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Cboggrating Agencies .

1 . ‘
" * Were it not for the cooperation of many agencies in the public
and private sector, the research efforts of The University of Kansas
Institute for Research in Learning Disabilities could not be con--
ducted. « The Institute has maintained an on-going dialogue with
participating school districts and agencies to give’focus to the
research questions and issues.that we address as an Institute. We
.see this dialogue as a means of reducing the gap between résearch
and practice.. This communication also allows us to design procedures
. that: (a) protect the LD adolescant or young adult, (b) disrupt the
or-going program as little as possible, and .(c) provide appropriate
research data. - 0 : ‘

The majority ofglif research to this time has been conducted in
public school settings -in both Kansas and Missouri. School districts |’
in Kansas which are participating in various studies include: United - -
School District (USD? 384, Blue Valley; USD 500, Kansas City; USD
469, Lansing; USD 497, Lawrence; USD 453, Leavenworth; USD 233, Olathe;
USD 305, Salina; USD 450, Shawnee Heights; USD 512, Shawnee Mission,
USD 464, Tonganoxie; USD 202, Turner; and USD 501, Topeka. Studies.
are also being conducted in Center School District and the New School
for Human Education, Kansas City, Missouri;. the School ‘District of St.
Joseph, St, Joseph, Missouri; Delta County, Colorado School District;

~Montrose County, Colorado School District; Elkhart Community Schools, °
Elkhart, Indiana; and Beaverton School District,.Beaverton, Oregon.
Many Child Service Demonstration Centers throughout the country have

£Y

also contributed to our efforts. . . N

Agencies currently participating in research in the juvenile
justice system are the Overland Park, Kansas Youth Diversion Project
and the Douglas; Johnson, and Leavenworth County, Kansas Juvenile -
Courts. Other agencies have participated in out-of-school studies--
Achievement Place and Penn House of Lawrence, Kansas, Kansas State
Industrial-Reformatory, Hutchinsdn, Kansas; the U.S. Mi]i}ary; arg ¢
the Job Corps. Numerous employers in the public and private sector
have also aided us with studies in employment.

While the agencies mentioned above allcwed us to contact
individuals and supported our efforts, the “cooperation of those
individuals--LD adolescents and young adults; parents}.professionals
in education, the criminal justice system, the business community,
and_the military--have provided the valuable data. for our research.

This information will assist us in our research endeavors that have
the potential of yielding greatest payoff for interventicas wjth the
LD adngscent and young adult. -
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ABSTRACT . ‘ ’
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"Modern mathematics education relies Hegvi]y upon the .cognitive
theories of Jean Piaget and Jerome Bruner, These\theories'provfde
the basis for exﬁ]éna;ions of levels of‘deve}opment as well as
“direction for instructional procedures. Research re]aded to cognitige
“abilites jnﬁ]earning disabled adolescents, specifically in mathematics, |
. are virtually nenexistent. The present 1;vestigafion sough£ to deter-
mine the level of formal reasoning in mathematics of LDigdélescentSs
Thé“re§u1ts Bt the s}udy suggest that L.D junior high school students
are_functioning at the concrete operations stag§ of Piaget'% deve]oﬁ-‘
mental sequence. The need for mathematics interventi&ns which use .

- enactive and iconic, .as well as verbal/symbolic, representations

is stressed.




) : / FORMAL REASONING ABILITIES OF LEARNING DISABLED
ADOLESCENTS IMPLICATIONS FOR MATHEMATICS INSTRUCTION

R While 1t is genere]]y‘accepted that research and programmatic
. cqnsiderations related to the learning disabled ado]eséent are

limited, the prob]ens associated with mathematics instrnction (e.g.,
learner characteristics, interventions, curricula) for this pop-
ulation are even more aciute. In their review cf theoretical-and
programmatic considerations re]at1ve to methodgﬂof learning dis-
orders, Myers and Hammil1 (1969) reported very little attention given
to mathematical disabilities. Cawley (1978) stated that similar '
éttention to mathematical disabilities at the upper grade levels has

been ilmost completely .ignored. Mathematics education literature is

similarly lacking in rebard'to disabilities in mathematics. Again.-
- the prob]em 1§ more acute at the secdndary level, For example, the

1972 Yearbook of the National Counci] of Teachers of Mathematics

(NCTM, 1972) ’gile devoted entirely to the slow learner in mathe-
matics, did not provide significant insights into mathematics
disabi]ittes at the secondzry level (Cawley, 1978). .

Providing appropriayge mathematica] interventions for 1earn1ng

e,

disab]ed ado]escents is further complicated by the fact that very
little empirical evidence exists regarding the learner charact-
reristics of this pOpuiation which preclude successful mathematics

performance. “hile a limited amount of literature does exist .

regarding the mathematical characteristics-of learning disabled
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children (e.g., Johnsor and Myklgbdst, 1967; Lerner, 1976), Deshler

(1978) warned against directly applying characteristics of elementary-

. age children to adolescents with learning disabilities.

A]thougﬁﬁa paucity of research addressing strategies for

teachihg adolescents with learning disabilities in mathematics is ,

clearly evident, literature does exist which may provide direction

“for curricular and instructional programming for fhe adolescent

learning disabled population in the area of mathematics. The
following review presents relevant literature from the areas of
learning disabi]ifiés in mathematics, cognitive and mediational
processes, and mathematics education. - '

Learning Disabilities in Mathematics

Some commonalities exist in descriptions of characteristics of

mathematics disorders in learning disabled children. dJohnson and

¢

Myklebust (1967) enumerated the following seven characteristics in

reference to elementary-age 1earn1n§°disabled children:

1. Problems in visual spatial organization and nonverbal

integration ) ' 4
2. Above average auditory receptiva abilities |

3. Above average ability-in reading skills and vocabulary |
4, Disturbances of body image 1
5. - Spatial disorientation

6. Problems with social perception | Y

7. High verbal abilities and low non-verbal abilities

~ Lerner (197¢) also included disturbances of spatial relationships and

visual perception, visual motor fssociation problems, body image

problems, spatial disorientation, and perseveration as char-

2 7
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acteristics of the child with an arithmetic-disability. Lerner as ” 1
well as Jphnson and Myklebust theorized that visual perceptual ?
- probiems, spatial problems, and body image disturbances may relate to -
the child's lack of sensory motor experiences considered by Piaget .
- (Copeland, 1974) as prerequisite to mathematics learning. Further,
_these authors recommended an instructional approach which provides .
many experiences with concrete devices in combination with extensive
instruction in the form of auditory input from the teacher.
Another hypothegis regarding the cause of arithmetié disorders
_has been proposed by Cohn (1971). He stressed the symbolic nature of
mathematics and its relationship with verbal and nonverbal thouéﬁt .
processes and concluded that arithmetic disability is-a type of

® . ‘:"
language disability. .

Cognitive/Mediational Processes

» ‘Theoretical f;undations of modern mathematics educatior are most
heavily grounded in the works of Jean éiaget and Jerome Bruner. Thé
theories of cognitive development pr0po$éd by Piaget and Bruner,

while addressing the nature of one's development in general, have

important implications for the development of mathematical abilites.

Jean Piaget's theory of cognitive development and its impli-
cations for mathematics learning and instruction is well known and
accepted in mathematics education. Bell (1980) described Piaget's

stages of development as follows.

L Approximate
Stage Actions o Age )

1. Sensori-motor Sense and motor actions upon things (G-13%)

2. Pre-conceptual Preoperational actions upon things (1%-4)

. 3. Intuitive Intuitive operations with things §417J

4. Concrete operations Ccncrete operations with things 7-1¢
5. Formal operations Comtemplation about tiiings (12-15)

3 ’ y
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i rate of development var1es for individuals. In the concrete o
operations stage (7 years to 12 or 13 years) learners have d1fficu1ty |
understanding and applyit~ verbal abstractions. While they are
capao]e of performing complex operations using ooncrete otjects, theye

* may not be able to carry out these operations with verba] symbo]s.

. During the formal operations stage (12 years to 15 or 16 years o]d),
however, ado]escents begin,tohthﬁnk abstractly and o reason

“symbolically. Piaget's contention that fonmed operation (abstract)

thought is requisite.to mathematical thinking (Ginsburg & Opper,

’r' 7 o - t L]

| ' « -

| : . '

. .o ’ . ;
. The order in .which the stages occur remains constant, however, ’
'}969; Copeland, 1971) is accompanied by the belief among mathematics

educators that successful problem solving in mathematics is

- accoﬁp1ished\at an abstract level end that adolescents typically have - ‘ R
**  achieved the level of formal operational thought necessary for .
. abstract reason‘ng ‘ . '
Bruner s (1966) theory of cognitive development tempered the
Piaget1an not1on somewhat. He suggested that enact1ve, iconic, and
o symbo]icirepresentEtions may be requtégte stages in any learning .
process regard]ess of the age of the 1earner. Bruner theorized that - ‘
enactive (concrete) and iconic (pidtoria]) representations of
experience involve internal thought processes that ar> used to
) complete some tasks throughout Tife. He also suggested that symbolic
learning may depend upon enactite experience in certain instances
(e.g., a football player's enactive experience with playing football

is prerequisite to his comprehension of a verbal explanation of how

tc play the game). On the other hand, Piaget and Vygotsky (1962)
'8 .
J
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. _.Suggestcd that inner Tanguage composes thqught: Bruner's exampﬁes of

tasks such’as hammerﬁﬁg. football playing, etc;. suggested- that

thought-can take the form of iconic representations of enactive

experience. _ - :
Kendler (1972) hypothesized a system of mediational or inner,
théught that can be either eﬁactive. iconic, or verbgl/symbolfc:

-

Kend]er'§fm65é1 for mediation consists of a stimulus event that

-~ triggers an internal mediating response. The internal mediating-

-

response, in turn, precipitates an 1nte}na1 response which sigpals

- the over! behavioral response. Kendler found that children at

kindergarien and first grade levgls make Tittle use of verbal

" external stimulis events in fbrhu]aﬁihg responses. However, by -

second d}adé. verbal events assume more meaning, but overt response

. \

errors persist, albeit with less fraquency than in earlier grades.
Kend!er hypothesized that the overt response errors 6f young children

ara .due to production deficiencies; that is, the gxterng] stiumlus

event fails to provoke the internal response. The overt }esponse

errors of older children and adults, according to Kendler, occur
becaq}e of control deficiences; that is, the 1q;e}ﬁa1 response to the
original stimulu; is not used to“provide'the f%ﬁgback at the internal
stage to produce a correct ovért response. Kendler based*hjé
hypothesis on ‘the fact tﬁét errors in overt motor responses (pointuto‘
the correct picture) increase significaét]y amon; adults when overt

labels are nat attached to a stimulus picture. However, children in
kindergartan and'first grade do not show significant differences in
overt response with or without a verba]v]abel for the stimulus °

picture.

10




Vygotsky, iike_Piaget and Kendler,'noted the superiority of
“symbo]ic thinking in the form of language for retrieving ements from
memory. consideiing mon;rthan one feature of a problem sdmu1t;ne-
ously, and developing strategles for responce in an effic1ent form
.that is not dependent on trial and. error learning or serial pro-‘
ces§1ng of visual images. However, adapting Bruner's -theory that
enactive and iconic foms of,medjation or inner thought persist into
adulthood in performance of certain acts, one might conjepture that
application of enaotive\or iconic strategies to mathemetics proolems
would be more effi cient for students who have difficulty 1nterpret1ng
or using the abstract symbols‘%f mathematical language. Indeed,
oohnson and Myklebust's description uf the learning disabled child

who exhib1ts disorders of arithnet1c would suggest that a combination

of enactive, graphic, and verbal approaches "to mathemat1ca] problems '

would maximize the mediaticnal thought processes which the learning.

disabled student can.use in formulating an accurate response.

-

Mathematics Education

Modern mathematics education draws heavify on the work of'Piaget
and Bruner (Reisman, 1978; Grossnickle & Reckzeh, 1973) for justi-
fication of the sequence of instruotional experiences provided to

" children in elementary mathematics. Elementary mathematics methods

texts (e.g., Grossn1ck]e Xfﬁechzeh 19733 Jennan and Beardslee, 1978, o

Underhill, 1977) recommend instructional seguences that include: (a)

expd%iences'with concrete manipulative objects; (b) experiences with ..

pictorial representations of the problem; and (c) abstract repre- .
_sentations of mathematics using only numerical s&mbols. These

instructional sequences are recommended for most mathematical

%
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concepts_presented in grades K-6. The concrete, pictorial, and ///¢%=t

symbolic sequence-is directly analogous to Bruner's enactive, iconic,

and symbolic stages of representation.’ Hhi]e the goal of.such an

' -approach is always the‘symbolic use of mathematical concepts and

sk%iis. the content presented.and the instructiona]ﬁmoue used are

ordered according to whether students have achieved concrete

,‘nperatiana] or formal eperationat thought. ‘ ‘ N e
Current trenas.in mathematics edugation provide instrdttional

a]ternatives through mathematics laboratory approaches which\

emphasize disco\ ry learning using concrete and pictorial repre-

Ml

sentations of abstract quantitative situations. There is no

all=inclusive definition of the 1aboratory or activities approach.
.(Barson, 1977): but significant’ characteristics can be deseribed.

’ The mathematics laboratory approach is activity centered in that
it involves the Student in problem-solving, situations. Mathematics
skills and concepts are deve]oped-through the use of various‘instruc;
tional representations inc]uding concrete mainipulative devices,
pictoria] representQtions. and fﬂms and tapes in combination with
symbo]ic representations of quantitative situations. Concrete (i.e.,
enactive or manipuiative) devices are obJects or things the student
is able to fee] tpuch handle, and move which are characterized by a
physical invo]vement of students in an active-]earning situation
(Reys, 1377). -Iconic (i.e., pictorial) aids are actual .photographs
of, real. objects of graphic representations of them.’

, Manipulative Aidé" v ,

g

Studies-of ‘the use of -manipulative aids across-grade levels one

.t0 six have shown relatively positive results when compared to




\
» .
- N
.

&

PT: A

e
. ' traditional teaching methods. Cuisenaire (Gattegno, 1962) materials

were found superior to traditiona] teaching methods at the first
grade level by Aurick (1963), Hollis (1964), and Crowder (1965). The
use of other concrete devices were, likewise, found superior at the
first grade level by Lucas (1966). In grades two through six, Nasca
(1966) found cuisenaire methodology more etfective than traditional
.methods. For grades three through six, Ekman (1966) found better
retention\among students who had used\concrete a1ds for addition and

A .. subtract1on algorithms. Dawson and Ruddel] (1953) reported greater
gains from the use of concrete models to teach division of whole
nunbers to fourth graders. Norman (1955) demonstrated better.
retention among third graders using concrete and pjctoria] models to

~ ‘teach division of whole numbers. . |

¢ Pictoria] ‘Aids

Gibson (1877)- reported greater success using slides and overhead

o transparencies to teach numeral recognition to first graders than by
L L 1\

using concrete, manipulative materials. Kulm, Omari, Lewis, and Cook

(1974) found that, given a verbal presentation of a word prob]en, a
) pictoria] representation of the problem, and the student's 1nter-

pretat1on of the prob]em, secondary students with h1gh fb scores

" performed s1gnif1cant]y better with-verbal and p1ctorial present-

attons, while Secondary students with low IQ*scores (92-109 range)
'%"“’;“" perfonned significantly better-with thetr‘own interpretation of the
. problem. Sherrill (1970) found that prose together with an accurate
pictore produced_perfonnance significant]y-and positively correlatec,

{0 .
with IQ, reading -score, and grade average.
L} ~ M

<
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Eastman and Carry (1975) conducted an aptitude-treatment-
interaction study invo]vind spatial visualization and verbally
presentéd general ;easoning treatments to teach quadratic
inequalities at the high school level. Eastman and Carry's findings
indicated that the spatial visualization group predicted success on
§raphic measures and that the general reasoning greup predicted
success on verbal reasoning measures. As reported, these findings
appear to suggest some promise for the use of graphic {iconic)
representations as substitutes for, and sdpp]ements to, verbal
(geqera] reasoning) mediation in préb]em soiving.

A11 of the preceding studies should be interpreted with caution
with regard to the current study since the classification of students
in these studies was based prima-~ily on IQ or achievement sco;es
gnIy. The reported findings may, however, have implications for tGe
preferred‘prob]em solving strétegieg of learning disabled Ado]escents,
particularly ?n 1ight of the previously ci;ed characterist{gs, ‘
including visual spatial problems, nonverbal integration, and memory
problems. o

Clearly, the development of mathematical abilities is dependent
.an one's Tevel of cognitive development. In ad&i;ion, mathematics
education ha§.stressed the importance of matching the student's
instruction to their level of cognftive development. Based on the

»n

characteristics of LD students cited previously, one may hypothesize
that mathematics interventions for this popuiation should involve
concrete or pictorial, in addition to symbolic, representations of

mathematical problems. However, the limited research available on

charécteristics of LD adolescents, particularly those related to

LS
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cognitive abilities in mathematics, necessitated an investigation of
the fo%mé] reasoning abilities of LD adolescents. Information from
such an investigation will be used to provide direction for the
selection and development of instructional strategies for mathematics
interventions with LD adolescents.
¥ Methodology
The purpose of this study was to: (a) describe the developmental

level of formal reasoning of LD adolescents, (b) identify specific

subcomponents of mathematics aptitude and.achievement which represent

deficiencies in the adolescent LD population, and (c) identify the

relationship among mathematics achievement and aptitude, reading

~ achievement, and level of formal reasoning of LD adolescents.
o

Specifically, this study was designed to answer the fol]owinb

research questions: . .o

1. Is there a significant difference between the level of formal

reasoning attained by learning disabled and non-learning
disabled junior high school students?

2. What specific mathematics deficiencies are exhibited by learning

disabled adolescents?

3. What contribution do mathematics achievement, mathematics

aptitude and reading achievement, alone or in combination,

make to the prediction of formal reasoning?

ngra?iona] Definition of Variables

Developmental level of formal reasoning was defined as the

. students' score on the Classroom Test of Formal Reasoning (CTFR)

- “(Lawson, 1978). This measure, dsecribed in detail on pages 15

through 17, classifies the respondent according to three leveis of
formal reasoning: (a)>concrete operational stage, (b) transitional

stage, and (c) formal operational stage:

. 7~
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A1l ather variables were defined as student scores on selected

subtests of ‘the Woodcock-Johnson Psycho-Educational Battery (WJPB)

" (Woodcock & Johnson, 1977). The ten subtests which were administered

are listed below. A complete description of the WIPB as well as the

ten subtests can be .found on pagés 12 through 15.
1.  Visual Matching

>

rd

2. Antohymsésynonyms

~ 3. Analysis-Synthesis

-4, Concept\annation .
5. Quantitative;Concepts
6. Calculation
7.  Applied Problems
. 8. Fetter-work Identification

9. Word Attack

10. Passage Comprehension

Subjects
One hundred students [70 learning disabled (LD) and 30 non-

. learning disabled (NLD) students] participated in this study. The

students were selected from seventh aﬁd eighth grade classes in the

four middle-Schocls of the cooperating district.

LD Sample. The mean age of the LD sample was 164.3 months (SD =

8.1 monthé). There were 39 seventh grade students and;31 eighth

lgrade'students. Forty-nine of the LD students-were male and 21 were

female. The average full scale IQ on the WISC-R for the LD group was

©

93.6 (SD = 10.2), with IQs ranging from 70 to 121. The mean Reading

Achievement cluster score for the LD group on the WJPB was 486.93 (SD

= 17.36).




NLD Sample. The NLD subjecis were matched with LD students for
age, sex, and school. Mean age for this group was 166.5 months (SD =
7.7 months). fhere were 14 seventh an@ 16 eighth grade NLD subjects.
Twenty were maies and 10 females. -IQs for the NLD sample were not
available. The mean Reading Achievement cluster score for the NLD
group on'theGNJPB was 520.93 (SD = 15.83). .

Due to the loss of some subjects, twa Chi-squdre tests were
conducted on the proportions of ma]g to female and seventh to eigﬁth
grade subjects to maintain the proportisnality of the samples in
terms of sex and age. The results of'both‘tests were nonsignificant
at alpha = .05." : ' ’

Informed consent was obtained on the LD sample by mailing
consent forms and an explanation of the study to the parents of a11"
seventh and eighth grade LD students in the cﬁopera;ing districf.
Eighty-éeven per cent of the parents gave consent ;:} their child's
participation. .

Info;med consent for the NLD sample was obtained using the same
procerres as .for the LD samp]e, except that once LD coﬁseni was
CanT?med, random se]ectioé procedures were employed to select five
times the -number of NLD‘subjects neceésary to conduct the study.

Thjs allowed for the possibility that parents of some NLD students
would refuse to allow their children to participate. - In all cases
- - where more than enough NLDs conﬁented to participate, the final
selection was done randomly. '

@

Instrumentation

Woodcook-Johnson Psycho-Educational Battery (WJPB). The WJPB is

a wide-range set of achievement, aptitude and interest tests designed

g
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N Latent-trait theory and the Raush model were used\éxtensively in test

< Mathematics score of the Iowa Test of Educational Development

to be individually administered. It was normed on a representative

national sample -of 4,732 individuals. Norms are provided for B -
ehildrén, adolescents, and adults. Evidence pertaining to the i
reliability and validity of the WJPB is provided by wood;ock (1978).

Table 1 represents a summary of reliability coefficients prqvided by L

Woodcock for a sample of eighth grade students. Oaly subtests and

c]usters used in the present study are considered.

Insert Table 1 about' here
\ ?

v~

Extensive information concerning the contbnt validity of the ,
WJPB is providee by Woodcock. Items were selected and subtests

carefully constructed on the basis of input from outside experts.

construction Wooacock also presented information concerning
criterion-re]ated and construct validity for the WJPB. )
Documentation of criter1onare1ated validity of the WJPB is
provided‘relativeut;—eata co]]ected on three samp]es by Wondcock: 82
fifth-grade nomal students, 75 twe]fth-grade normal students, and a
sample of 20 learning-disab]ed adolescents being served in a private
school'for LG students. Noodcoek reports correlation coeffficients

of .77 and .71 between the WJPB Mathematics cluster and the“Tota]

(Lindquist & ?e}dt, 1972)~for the fifth grade and twelfth érade.

‘amples, respectively. For the LD adolescent sample, Woodcock .

‘ reports a correlation of .77 between the Key Math (Connolly,

Nachtman, & Pritchett, 1971) and the Mathematics cluster scores of
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the WJPB. Cluster analysis is used by Woodcock to provide evidence
.in support of the organization of the WJPB subtest into clusters. ' |

A total of ten subtests of the WJPB were administered to

students in the present study. Four of the subtests comprise the

-

Mathematics Aptitude Cluster: Visual Matching, Antonyms-Synonyms,
Analysis-Synthesis, and Concept Formation. In the Visu;% Matcﬁ?hg}ﬁ
subtest, the student ‘is pequired to identify and circle two identic;T\\
numbers in a row of six numbers. In the Antonyms-Synonyms subtest,
the student is required to provide a word whose meaning is either .the
. same as or the opposite of a stimulus word. The Analysis-Synthesis

_ subtest requires a student to "analyze the components of an equiva-,
lency statement and reintegrate them to detefﬁine the components of{a
novel equivalency stateament" (woodcéck,_1978, p. 28). &h the Concgpt
Formation subtest, the student is asked to demonsérate kno#ﬁgdge of
rules for a cbncépt when pre§énted‘with examp1e§ and counter-examples
of that concept. '

Thé Mathematics Achievemént cluster is composed of\two subtests:
Calculation ané Applied Problems. As the names imply, the Calculation
,subteét invqlves the use 6f basic mathematics operations, whi]e'the
Applied Prob:ems subtest presants word problems in which the student
must identify the relevant information and then perform the correct
algbrithns.

The Quantitative Concepts subtest is not part of the Mathematics

Aptitude or the Mathematics Achievement clusters but prcvides infor-

mation supplementary to both clusters. In this subtest, the student

is asked a number of questions related to quantitative concepts and

vocabulary.




The Reading Achievement cluster consists of tnree subtests:
Letter-Word Identification, Word Attack, and Passage Comprehension.
In the Letter-Word Identification Subtest, the student is asked to
identify the letters of the alphabet and to pronounce increasingly
difficult words. The Word Attack subtest requires the student to
pronounce ngnsense words. The Passage Comprehension subtest utilizes
a modified cloze procedure in which the student is required to identify
a key word that is nissing in a short passage.

'Classroom Test di Formal Reasoning (CTFR). Formal operations

have been defined to include reasoning processes that will guide an

individual in an evaluation of evidence that will support a

hypothesis he has made. For the CTFR, Lawson (1978) designed items

/

e to tap what he refers to as "combinatorial reasoning, probabilistic
reasnning;‘and proportiona] reasoning" (p. 12): One item invoiving -
conservation of weight and one item. involving displaced volume are
‘also included. Traditionally, levels of reasoning have- been measured
using individua]ly administered Piagetian tasks. Typically, this 7
involves the use of special equipment to demonstrate a problem and
the recording of a person's solution in an interview format. The
CTFR provides similar assessment information more efficiently as the
test can be administered to an entire class at one time.‘

_There are fifteen items on the CTFR. -Each item entails a

demonstration by the examiner in front of the groyp of students using

the actual physical materials. Each demonstra%ion is carried out

until -the students respond with predictions of what will happen next
{

The students record their responses in individual test booklets.

. These booklets contain the question posed to the student followed by




saveral possible-answers. Following ‘the Tist of possible answers to a
question, the student is instructed to expiain why he/she chose a
particular response. Items are scored correct if the appropriate
response is checked and an adequate explanation is éiven for the
selection.

Information pertaining to the reliability and validity of the
CTRF has been provided by Lawson. He reported normative data for

small samples of eighth, ninth and tenth grade students of varying

ability levels from middle class suburban communities. Most
pertinent to the present study are the noms for the eighth grade
sampie. The sample of 145 students included 73 males and 72 females,

with a mean age of 14.1 years. The mean CTFR score for this group

was 5.68 with a standard deviation of 3.23. The scores ranged from

one to 12. o

Lawson reported a K-R 20 reliability coefficient for the 15-item
test of .78 which he described as "adequate®. Three types of valid-
ity information are provided. First, experts were in 10C% agreement

that the items appeared to require either concrete and/or formal
reasoning. Second, Lawson reported a corralation 'of .76 between the

total score on the CTFR and a score based on the presentation of

traditional Piagetian tasks in the traditional testing format.

Fina]]y,.a principal components analysis of the CTFR items and several

" traditional Piagetian tasks revealed that items secred to measure one

of three stages of reasoning: a concrete operations stage, a
wez2nisitional stage, or a formal operations stage. Lawson reported

th;\\th\ majority of students scoring between zero and five on the

CTFR woul classified as functioning at the concrete operational




stage aécording to traditionai Piaget‘an ieasures. He stated that
35.3% of the total norming semole scured in this range.
Procedures

 Two separate tests were admiristered to ali LD and NLD partici-
pahts. First, selected subtests o¥ the Hoodcock-dohnson‘Psycho-
Educational Battery (WJPB) were administered to all LD subjects in
the resource rooms bf the four middle schools of the participating
district. The LD subject administration took place during the
individua] student's regu]ar]y scheduled time in the resource room.
The WJPB was administereu to the niLD students during prearranged
class periods. These students left their regu]arly scheduled class

to take the test. ’ _ .

AN NJPB,administratfons were earried out by research assistants
(RA) assigned to this study. Hach RA had been trained in WJPB admin-
_1stration by the Core staff of the Institute. Administration pro-
cedures provided in the WJPB manual were-followed. Administra;ion
time was 60 minutes per test. The WJ?B scores were derived by using
the guidelines and. conversion procedures presented in the manual.

_The second test, Classroom Test of Formal Reasoning (CTFR), was

administéred to the LD and NLD subjects in groups of 1012 students. A
sebarate room was available. in each middle-school for CTFR adminis-

tration. Both LD and NLD students were released from regularly

_scheduled classes to participate in the test administration. The

admfn}stration 5rocedures for the CTFR recommended'by Lawson (1978)

were followed for both the LD and NLD groups. The LD and NLD groups

were tested separately. FEach of the 15 items were demonstrated by

one-RA while two additienal RAs circd]ated among the group to repeat
\ 3
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demonstrations and help with the spelling of words in the students’

responses. RAs did not offer explanations, but merely repeatéd‘
demonstrations and spelled words upon request. Students were
instructed as to what the circulating RAs could offer in the way of

assistance. The entire test took 60 minutés to administer using this

. format.” Scoring the CTFR was accomplished by following the guilde-

Tines established by Lawson. The score recorded for each student -
represented the sum of the items answered corrgct]y on the test. The

RAs who administered the CTFR were trained in the administration of

‘the CTFR.

The WJPB administration for the total group wasfgonducted;ver a
four-week period fron mid-April to mid-May, 1979. The CTFR adminis-
tration period lasted two weeks, i.e., the Tast two weeks of May, . \
197§. The entire study was conducted over the three month period of
March through May, 1979. '

Research'Design

-

Thi< study can be characterized'aé correlational research. The
first research question was answered by describing the extent of the
relationship between grodb membership and 1e§e1 of formal reasoning.
The groups were defined as LD students and NLD students. Level of
fonnql’reasoning was operationally defined as the student's score on
the CTFR.

The second reasearch question was answered by describing the |
relationship between group membership aqg subtest scores cbtained on

the WJPB. The third research question involved the use of mu]tip]é

* regression techniqdes to explore the re]étionship between variabiiity

on the CTFR and variances associated with speci{ic independent vari-

ables, including sex and subtest scores from the WJPB.

£y~
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Results

A1 of the WJPB variabies were analyzed using part scores and
cluster .scores. The derived scores based on the Rausch model and
their derivation are described in detail by woodcock (19;5). He
recommended these scores for reseanchgpurposes. A transformation of
CTFR raw scores served as the Jependent variable for ‘reseach guestions
one and.three. Because the scores on the CTFR were considerably
right skewed, a logarithmic transformation of this variable was mad .
The transformed variable was related to raw scores on the CTFR as
follows: LOGLAWS = Log (CTFR Raw Score + 1). LOGLAWS then served as
the dependent variab]es for research questions one and three. All
statistics were computed using the BMPD computer “programs (Dixon.
1975). h |

" In order to provide statistical tesis relevant to re-earch

questions one and two, .an approach comoining multivariate and
univariate t-tests was used (Hummel & S]igio. 1971). Each of seven
WIPB subtests related to mathematics performance. and the logarithmic
transformation of the CTFR were used as dependent variables, with the
independent variable being classification. i.e.,'LD and NLD.
Hotelling's T was equa!.to 67.25 and was statistically significant

(p €.001). Subsequent to this over-all multivariate test, univariate

ttests were conducted with alpha set equal to .61. The means,
s*indards deviations, t values and g_veiues'for each of the eight
de;enaent variables are provided in Table 2. With the exception of
two variables, all of the difterences were statistically significant.

The two exceptions were the Analysis-Synthesis part score and the

‘Concept Formation part score from the WJPB.




Insert Table 2 about here

AN

Date rePresenting raw scores on the CTFR, before the Togarithmic
transformation, can be summarized as fol lows: For the LD group, the
mean was 2.43 (SD = 2.15) «#ith a range of 0 to 8. The distribution

e ~ for this éroup was very skewed, with lowgr-sc;res being over-repre-
sented. For the HLD group, the mean was 4.76 (SD = 2.91)_with a
range of 0 to 12. The data from the current NLD 'sample correspﬁnded
quite well to the CTFR nomative data for eighth grade*: reported
earlier. Ninety-two per cent (56 of 61) of the LD sample scored in
the range of 0 %o 5 on the CTFR. For tne"NLD sample, 69% (20 of 29)
scored within this range. Five of 61 LD students, or 8%, scored in

mNmﬁsmNWMt%MMMmmJMwa
scored in the same range. One NLD student and no LD students scored:
-~ above 10. ’

The third research quesuion was concerned with the‘relationsﬁip
bgtweenxihé*{qghrithmic transformation of the CTFR (LOGLAW) (serving*_
as the dependent variable) and the following independent variables:
(a) SEX, (b) WJPB Mathematics Aptitude (MATﬁAPT);*(c)*HJPB—Mathe- B e —
matics Achievement cluster score (MATHACH), (d) WJPB Re;ding
Achievement cluster score (READACH), and (e} the 1nteraction.of the
MATHACH and READACﬂ scores (i.e., INTERACT). This relationship was
analyzed in an exploratoryfway using multiple regression techniques.

- (The entire sample of 100 cases wids used in the analysis. Twelve
cases, with data missing-on one or more variables, were not used )
Table 3 presents the intercorrelations of the dgpendent/an . d
independént variables and the classification variab]e (LD vs. NLD). .

Q ‘ 20 25\




Insert Table 3 about heve

At the finst stage of analysis of research questidn three, ‘a

* stepwise multiple regression analysis was conducted according to the
default stepping method (method F) of BMDP2R (Dixon. 1975). In
addition, a partial ordering-of the independent variables was
included such that MATHAPT was entered first at Level One. READACH °
and MATHACH were then allowed to enter at Leiei Two?i,FinaIIy,

. INTERACT was allowed to enter last at Levei Three. SEX was set at’
’zero and not 2llowed tc enter. Based cn this procedure, only two
variables MATHAPI and MATHACH entered the.equgtion. The results of
this andlysis are.presented in Table 4. The }=to-Enter value for

Sam

Insert Table 4 about here

INTERACT after the above two variables were in the equation was .757.
'CJearIy, the additioq d? this variabie would not have made a
significant additional contribution to the prediction of LOGLAWS.

Likewise, after MATHACH and MATHAPT were entered, the F-tn-Enter

va]ue for READACH was .87. Although the variable SEX was not allowed
. to enter, it had an F- to-Enter value at the end of the analysis of
L —x;_~\§ 128 Thus, in subsequent analyses three independent variables were
included: MATHAPT, MATHACH, and SEX. “
At the second stage, subsequent to the initial stepwise procedure,
_iéa muitipie regressign_analysis, which was nat stepwise, was completed.
Again, 'LOGLAWS served as the dependent variable while MATHAPT, ¢
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" MATHACH, and SEX served as independent variables. The analysis of

*of the regression coefficients were tested for statistical signi-

. y (
n#*Stage Two. The explained variance of LOGLAWS (R2 = ,4993) was

'tribution of MATHAPT (.1381) and the contribution of,u;;;zbr and

variance associated with this ana]ysis°is presented in Table 5 -

(Multiple R = .706€6 and Multiple RE = .4993). In addition, all three

ficance. Each was significant beyond the .01 level. Thus, each of
the three 1ndépendent variables made a statistically significant
contribution to the prediction of LOGLAWS scores.

Insert Table 5 about here

-
*

] . .
At<the third stage, communality analysis (Kerlinger-& Pedhazer, \

1973) was used to analyze thé explained variance of LOGLAWS into the

unique and combined contributions of the three independent variabies

broken down into the proportions “of variance explained uniquely by
egz:'of'independent variabies,'the p oportions explained by each of
the three pairs of independent varfables, and the proportion - ,
explained by”ali three variables operating in comoinatior These

proportions are presented in Table 6. It is. c]ear from thege data

that perfbrmance on LOGLAwS is largeiy related to the unique ( con-

" ¢

MATHACH operatin in combination (.2627). Nearly all of the .

remaining explaingd variance is attributable to the uni?ue con- )«

tributions'of MATHACH (.0524) and the unique contribution of ‘SEX
(.0439).
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Insert Table 6 about here

Discussion
==

Research Questions One and Three

Two levels of'Piagét's sequenée of cognitive development are
important in considering the results of the present study. In the
concrete operations stage, (typically 7 years to 12 or 13 years), .
learner§'are capable of performing complex operations using concrete
objects; however, they may not be able to garny-bht these operations
with verbal symbols. By the fotmal operations stage (12 years to 15
or 16 years old), adolescents develop abilities.to think abstraétly
and to6 reason symbo]ica[]y. The order in ;hich‘tﬁe stages occur

remains constant; however, rate of development varies for individ-

' uals. Applying this inf5rmation to thékpregent's?ygy is complicated
by the fact that juniorh’igﬁis;&ob}”smdents (12-13 years old)

typical]y are in a transitional stage between concrete and formal
operations. They may think und act as children or adu]ts at different
times. tven if a student has reached the stage of formal operations,
he/she w*]] not use al] the resultant intellectual abilities of that
stage and may, at times, revert back to concrete operations

Bruner (1966) adds to Piaget's. developmental theory by identi-
fying levels of répresentation of mathematical situations. His
contention is that abstract learning is faci]iteted by matching the
1nstructiona1_representa%ion'of the mathematical situation to the
learner's level of cognitive development. That is, learners who have

not attained formal operations can learn mathematical abstractions if

W
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concrete, manipq]ative devices or models are used in instruction to
demonstrate the abstvraction. )

The énsyer to the first research question in this study indi-
cated that a significant difference exists between the level  of
“formal reasoning attained by LD and NLD junior high school students.

In addition, the third research question provided further evidence of

the substantial relationship between Tevel of formal reasoning and

mathematics aptitude and achievemept.

The contribution of SEX to she prediction of level of formal
reasoning is éonsistent with other research (e.g., Anastasi & Foley,
.1949; Stafford, 1972; Mullis, 1975) which demonstrated slight
advantages for males in mathematics aptitude and achievement. The
meaning of this relationship, however, fs not clear and has been
contested (Fennema & Sherman, 1977). The debate centers on-whether
the differences in mathematics ability between males and féma]es are.
inherent or due to socialization..

The <implications of the findings of this study are quite clear
for both LD adolescents and children. At the secondary level, the
-efficiency of attempts to remediate mathematics deficiencies should
be improved through the use of interventions which capitalize on the
‘ p;wer of concrete and gréphic representations of concepts, re]gtion-
ships, and operations. Given that these findings could bg validated
with ysunger.LD populations, the c]inicé] recommendations o% Lerner
(1976) and Johnson and Myklebust (1967) should be strictly adhered
to. Concrete and graphic modes of developmental mathemaficg
instruction may be essential to efficient learning for LD students

across grade levels. It appears that LD youngsters, in general,




would benefit from the extensive use of concrete léafning experiences
~as well as from the use of these materials for longer periods of
time.

" The implications of a delay in cognitive development go beyond
mathematics instruction and learning. 'Bell (1980) prgéided some
dnsights into social Tearning and behavior associated with the
jndividual's attained level of formal reasoning. For exa&ple. it is
not Jhti] the concrete operations stage that children begjn to
understand jokes. The ability to understand hidden meanings‘jn

N social messages is not well developed until the formal operations
stage?: A delay in cogniti&e &eve]oﬁment'may be responsible, to some
N degree, for the characteristic of social imperception attributed to
) tﬁé LD population. ) |
Reading comprehension may élso—be negatively affected by'a delay
in cognitive development.. Problems in recognizing the deep meaning .
in printed material could be associated with delays in formal reasoning.

\ Research Question Two

The attempt to 1dentffy specific mathematics deficiencies in
ability and performance in the LD sample produced somewhat mixed
results. The LD group performed significantly less well than the NLD
group on five of the seven mathematics subtests (Visua]lMatéhing.
Ant&nyﬁs-Synonyms,'Quantitative Concepts, Calculation, and
App]ication Problems) administered, while maintaining this trend
towafy Tower performance ~n the other two subtests (Analysis-Synthesis

and Céncept Formation)._ Whether dirferences exist in the last two

[

areas is difficult to say from these data and represents a need for

purtheﬁ cross-va]igggiggi__uhatwis~cﬂear“frhﬁf?ﬁﬁﬁif?ﬁﬁiM§S that

I
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mathematics performance appears to be a generalized deficit in

cognitive development and achievement rather than the traditional

uneven profile attributed to LD students.
Need for Further Study

Further study should address a limitation of this study. Future
studies should match LD and NLD students on the basis of mental age
(MA). Although results are mixed (Cohn-Jones & Seim, 1978), MA has
been implicated as an important variable in studies which attempt to
compare qognitive development betwee: groups. ‘It was not possible to
match students in this study due to the unavailability of IQ scores
on the NLD sample. However, the fact that the mean IQ for the LD
group was 93.6 %ay have implications for the mean level of formal
reasoning attained by the LD sample. - '\

“The second recommendation for additional study is for the
replication of this study with LD students at other age Tevels. The)
purpose cf the§e replications shou]d'be-to'identify a developmental
time-Tine specific to the LD‘pobulation. Based on the resufts of
this study; it is 1ikely that a developmental Schedule may result
which is delayed in comparison to that posed for NLD students. If
such a difference exists, it would'hold serious }mpljcations for when
and how skills and concepts were introduced to LD youngsters. -

A final area for further study would include the experimental
va]idatibn of both devé]opmenta] and remedial interventions for LD
students in the area of mathematics. A strong developmental

intervention strategy which capitalizes on the power* of manipulative

—devices may lessen the need for remedial interventions with older LD

students in the future.

f) *
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TABLE 1

Reliability Coefficients for Eighth Grade Sample (n= 470) on

Selected WJPB Subtests **
Mathematics Aptitude

Quantitive Concepts r=
vi sua‘l Matching r=
Antonyms-Synonyms -~ r=
An2lysis-Synthesis r=
Concept Formation ' r=

Mathematics Achievements

Calculation ra=

Applied Problems r=

| Math Aptitude Cluster ra

;’7 . R;.‘adi ng Cluster r=
' Mathematics Cluster ‘. r=

.89
.63 (test-retest)
.90
.86
.87

.84
.83

<

.88
.96

|

.90

** Al coefficients with the exception of that for Visual Matching
are split-half coefficients corrected with the Spearman-Brown formula.

(From Woodcock, 1978, pp. 178-180.)
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TABLE 2

2 Means, Standard Deviations, t, and p Values
for Eight Dependent Variables--LD and Non-LD

Groups Compared

32

o

- Variable Name Mean s t P
"Visual Matching -
LD -131.57 8.26 . S
~_ NLD. 136.87 - 5.82 -3.18  =.002
e - :
Antonyms--Synonyms ’ -
LD 198.76 6.41
NLD 205.37 6.30 «4.75 &.0C1
Analysis--Synthesis i
Lb - 134.20 3.12 .
NLD 135.43 3.95 -1.67 20,998
Concept Formation
3 LD 41.60 2.06
ot NLD 43.47 1.81 -2.00 =0.049
Quantitative Concepts : o
SR ) R . 240.44 9.16
NLD _/) 253.07 8.23 -6.42 €0.001
. Calculation )
: ‘ LD 259.57 8.47 -
- NLOD 271.30 5.66 -6.94 <0.001
Application Problems -
] LD 249.56 1&.87
a ‘ NLD 262.30 .86 -5.16 ~ (0.001
CTFR (log transformation)
LD 0.44 0.30 \
NLD . 0.69 0.27 -3.86 . <0.001




TABLE 3

Gof%elation Coefficients for Selected Variables **

Classif.
SEX MATHAPT -~  MATHACH READACH LOGLAKS  INTERACT (LD vs. NLD)
oSBT .02 -.05 a2 -.21 05
" MATHAPT 1.00 .59 41 .63 61 .
MATHACH . 1.00 51 .57 .84 59

READACH 1.00 .43 .89

.68

LOGLAWS : 1.00 .57 // .43

INTERACT o | 1.00 | .73

Classif. . ‘

(LD vs. NLD) . , o 1.00
(

T
.
1

© ** A1l of the above coefficients were ‘based on 88 cases. Any coefficient with an absplute value greater

than .27 (approximately) is significant at alpha = .01, using a two-tailed test.’ Problems{cf error rate
are not taken into consideration. - .




TABLE 4

A\ T

. Summary of Analysis of Variance Based on a
Stepwise Multiple Regression Analysis of LOGLAWS

5
-

. ) SOURCE ss df MS F

> i p
Y Regression 3.817 2 1.909  35.547 .001
Res idual é.ses 'gs .0537
n . N . : -

Multiple R = .6748
Multiple RS = 4554 ‘. -

—————

.
{

34




- TABLE §

" Summary of Analysis of Variance for
LOGLAWS with MATHAPT, MATHACH, and SEX
as Independent Variables **

L Source S df - Ms F p
Regression 4.185 3 1.395  27.919 .001
Residual 4197 84 .05

Multip]e R = .7066
Multiple R = .4993

‘ ** Each of the regression coefficients was significant at alpha = .01,
- using a two-tailed test.




TABLE 6

1

Partition of tﬁe Explained Variances on LOGLAWS

into Unique and Combined Contributions of Three
Indepandent Variables

Variables Contributions - Proportion of
. Variance Explained

Unique of MATHAPT .1381

Unique of MATHACH ‘ .0524

Unioque of SEX .0439.

Common to MATHAPT and MATHACH .2627 -

Common to MATHAPT and SEX -.0102

Common to MATHAPT and SEX 009

Common to MATHAPT, MATHACH, and SEX ~0034

Total Variance Explained .4993
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