ‘
‘5. Lucy, had $2595 last week. She paid $628 for
buylng a T.V. How much did she have 1eft°

R 6., Jeff did 12 push ups each day last week.
decided to do more than 15 push-ups each day
this week but he stopped doing it for a few
ys. How many push-ups did Jeff do this ueeg?
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' General probing questions

1.
2.
3.
4,

' . ‘ ) : E T
| : . .

Probing questions: ' .

What are you try&ng/going to findlout?

Ho

T e 'you* going‘fo figure ‘it out? }

§What are you thinking?

How did,rbu get this answer?

P

Specific probing qusgioné for;ggoblems with

surglus info;mation‘ ,

'1.

Did you use all the information given?

If

‘.‘first question, then continue to ask:

. a’o‘

b.

c.

JIf

subject says "yés" after belng asked the

N A
-What 1nformat10n did you useV"‘- ’

Why would you need it to solve the. problem”

How/what d1d you do with the information'

/
you chose?

Why would you use addiuion/diviéion/r“
subtraction/multiplication to solve
the problem? . L .

Subject.says "no" aftgr'being‘asked the

first question. then continue ‘to ask:

€.

£

]
W

8.

1f

!
What information did you not usq’

‘Why didn't you use.it?in"

How/what did you do with the information

. . /
you chose?

subject indicates only 1 surplus element
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LI}

1n a problnmy\qfsearcher vill ask- o ‘ ;;)
se?

.'hm Was it the only information you didn’ t
Reﬁeargh;r will repeat aaking Queations e..f;
5 .and g if subject s?ys "ho" or ;hdicates'aﬁoﬁher
- surplua elenenb found in the same problem.__

R ~before continuing to ask: S
‘\:i. Why would(y%u use addition/division/
| subtract1on/mu1t;e}ication to solve
, the problé&* A
3%f subj@ct expresses verbaﬂly. "There is too
| much,&hformatioh" or "It is so confusing!",
| 'hReqearchgr-wlll'askz o

j. How are you going'ép figure it out? Or

k. What is so confusing?

o a

Sgeciflc grobbﬂg qgestions for problems wlth “
mlssing 1nformat10n. ;

1 . Do’ you. have all the information ‘needed to solve

e

ihe problem7 ‘ )
If subject says "yes" afté%ibe;ng asked the

.\g%‘fifst,quéstion.vﬁhen contiﬂue to ask:

a. Hov/what did‘yod do vith the information?

b. Why vould you use addition/division/

subtraction/nultiplication to golve

. the problem’,

¢. Do you think this problem can be solved?

" ”

1f subject says "no ‘afterubeiné asked'the'

187
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\ first question, then continue to ask:

\:,

-(Need to specify that incomplete aentences

L B B . 188
s ‘ . )
. . ” . L. "t

What informati nlarq‘yoﬁ looking for?

Cap ypu write down what you are iooking for?

will be accepted ) : W S
Why would‘you need it to solve the‘broblen?
Cen you solve the problem if ehis/these
piece/s o; information would be given7
This questlon will also be asked 1f subject

1n&1cates only 1 missing element for the

. same question as well as asking howv to

I3
o

solve it.

€

Questions e, f, and g will b repeated if

subject indicates another missing element J

found in the same problem.
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Cognit#ve stratepies and task gbrformagéé

<

6

Total

Problems _ < 1
’ Strategies.‘ - ‘ ~9//
a. Indicates planning ‘<

Rereads the problem f

Restates the problem
in own words

Draws a diagram

Underlines
information given

Makes systematic )
trial-and-error - N

<3

Makes random
trial-and-error

4 ¢
o

Makes hypothesis

‘Recognizes surplus

information

: _ ..
Indicates surplus
information

Recognizes missing -
information '

Indi;ates missing
information

Checks/cérrecté_
step/s of solution

OQutcome

VerBali;&pions
correspond to the
written scripts

\ 90
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ror n

- Prgblems

Error ' . e C
Pattérns 1 2 3 4 5 6 Total

_ main—solution.

Selects parts/all of -

. the numerical data,

correctly/incorrectly

unrelated to the

question., .

Applies all numerical .

data and/plans U . :

incorrectly., - , } ' ’ ¢

Selects data needed/ : _ :
related to the —_ ' .
question but plans -
incorrectly.
Carries out more . ' -
than l-step for the . )

Computational error.-
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Error a ns , ' |
A. Selects part-/nll (at least 1] surplus elesent)
of {he numerical data ql found in problems with
surplus/niaﬁing elenents. cbr}qccly‘or ;nco;rqctly;
unrelated to xhe question. | -
’ B Applies all of the numerical data vhich _may/may
not be related to the question, as found in prpblgua’v}th
éurﬁlus/miaging elements anq plans iﬁporrectly.
Plans 1ncofreét1{" | o
1. Misinterprets the prpblem and/applies data
with similar nnmerical/verbnl feature. For ,examples, $748
and $110 have similar ‘numerical feature. '15 stamp albums -
and two of the s%amf ablums have similar verbal feature.
2. Strives for all'possiﬁle operations (ét
) leaic two), inappropriate hypotheses, or nuherical/verbal
data but ;rodﬁces incorrect solution,
C. Selects data needed as foun9 in problems»yith

-~

surplus/missing elements but plans incorrectly (follows the

2 criteria for.iq;orrect planning sas mentioned above).
D. Carries out norg?than l-step for the main
solution. Systematic/randon triul-and-error using

multiplication ateps»to find out the producta of division

-problems will not be evaluated by thjs criterion.

-~ p
8 v

-
“»

NG
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A

E. Comphtationalferror-inclﬁdes:mistdkes found-in

Y]

cdfculation,'place value,“regfoupingland basic mathgmatical

. 5N A A v '
- facts.
h N
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. Yerbal protocols . | .
b ’ . ' "
Subject 1. . S=Subject R=Regearcher

Task A word problems: ‘:H. ' . c .

Problem 11 e ) ' \ s : !
'S: (Read the problem orally ). So, you had 3260 and 457
and you add“them up . . . So. altogether he spent
3717.

.R; Hdm,'Hum.

PR AT f

Problem #2 AR R RPN S

cay b
I L

S: (Read the problem orally ) Peter pickedlpeachesiﬁor‘
16 days . . .°> (Read the problem orally. Then kept
511ent after finishing his lst reading. ) R

R: What are you th1nk1ng7

.S Peter picked peaches . o e (Rereed the wholeli
problem.. Slowed down hlS oral reading speed )

R: Nhat'are you thinking? o o ;ogr;f
S: So, you '11 divide 384 by 16. Yap, I think that s ¢
-what I'11 do . » . That will be 24.. So, RN L

approx1mately he earned 24 dollars each day.

R: Did you use all the 1nformat10n glven? p

S Yeah.> I'didn't need ell that information.’
R What information did you not use?

S: I did not need to know hou many. apricots he picked
cause it doesn't ask that., It just asks how much
did he earn for picking peaches last month., I don't
need any of -these information. It’s just trying to °
~trick you. i :

R Was it the only information that you did not use?

S: Well, Peter picked peaches for 16 days. In these 16
days. he earned 384 dollars in that one month.“ Then
it-asks how much did he earn each day for picking
peaches. So, you divide those 16 days in 384 You
get 24 dollars for each day. ‘ L



So. was it the only information you did not use?

-

_Yap, because I don't need to know how many apfigota

he's picking or .anything or how much money that- he

earned. Cause the question is how much he earned

from peaches. So, that means I don't neéd all that

information. It's just trying to throv #n some = .
things. Try to trick you. -

| What infornation did you use? . -  ’*7

e I just used the information that says Péter picked
" peaches for 16 days and earned 384 dollars last

‘month. L
: Why ‘ you. choose the inférma't’io.‘n?
'LOQK;‘ t says Péter picked . . . last ﬁonth. Then; .

‘apricots that you‘ﬁid not use?

you read the other information. It says he also
earned 95 dollars ... How much did he earn for

picking peaches last month? So, you don't need the

information of apricots because it'is said'nothing

- in the question about apricots. So, you go up to

the first line. You read it over and then you see
that it says about peaches. Then, it says Peter
picked ... 384 dollars last month, That means how:

‘much he earned each-day for picking "peaches last
‘month,. So, the information/that s-in the middle

here about the apricots you don't need because
there's: nothing saying apricot in that question. °

So, you go up to the peaches integration and divide
16 and 384 and ‘you get your answer. He earned 2&

dollars évery.day on peaches. ' K

You said. that you didn t use any, information about
apricots, ‘What would be the informat1on about

)

Well, it's hov nuch it'd‘saying that in 7 more‘ﬂays -
he spent on pickingfapricots that month and earned
95 dollars for picking apricots. You don't nepd to
knov that. _ e ‘

Hum, . hum.‘

'So, why ‘bother looking at . that 1nformat1on,'vhen you
‘know this is all you need ; - f :

y
‘.

N,
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Probiem'#3' ‘ . o : o ,.»
‘(Read the problem orally.) O.K. 9dof the books and

16 records cost 270 dollars altogether. . . cost for
all the records, books, and postera? 0.K. Well, '
here put your books and -records. “You've gat- your.

" cost of two together. "You vould need to know is to'"

sdd these two together. So, you've got all your

_ information there for those tvo. Just add those up

. (Xept Silent.)

——

: What are you doing now?

I'm adding. i_;

: What afe’you adding? ’ 5 \\' X B
I'm adding these together: eause\f says how much " ;g
would it cost’ for all the records . ;,.

:‘Which these that you are thinking’ N ~

S: Well, it says here 9 of the books and just\sa some 2

‘What information did you use?*\\

books. I preLume that 9 of the books is all the
books. So, 16 records, 16 records. Your
information is right there together for the books
and records. Then, you only get your poster left:
and 7 posters cost 24 dollars., So, you add 24

dollars and 270 dollars. Whatever you get would be

how much would it cost for all the records, books,
and posters. So, you add these mp and you'll get

‘the answer, 294 dollars.

Do - you have all the information needed to solve the

_ problem?

Yeah! You have all the information because it gives
you 2 of your producgg things into one price. 2
Then, you've .only-got :::Z§\p oducts and your other
product and the price is rightsthere. So, you have
all the products together, } : ' -

I used my title that etarte.the problem which is a
school library ... and 7 pesters. So, I know when

it says 9 of the books and 16 records cost 270

dollars. Well, I go back to the top lines, It says
16 records. So, I know there's no records left. It

says 9 of the .books and then it says some books.



W;

e ™~ 200

A “

" It says 7 posters cost 24 dollars. So, I go back
- up. It says 7 posters, so I know there's no one oy

left. 1 ‘just add those up and get the price that'll

.~ be how much it all cost.‘_ . o

How did'ybu do vith the‘infornation %hat you éhobe%

: Well, it says 270 dollars for 16 records and 9 of

the books. So,‘that takes up to the top that's
here. Then, there's only one left. The next line
gives you the information about that one left which
is 24 dollars. So, you take 24 dollars of the 7 '
posters. The¢270 dollars for the records and'bopks.
You add them together.  Whatever you get, you'll get
your answer for how much it costs altogether.

Hhm,‘hum.'

Problem #4

S:

(Read the problem orally once. Then.reread it

orally again.,) So, that means you have got 826"
people living in 130 units. The question is how

 many people will be found in the building. Well,

826 people live there now. I don't think that it -
matters what the units right there. Then, it says
147 more people will move in. How many people will
be found in the building. Well, all these

‘information that the stuff again that you might '‘not .
~even need because it's saying that so many people

living in 130 units. An average“of 4 people live in
each -unit.  Well, that really doesn't really matter.

k But you go to ‘the question that says how many people

will be found in this building. There's 826 people
living in there first. 147 more come in.. So. I

" think you're just supposed to add them that'll give:

you enough information ... That will give you 983
people (Error-.made in placement value).

Did you usé'all‘the-infdrmation'givbn9

I didn't need it all. Cause I only used that it
says 8 building has 826 people living in 130 units.
It doesn't matter if I used the 130 units because
it's just trying to trick you by dividing,
multiplying or whatever you want to do with it.
Giving all these other numbers, throw them in,

Trying to trick you. Are just trying to make you

use those. Really all you need is to find out how

- many people living in that building altogether, It

says 147 more people are coming. So, you add those
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S

together and that' 11 be how many people will b
found in the building. ’ v

Can you tell me vhat'infornation did you not use? .
I don't need to knov the information of .so many"
people are living in 130 unita, but I do need to
knov hov many:people that're living in 130 units,
I don't need to knov how many' people are living in
each unit. T don' t need to know howv many ‘units on
each -floor. I don't need all that stuff. I just
need to know how many people live in that building
right at that time. If 147 more people are coming

7

201

in, then 826 and 147 should be added together. That =

~would be what'your answer is. ] : e

3

Why would you add these 2 numbers up, 826 and 1477

It, says a building has 826 people 11ving in right at
‘this time. Then,.it tells you there's 147 more

people .coming. The questiop is how many people will’

be. found in this building. That means how many
people are.gonna be starting to live in this place.
So. you add 826 amd 147, and get your answer.

s

)

Problem £5

(Read the problem orally wé11 there are 735
notebooks and there's 15 boxes.' ‘The question ‘is how
many notebooks are in each ‘box. 'Gonna to divide 15
boxes into 735 notebooks and it'll.give you the
answer of how many notebooks are in each box. 15,
5, 75 (1st systematic trial-and-error: 15x5), 15, 4
+o 60 (2nd systematic trial-and-error: 15x4), 15
times 7 (3rd systematic trial-and-error), 8 is 40 =

- (4th systematic trial-and-error), 15 times 9 (5th

systematic trial-and-error). So, that means that.o

._there‘s 49 books to each box. .

: Why would you.use ell these steps in doing

sultiplication to solve this problem?

2

Because I'can‘t.really tell myself what's how many
going to theat. So, I want to be sure,. So, I want

- to take all these numbers like 4, 5, 7, 8, 9 . . .

S:

end see which one that's exactly the number.

Problem -#6 - ‘ : ,

(Read the probleﬁ orally once. Reread the entire
problem orally again) Many rows of seats are found



" found in each row. Maybe they can give me there're

1 R ot .
in the musie hall, O.K.,'so that tells me that in
this music hall, a lot or many rows of seata are

found. 685 _people , ., . ' Well, I haven t got enough
information 'to tell me., ' Cause it just ‘says many

rows of seats . . . and then, it just ssys 685
people filled up some of the seats.

What~ infornation are you look&ng for?

I want to-find out how lany ‘seats are found in one
row, or in such and such amount of rows,., Then, I
was gonna to find out how many seats are to each
row, I haven't got any idea or 1nformation. It
just says many rows of seats. I don't know how many
is many really. Could be 6, 7.

: Can you write down the information you are looking

for?

:'I can't solve the problenm because I don't have the
information I need (Verbalizing the sentence while

writing it down )}

What information do you need’
The 1nformat1on 1 need is: I need to know (Reread
the problem quickly before continuing ‘to vrit&.)

. How . many rows have so many seats to get my answer,

[

o/

Is it the only infofmatioh yeu need?

Well, the only information I need to know., ‘I don't

need to know how many people filled up some geats,

What I need to khow is, maybe how many seats are -

7 rows ‘and 42 chairs were altogether, Hov many
seats are found in each row? Well, you maybe divide

.7 into 42, Haybe 6 to each rov.

'Wﬂy would you divide them? o

Because it's giving you that there's 42 altogether.
Then, if it just gives you that and it says 6 rows.
Hov many seats are in' each row, Then, you divide 6
into 42 and get 7.

202
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~Verbal protocols

éub]ect 2 S=Subfect  R=Researcher

Task B Vord‘problems;f

Problem 1

(Read the problem orally ) Hra. ‘Murphy bought 24
bags 6f potatoes . . . 24 times 83 . . . 1992
potatoes. '

‘

R: Vhy would you do multiplication in here’

S: Cause there's 24 bags of potatoes and each bag has
83 potatoes. in it, ) )

-

R: What numbher did you get? ' .
S: 1992 potatoes. . . , SR

R:'Hum. hUm.

S: (Read the problem orally ) Tom took out 768 doliars
o . . OK.' um. ! " R
‘..

R: What are you bhinking?

- S: I do subtract, addlng to that each of the numbers

(She actually did addition before carrying out
subtraction as shown in her written script).

R: What are you trying to find ouﬁ?‘;

S: How much he spent in 2 weeks. 0.K., he took out 768
dollars. Then, he spent 359 dollars plus he spent
27 dollars . . . You add the 9 and 7, .16 . . 386.
Subtract from 768 . . . He spent 382 dollars.

R: Do you have all the infornation needed to solve the
- problem? .

S: Yeah,

R: What information did you use?
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27

R:

.S

S:

: Why'ﬁould you do subtraction in here?

: Because he spent 386 dollars in 2 weeks. The total

'\ \ 204
I used. vhat he spent for the bike. the records, and
skating shoes. I subtracted it from the amount he
took out. Added those two together,
What are these tvo numbers?

He spent 359 dollars for -his. bike and 27 dollara for
2 records,

Whj would you add them qy? T

Cause to get the total of what he spept that | B }
can subtract from the total he took out from i@
saving box. I took 768 dollars and I subtractéd the’
totn]l which is 386 and I got 382 dollars that he
spent in 2 weeks. :

is 768 which he took out from his saving box.
What answer did you get?

o

382.

Problem #3

(Read the problem orally.,) . . . How many stamps
does -she have in al] the albums? 0.K., Kristy has
15 albums. 79 U.S."'and she's got,36~Canadian
stamps. You add 79 and 36 together. She's got 115
stamps and divide that into. Divide 15 into 115.

'15 times 3. equal (1st systematic trial-and- error)

v o 15 times 7 (2nd systematic trial-and-error)

e o + 15 times 8 (3rd systematic trial-and-error)

e o« o 120, s0o I go 7 . . . put a decimal. You go 15
into 6 . . . She has 7. 6 or estinate of 8 stamps in,
each album,

Did youhuse all the infornafion given?
Yap.
What information did you use? "

¢ -

I.used that she had 79 stamps from U,S5. and I added
that with 36 Canadian stamps, and I got 115 stzmps
altogether.. Then divided 15 albums into 115 stemps
and I got 7.6 or an estimate of 8 in each album,

Why would you do division in here?
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. S Cauae';hey_want to know the qﬁestion hoJ‘many stamps
she has in all the‘albums. .

R: Why would you add 79 and 36 first before 'you did
division?: ‘ ,

S: Csuse she's got 79 U.S. utanps and 36 Canadian ‘
‘ stamps. I wvant to find out' how many stamps she has
~altogether, , A .

R: What did you do with the ansver 115 in here after
) adding these two numbers up?

S: 1 divided 15. Cause she's got 15 albhms, and I
~divided into 115. I ended up_g\é;ing 7.6 or an
- estimate of 8 stamps -in each alb -

- R: Why would you have a remainder in here? y

S: Well, 10 subtracted from 115 and 105, Got.a 100 or
10 left. You have to put a decimal and go down to
0. 6 times 15 is 90 and then has 10 .left over.
It's just repeating as 6 on top. The answer is just
repeating the number,

R: What do you mean byhrepeatidg the number?'
.S: The 6 will keep going on. Proﬁ%bly will . take up the
'~ whole papei with 10 over again.

" R: So,, what would be the answer for this quest1on7

S: 7.6 stamps or an estlmate of 8 stamps.

-~ R: Hum, hum, o o >

Problem #4

S: (Read the problem .orally.) . . . The phone bill and
the grocery bill were 139 dollars. How much did he
pay for the housing rent? O, K., he's got 748 )
dollars total. (Kept silent.) .

REfWhat are you trying to find out”

S: He paid 748 dollars total. I'm trying to f{nd out
. how muych'he paid for the housing rent. I'take 14,
110, and 139 dollars. Then add toge hqr o o e 268
Adollars (She actually wrote down 263; and subtract
"from 748 dollars . . . He paid 485 dollars for
housing rent. . :
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' Did you use all the.information given?

Yap.

Uhat information did you uoo?

I uséd that he had 768, He paid tal 768 dollars-
for his phone bill, honling rent, ond grocery bill,
It told how much he paid for the monthly rent of his
phone and for 110 dollars for painting the door.

For the phone bill and the grocery bill added up to
139. I added 110, 14, 139 up and I got 263, "Then I
subtracted that from 748 wvhich was the total. I got
485, ' ‘

;
L

Problem #5

(Read the . problem orally.) . « . O.k.. 2595
subtract 628 . . : O.K., Lucy had 1967 dollars left.

R: Why would you use suotraction to solve this problem?
: Cause it asked how much she had left after buying a
T.V. She had 1967 dollars left. - N
R: Huh, hum. |
£

Problem #6

S: (Read the problem orally ) . . N 0.K. 12 push-ups
each day every week (The informatibn given was "last
week"). A few means 3. So 15 times 3 . . . is 45,
He had to do 45 push-ups for this 3 days that he
missed.

R: Do you have all the information needed to solve this
problem? , - .

S: Yeah. I have all the information. First sentence
said Jeff did 12 push-ups each day last week. 1
didn't exhctly need.

{

R: Why didn't you use it?

' S: Cause it asked in the sentence-how many he had to do
: this veek. He stopped for a few days. He had to do

" . 45 extra push-ups. So, I tried 15 times 3. Cause a
few means 3.

R: Why would you think a few means 3?

P
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Cause few. Like couplé is 2 and few means 3. Sum
is 4 and 5., So, I times 3 and I got 45 push-ups
that he had to do extra., o

Do you think this problem can be solved?

L]

Yop! . X

What's thﬁ answer* for that?

A2

45 push-ups, ' co
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Verbsl protocols -

~ Subject 3 SeSubject R=Researcher
Task A word problenms: =
Problem #1 '

S: (Read the problem orally.) Well, 3260 dollsrs plus
457 dollars equals . . . 3717.

R: Why would you do.addition here?

S: To add the 3260 to the 457. To see how much he paid
in all. So. Mr., Edwards paid 3717 in all.

~ Problem #2

S: (Read the problem orally.) Um ., , . (Remained
silent.)

R: What are you thinking?

S: I'm thinking w « .+ I'm not sure, ha! But
<+ o (Remakned silent ) : ¥

3

R: What are you trylng to find out? .
S: I'm trying to figure out how much money he made for
picking peaches for 16 days and earned 384 dollars
- last month, That's the ansver to the question.
Right? :

R: What do you think?

S: Well, ha! He earned 95 dollars for picking apricots-
‘eee (Reread the problem.) earn each day for picking
peaches last month (the words "peaches”" snd "last
month" vere sounded out at-a higher pitch and longer
duration.) Would be 384 dollars.

R: Did you use sll the information givén?
S: No. |

- R: What information did you not use?

S: The apricots. |

L4

R: Why didn't you use it?
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it question never asked you to use it. ‘
S A
d you write down 3847‘ o

i:jWhy woo}

S: That tells how much’ money he megz for pdcking
-wpeaches last month.v R

" R: You said that you didn t use the information about
~'apricots. .

R:‘What information about apricots’

S: The- information that he garned. 95 dollars for

apricots and ‘decided to spend 7 more days this
month. So, that shouldn't be. in there ‘at a11.

R: When you said that it shouldn t. be in there, what
mwere you trylng to: find out?

Sf Well ‘1T was trylng to find out how much money he:
earned for p1ck1ng peaches last month.

‘Problem #3

. ' IO . .
S:u(Read the problem orally. Kept s11ent for less than
4 seconds. ) Well,.actually I couldn t find out the
answer to ‘that questlon. It didn't say how many
‘books 1t had. : R .

v

[y

Rz Why couldn t you7 e S .

S:'Cause it says some books and then 1t says 9 of the.
~ books and 16 records. So, I've got to find out how,
: many books it had and how ‘much the. books cost. -

R: Can you vrite down the information that you are’
~ looking: for’ I will accept incomplete sentences.

'§: 0. K.. uhat I an looking for. How manyvbooks el e
R HOH much o ¢« ’ . g
e e

5¢/;3v'many books~and'how much theyveost;‘ L

p

R: What did you wtite;do?n?

R: You mean how much do ‘all the books cost’

\*S:»H@Qfmmch does one book cost or all of them.

@
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.'What does it mean by, here, "how moch they cost™?

(Indicated in his written script )y

How much the books'COst. 0.K., the achool liprary -

‘ordered 16 records . . . cost 270 doldars.'gﬁﬁts 1

don't know how many books there vere, 0.K. Then, it
says how much would it cost for all the records,’
books, and posters, So, you've to-add this, this, ..

_ this. But, I Qpn t knov this. o
What-are thq!,y : o ’ ‘ .'_ﬁ

A\

:. How many books. O,K., I've got to add the posters

to the records, to-the books. But I don't know how

~.many books there are.

Why would you need to have these 2 pieces of .

ipformation to solve the problem?

Otherwise, it's not logical. It doesn't make-aﬁy
sense, '

Why.wouldn't it make' any sense?

Cause it wouldn t work. Cause you need more

"information. You need to know how many books and

how. much would they cost.’

You mean how much would each book cost or how much

- would all of them cost? o -

Yes,

L 4

‘How much would each book'cost.

Why vould you need to f1nd out how much would each

,book cost? "

t

So, I add it together,‘qnd add it to the cost of the
records, and add it to'the cost of posters, or the- 5

some books. T . :
v . - . 1}

‘th vould you need to add all these numbers up?

To find out how much it would cost for records,

_books, and posters.

Can you 'solve -the problem if these 2 pieces of .
information are given? :

n

How? S
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.‘ . ‘
S: How? Say, there s 5 books and 13 dollars each.
Then, I would add ... multiply 13 times 5 and plus
~that . ., ., and that doesn" t include the 9,

R: Why would you multiply 13 and 57

S: Cause there's 5 bocks and each one cost 13 dollars, -

or just like be adding., Just like be adding I3 five

. times, but I multiply it. O.K., I add that to the 9
books and 16 records, and add it to the 7 posters.

Problem . d . o , - _
: (Read the problem orally.) O, K " Then,. I just add
826 people to the new 147 people' . . . So, there'll
- be 973 people liv1ng in the buildlng. -

R:yDld you use qll the information given?
S: No.:

.-

R: What information did you not use? , -

S: An average of 4 people 11ve in each unlt and 16 Lo
,unlts on .each floor. » '

R: Why d1dn-t you use them?

S: Cause the’ questlon says how many beople will be
found in the bulldlng. not how many units or hou
many family, but how many. people.

o

R:;Was 1t.the only information that ybu did not use?

i

¢
/

S: Um . . . Yes.
R: Why ‘would you do additlon for'these 2 m.nnbez's'7

Cause 826 people and 147 people. The vay to put
L\hem together that would make sense. Wouldn't minus
them or divide them.  You plus them. '

Why would you think thdt you needed to do addltion’

." o
oo

S: Why not7

R: What would this answer tell you? ‘
i

.St It' 11 tell me how mani\?eqple'are living in the
,bulldlng. S
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"R: How did you find it out? -
S: By adding. By adding 826 people to 147 people,

R: Why would yosiadd theh up?

S: To get the total of 973speop1e.
Problem #5 o ' - | 3 o

S: (Read the problem orally.) I take 15 divided by 735
« + « (735-15 vere indicated in his written_script.)
I'11 use scrap. Times 15 times 8 ,.. 120 (1st
systematic trial-and- error), nine! ( 2nd systdmatic
trial-and-error) . . . There 11 49 notebooks in.

“each box.

R: How did you find out the answer? ®
S: By division.
R: Why would you need to do division to solve the

problem?

S: To divide. Well, otherwise you'll just sorting out.

Like 15 sections and putting 1, 2, 3, 4 . ., 15 ahd

' keep going over that until you reach 735. Division
is,easier, - _ :

R: What'would this:answer tell you? 5

\‘.S: Thls answer &9 . It tells me how manf ﬁotebdoks are .
1n each box. Co :

'Problem #6

-

S: (Read the problem orally ) Many rows of seats o e
(Whispered while rereading the problemgﬁp :

R: What are you thinking’
S: I couldn' t_tellvyou the answer.
. -
R: Why can't you? . - '

s
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: What were you.thinking?
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Why can't I? Because there are many rows-.of seats
and you need to know how many seats there are. 'Um
+ « o which seats that people filled. Um . . . I
need more information. ‘ . +

Can you write dovn the information that you are .
looking for?

Where're seats’ filled.

Can you explain what does it mean by here, "vhere Te’
seats filled"? =~ © :

 Like, there's 30 rovs; you have to know how meny in

each row, 15, 30, 100, O.K., and how many seats and
also the size of building, and size of seats, o

- Why would you need to know where re seats filled’7

o

Un. I'm thinking that 1 knew it a minute ago, but I
don't know now. Um, I guess you wouldn t need tt. -
(Erased the sentence )

Why. would you change your mind?

I thought of something out of wasn't somethlng.- I

thought of something relevant but wouldn't relevant.

i R
Like, whew I'got the size of the seats, I know how
many there were.

: Why would you erase -it?

Cause you don't need it. It's just extra _
information . . . Just give me more ihformation;

Why would you need to know how many seats in order

~ to solve the problem’,

‘Because I would know how many rows are and the size

of the -building. Oh! I also have to . . . Space
and rows or between rows, :

P
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You were talking about you needed to know the
information of how many seats.

Righto Lo l A . ‘ ) '
So,. fou vere talking about the seaﬁs’
And how nany seats are, so that I'l1l know hov many
seats'll fit into the one building. O.K,, I'll have
to know how many seats'll fit into the gize of the

building. O0.K., I have to know the'size of the
seats. To see how many seats will fit into the

" building. I have to see the space betveen the rows

: Do you think if there's & stage? .

or- . the seats.

..Can you solve the problem if. all these information

would be given?

Yes.,

\ ‘
How? ¢

First of all see the size of the building (Began to‘

draw a dlagram ) See the building was like this

square, 500 meters. Then, stage came like this,
Oh! Yeh! May be they don't have stage. ‘Was it a
stage in there? : .

3

Maybe‘tﬁere's’a stage. Yeah, size of*s;age‘(Wrote’
it down) O.K. L

Why would you need to knbw the size of the stage?

See how much room that the size of the stage takes

- up that 500 meters.. Could be 5000 meters. Anyway,

then you have probably a row here, a row here o« o e
What are you draying?

3 rows . . . Each of these here,~rectqngle.-ie a
row, You got more rows like that. You have to find
out how much space between . . « herée and here.

Why would you need‘to‘know space betveen roqg?

Because, say the space is 500 meters. Cbuldﬁbe no
row, Like, could be any number. Could be just a
foot and fit more chairs 'in. The more space between
them, the less chairs you can fit in.

o : . . i : o]



R: Do you think this problem can be solved if all these
information would be given’ . '

S: Xeah. I do. o \
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.VYerbal protocols Lo
. §ub|ect 4 . s-Subject .R-Régearchgr ‘ ' :y.,

Task B word problems:

v

- Problem #1

»,

S: (Read the problem orally.) O0.K. There's 24 bags.

e o o+ 83 potatoes in each (wrote hovn the tvo
numbers). O0.K. There's 24 bags vith 83 potatces in
each., Then, 83 times 24 ... There's one thousand
nine-hundred and ninety-two potatoes found in 311
(started to write while verbalizing it).

R: How did you find it out’

S: 0.K. I got the 2 main factors., ] times 83 times 24
and I got the answer. ‘

R: Why would you need to do multiplication to solve the
’problem’
S: Because.it's a large number in<ehch; e

R: What do- you mean by a large number in each?

S: Well, 83 is a large number, so as 24. So you need
to times it. Because, if 'you plus it, it wouldn't.
come out, If you minus it, it wouldn't come out. .
‘If you divide it, it wouldn't come out, A v

R: Why wbuld you think so?.

S: Because they are d1fferent factors and they need to
even out. . : '

ty

R: What vould this édsvef tell you?

S: That there s one thousand nine-hundred and ¢
ni ety eight potatoes in 24 bags.

Problem #2 i : , oo
. : L : Lo
S:<LR!hd the problem orally. -Started to write down' 3
numerical date given: 768, 359, 27, but kept

3



- 8: Yes,

silent over 5 seconds.) O0.K.

"R: What are you thinking?

S: 0.,K. Nine plus 7 1a 16. 16 plus 8 is 24, 2
remainder. 8 plus 3-is 11. So, the answer is 11,
Ah, one thousand one hundred and fifty-four. (wrote

217

down while verbalizing) He spent . . . 1154 dollars

in 2 veeks. ’ -

R: Do you have all the #nformation needed'to solve the
problem? :

R: What information did you use?

S 1 used -how much he. took out ($768 was given in the
problem) Oh! ‘I did not, (actually she did in. her
written script) and how much he spent on his sister
and how much he spent on his bike and how much he
paid for 2 records. :

R: What‘did you do with the information you chose?

N

S: I added it altogether which I shouldn' t. O0.K. This.
You first add these 2 together (359+27) and then you
divide them by that (768) .

R: Why would you think that you have to do addition
first and then divls1on°

[

S: Wellﬁ I thought ‘that was how much he spent on hls
} sisteii%nd then you divide them by that.

R fHow would you figure it out?

S: You take 768 dollars. - Oops. (crossed out 768 in
her written script) 359 dollars and 27 dollars and
add them together. 9 plus 7 is 16 . . . So, it's
386 divided by, I mean divided into 768: 386 times
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2 equals , , . (1st syetematic trial-and-error)

So, 777 (She acctually wrote down 772 ) So, could

only go 1 . . . 9 times 6 is 54 (2nd
trisl-and-error). . . 8 times 6 is 48 (3rd
trial-and-error). It's repeated. So, 1.989.

R: What did you come up with?

S: He spent a hundred and ninety-eight dollars and nine
cents., No. And ninety cents.

- R: First, you: had all these 3 numbers -adding up and you
changed your plan to do pddition.

S: Yeah, | .

R: Why would you need to do addition?

S: First, you added them to find out what the total was
+ « « The total of these two. The two here that he
spent, I added the one that he took out from his
'saving box and I wasn't supposed to do that: You
are supposed to divide by them how much he took out
from his saving box.

R: Which number you said that you shouldn't use?’

S: 768.

R: And then later on, what 1nformation d1d you use
after chapging your plan?’

Si After I changed my plan? I used 359 and 27. _

R: Why would you need them? |

To find out how much he spent in all. And then I
had to divide the ‘number that, that e « o um, he

took out his bank.

What information did you choo;\\hext for doing the
division? ¢ .
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: Yeah, I choose 386 and 768,
: What did you do with the information that you chose?

I divided it and it came out with 198.90.

Why would you need to do division to solve the
problem? ‘

.To find how much he spent out 'pf 768.
[ 4

R: Wha: did you come up with?
S: 198.90 . , .
: What would this answer tell you?

: That he spent a hundred and ninety-eight and ninety

cents in 2 wveeks,

Problem #3

S:

St

R:
S:

(Read the problem orally.) Wy . . (Kept silent
while writing down the number.)

: What are you thihking?

I'm thinking that 0.K., she has 15 stamp albums and
" she has 79 U.S. stamps. Each album hold 129 stamps.

So, 0.K., it would be 17 of them hold 129. 129
times 17 equels... In all the albums, she has 2265,

Did you use all the information given?

¥

Yes. 'Nd, I aldn t. 1 didn t use she has 79 u. S
stamps and 36 Canadian stamps. .

: Why didn't you use them?

Because it wasn't needed.
Why would you think that it yasn't needed?

Because there are 15 stamp albums. O0.K., 17 of thenm
have 129 stamps in it, and 2 of them have 36. The
question says how | -any stamps does she have in all
the albums and that's the answer. .



- with 36 stamps.,

R:

\

.
&

¢ How did you get the number 72?7
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-’

: What,did yg%\do with the inforuation you chose?

0.K., I did 15 times. 13 times 129 and 36 tines 2
.and I added those two together.

Can you tell me vhat ‘information that you chose?

I chose 15 stamp albums. 129 ltanps. 2 stamp albdbums
» /,'

Why would you need all these information to solve
the problem’

: Because the stamp albums. You have to find out how

many there are in the 13 and how miny are in those
two &nd then you add them together to find the
answer.

: What did .you do with the information you chos&?

I, 0.K, I took 13 and 129, and times them. Then I_
times 36 times 2, ‘
. ot

: Can you tell me the first step that you did with the
. information you’ chose”

129 times 17 equals 1903,

¢ And then what did you dg?‘

: And then I ﬁook\that and I times, times 129 that I
+wanted and I got 1290, and then I added those

, together, I got 2193 and then I added 72 equals
2265, ‘

3

g

" \
s 727 ‘Oh! I times 36 times 2 and I got 72, Then, I

added those tvo together and I got 2265.

Why would you need to use addition to solve the
problem?
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To find the answver,
: , .
What were you trying to find out for the answer?:

How many stamps she hﬁd in all the ,albums.

Problen k

(Read the problem orally.) O0.K. You divide
5139 by 748 (wrote down 748~-139) and times 4 (vrote ‘
dowvn 139x4: lst systematic trial-and-error) . . .
139 times 6 (2nd systematic trial-and-error) ...
0.K. 139 times 5 (3rd systematic trial-and-error)
e o o 0.K., 139 times 3 (4th systematic
trial-and-error) . . . So, 53 dollars and 19 cents.
NO, ha! V‘OI.KO 39. ¢ e '

R: What did you ii:iﬂout?.
.1 found out that you can minus it instead of
\_dividing it, , o

R: Why would you think so? _ \/ R

S: Because if you paid 748 and half of it ¥ as for his

‘»w m w»m w

e

R:
S:
Ro

: Did you.use all the ‘information given?

.zNOQ ) . B

grocery bil], then you can just minus it.

¢ What information d1d you use at first?

: I used 139 and 748,

-

\

What information did you not use?

-

I used 110 for peinting his door and I*, ... Ont I
heve to add. I have to add 139, ‘

What information did,you use at first?
139 and 748,
What did you do with this information?

fs\ 1 qivided it.



R: Why would you need to do'diviaéon?

S: You don't. You're not suppased to . . . I did it
vrong. . ‘

R: Why vould you éhink so?

S: Well, I thought so because of the way that it's
written out that it mixed me up: Now, you have to
add the monthly rent for his phone and for his
groceryc bill together and then you minus it from
748, ' So, O0.K., 139 plus 14 equal . . . 153 , . .
So, he spent 595 for his housing rent,

R: Did you use all the information givep?

. .

: No.

o g /
: What information did you not use?

= wn

S: The 110 dollars for painting of his door of his
house. \

N ) )

R:®Why didn't you use it?

S: Because it wasn't needed.

R: Why would you think that it wasn't needed?

S: Because he paid 748 for his phone bill, housing
reht, dnd grocery bill. The question asked how much
did he pay for just his housing rent. It tells you
how much he paid for his grocery bill and his phone
bill but not his housing rent.

R: What information did you'use?v

S: I used the 748 for hov much he paid -for his phone
bill, housing rent, and grocery btll.,, The 139 for
his grocery bill and phone bill., - :

R: What did_you.do with the information you chose?

'S: I added 139 and 14 together, and I got 153.

R: What ;ouhd this answer tell you? »I mean this number
153. : : :
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‘*Pnoblem #5

R

How muych he paid for his phone bill and grocery

b¥ill./ Tmen, I subtracted that from 748 and I got

the number‘that ‘he paid for his housing rent. .

~

Why wouldgyou need to do subtraction to solve the
problem’ : : -

To find thp énswer.

L4

WVhat angtff?' L I '
: s ’ PLE . - “

>_‘

o
s b

What s that answer te11 you7

That he spent 595 for h1s hous1ng rent.

‘s

. S: (Read the. problem orally) 0. K., you take 2595 and
.you subtract it. You su%tract 628 from it . . . She
‘ has 1967 left. . _ . :
R: How did you find outvthfs aﬁ%Ver? ‘
S:‘I subtracted 628 f;om 2595
R: Why would you need to ‘do subtraétlon to solve the
probhem’ : : A :
S: Because it tells you that she bought a T.V. She had
! .2595 dollars and the T,V. was 628, So, you subtract
. .that 628 _from the 2595 and you should have how much
'she has ?eft.,;‘ ) : : :
~ Problew 6 "

@P (Read the problem oralltg)‘ 0.X. isytimés S .« o o Qé“

did 75 push ups. .

il
2

R: Do you have all the informatioifgge&ed»to;solvé the

‘s

"R: What informati%p did you use’

- problem’ ;

Yeah.

\ .

1

»

S: How many he did, he did, the day of this week and

~how long he stopped doing them for.,,

Rk\Ehat number d1d you choose”

o3
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: 15’5nd 5, - i
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sl

wa'did,you'gét this number, 57
: 0.K. There're 7 days in a week.and he stopped doing

it for 2 days. So, that uould be 5 days left and

' you times 15 times 5 and that's hov many he did this
week

Why would you need to do nultiplication to eolve the‘
:problem7 . :

Il

Because you.can't add them. If ybﬁ add thém.‘you‘il
get 20 and 20 is not correct answer. R

So, you think this problem can be solved?

Yeah. e
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,'Subject 1 L 3 o . Datéﬁl2¥1/<>7;/2%§— 

School: X

Name:

. Mr. Edwards paid $3260 for a EtereO'set.lHe also spent $4S7 for
.buying a rocking chair. How much did he pay in a]]"?#}Sﬁ}f”i‘,

;2.‘Peter picked peaches for 16 days and earhed'$384‘1ast month.
" He also earned $95 for p1ck1ng apr1cots He decided to spend
7 more days for picking apricots this month. How much did he .

"‘earn each day for. p1ck1ng peaches last month ? 15 6524/

3. A'school 1ibrary ordered 16'récbrds, some books, and 7 posters.
~9 of the books and 16 records cost $270. 7 posters cost $24 f
How much would it cost for all the records, books, and posters ?

— o
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4. A bu11d1ng has 826 people living in. 130 units. An average of
4 peop]e live in each unit. There are 16 units on each floor. 4

147 more people will move Yin the building this ménth. - ‘ !
How many people will be found in the:building ? o

953

e

5. There are 735 notebooks in 15 boxes. How many notebooks are found
in each box ? ' ‘ r

ay
A.@g-\t

6. Many rows of seats are found in a music hall., 685 pe0p1e filled
‘ up some of the seats. How ‘many seats are found in each row ?

S’ Cané\ \Ab(-«( *H\apﬂo&m bmmm;‘ & dNJ "“a

:\M \W\-E-Mafw—,—,&ﬂwu 8'Mu,c{"co ﬁw

W*cn4j e, Y
'uﬁj noue & o e
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Date: //7/473’

Name': Subject 2

School: X

-

)

1. Mrs. Murphy bought 24 bags of potatoes. Each bag has 83 potatoes
How many potatoes are found in all the bags ?

\,Q\C\} p@*c(\oé

2. Tom tobk out $768 from his saving box.He bought his sister a birthday

k » 9ift and also‘sbent 3359 for bd§1ng a bike last week. He bought a pair
of. skat1ng shOes and pa13~$27 fer 2 records this week.
How much d1d he spend in 2 weeks ?

r\;c,?c?i\%a A

B

3. Kristy‘has‘ls stamp albums. She has 79 U.S.,stamps; Eath_a]bum'holds
129 stamps. Two of the stamp albums have 36 Canadian stamps.
' How many stamps does she have in all the albums ?

7- (oor g’ﬂ Wl v
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A3
)

‘41 Jerry paid $748 for his, phone bill, housfng rent, and grocery bill,
He also paid $14 monthly rent for his phone and $110 for pa1nt1qg
. the door of his house. The phone bill and - the grocery bill
‘~  were $139 How much did he pay for the hous1ng rent ?

N

5. Lucy-had $2595 last week. She paid $628 for buying a T.V.
How much did she have left ? -

N

6. Jeff did 12 push-ups each day last week. He decided'to do more than
15 push-ups each day this week but he stopped doing 1t for a few days.
How many push-ups did Jeff do this week ? ‘

75%0&4(/@@ - '
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Name: __ Subject 3 . Date: /75/;25§/§?3f:

" School: ¥

1. Mr. Edwards paid $3260 for a stereo set. He also spent $457 for-
~buying a rocking-chair. How much did he pay in all ?

v |
Fgtr -

g3117

2. Peter picked peaches for 16 days and earned $384 last month.
He also earned $95 for picking apricots. He decided to spend
7 more days for picking apricots this month. How much did he
earn each day for picking peaches Tast month ?

o ,53'84~
| | .

/
; Ij oY
3 A school library ordered 16 records, some éioks, and 7 posters.
9 of ‘the books and 16 records cost $270. 7 posters .cost $24.

How much woudd it cost for all the records, books, and posters ?

1

h , .
Ow h’\C(ﬁf 600“,5
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4. A building has 826 people living in 130 units. An average of
4 people live in each unit. There are 16 units on each ‘floor.
147 more people will move in the building this month.

How many people will be found in the building ?

‘g 26
I 47
7173

5. There are 735 notebooks in 15 bd‘xes. How many notebooks are found
in each box ? ‘ '

6. Many'ro.f seats are_fo‘u'nd in a music hall. 685 people filled
up some of .the seats. How many seats are found in each row ?
¢ S .

M : \\,
5' Z ¢ 0l 5 ffﬁe
hc .
Iw m any Slequ
5’26 0{ Du/Dfﬂj
Y12€ of  Sects

Sf)qct Gef;-qéh YOlu.)"
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Namé; ~ Subject 4 | ‘ ‘ | Date?iy?/£2j2/32§—’v

Y

School :

1. Mrs. Murphy bought 24 bags of potatoes. Each bag has 83 potatoes.
How many botatoes are found in all the bags ? ' ‘

14a) potodroes Sound In »

(=

2. Tom took out $768. from his saving box. He bought his sister a, birthday
gift and also spent $359 fortbuying a bike last week, He bought a pair
of skating shoes and paid $27 for 2 records this week. .
How much did he spend in 2 weeks ?

hespérﬁ' Iy 54.00%, Q\\oo.cks;

3. Kristy has 15 stamp albums. She has 79 U.S. stamps. Each album holds
129 stamps. TWo of the stamp albums have 36 Canadian stamps.
‘How many stamps does she have in all the albums ?

. 22¢5
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1

4 Jerry paid 3748 for his phone bill, housing rent, and grocery bil]
He also paid $14 monthly #ent for his phone and $110 for painting
the door of his house. The phone bill and the grocery bill
were $139, How much did he pay for the housing rent ?

 as Sehou® ngeet

5. Lucy had $2595 last week. She paid $628 for buying a T.V.
How much did she have left ?

f‘ o | V\ Q 67 ..

6. Jeff did 12 pysh-ups eaéh day last week. He decided to do more than
15 push-ups each day this week but he stopped doing it for a few days

How many push-ups did Jeff do this week ? ihk

he A9 75 pushaps
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