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tendency for repetitive routine asgects of behavior tc tecome so
overlcarned that a mirimum of conscious effort and attention is

: necessary for rapid efficient execution), as measured by the Rapid
Automatic Naming (RAN) Test, and prcficiency in arithmetic kasic fact
computation was investigated with 120 learning disatled and 120
nondisabled children ages B to 13 yéars. Sixty Ss in each group were :
designated as either younger or older. Significant correlations were '
obtained between RAN performance and arithmetic proficiency fcr both
the learning disabled and nondisabléd groups. In additicn, learning
disabled Ss were found to be less proficient in sinple cozputation
and slower on RAN than their ncndisabled peers at bcth younger and
older age levels. (Author/SB)
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Abstract

The relationship between automatization ability, as measured by
) the.Rapid Automatic Naming Test, and profi?iancy in arithmetic basic
fact computation was investigated in this/study. Subjects were 1%0 learning
disabled and 120 nondisabled children between 8 and 13 years’' of age; 60

subjects in each group were designated as either younger or older. Sig-

nificant correlations were obtained between RAN performance and arithmetig'

proficiency for both the learniag disabled and nondisabled groups. . In
addition, learning disablad subjects were found 'to be less proficient
in simple computation and slower on RAN tﬁan thir nondisabled peers

at both younger and older age levels.
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Autamatization.and Basic Fact Performance
of Normal and Learaing Disabled Children

Lea;ning disabled children have been showmn to be less proficient than
their nondisabled peers in computing basic aritkmetic facts (Fleischner,
Garnett & Shepherd, 1979). It is not clear exactly what psychological
factofé underlie\chis difficulty. Although many factors appear to combine
to affect overall arithmetic achievement (i.e.;'éene¥al:intelligence, spatial
orientation, visuval-perception, verbal agilicies, and problem solviag abilicy),
to date there has been no investigation of what factors may be most signifi- °
cant in basic number fact proficiency in parsfcular. |

?asic ngnber facts Coqprise all single-digis additfion, subtractionm,
multiplicaéioﬁ, and division problems (e.gey, 3 +4;.7 ~3; 7 -'4; 5x7; 35 = 5;
527). Speed and accuracy' in answering these‘siggz;-digit problems is
considered to be important because they éfa components oé more complex
arithmetic cocwputations. .

‘Taxcnonias Qf arichmgtic Cccmputational difficulziss list basic fact errors
as an Iimportan:t and common type of error (Buswell & Johm, 19256; Brueclmer &
3end, 1953; Cokn, 1968; Cox, 1975; Frank, 1979). Clinical reports and
standard taxts asser:c that mastery of basic facts represefits an arez of

-
-

particular difffculcy for learning disablad children, and Fleischner, Garmets

{

& Shepherd (1979) found LD childran o be significantly less ;roficient than

their anondisabled peers in cempuciag basic facc sreblems on timed srials.
Brownell (1935) identified a developmental prograssion in basic fact
computatzon, which ranges from simple Sountihg strategies such as rhose
e .

descridbed by Gelman and Gallistel (1378) to nabituaticn of raspense.

Habizuation was charactarized by 3rownell (1933) as the stage marked by swifrzess
/

of responss, and the absencs of identiiiable intermediary thought processes.

In ocher words, these facts are accessibls for automatic retrieval. To the
. Q ‘ " . '
: ERICayman, this stage represents the "memoriza:-cn?sof basic facts which is an
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imporrant goal of the early years of arithmetic instruction,

Automatization is comsiderad to be an iaportant -psychological process in

- 0

. Al
the development of task proficiency. Automatization has been definad as
"the tendency for repetitive routine aspects of behiavior to beccme so over-

learned that a minizum of conscious efZor: and attention is necessary for

-

rapid efficient execu:ion" (3roverman, Clarkson, Laiber, & Vogel, 1978, p. 2).

Differences in automatization ability ars considerad to raflect diiferences

- —_——

in cognitive scyla,yéhich, in turn, influcnce ability to benefit from extended

practice. Automatization is not significantly ianvolvad in the iaitial learning

of novel and complaex tasks, but, rather, influences the rate at which rer—-

formance becomes efiicient after accuracy has tasn achiaved. g

.

One index of the proclivity tv actomatize is speed of naming repeated
ingtances of highly familiar stimuli. Typically, categories such as primary

cqlors, letters, numbers, and pictures of comon obiects have constitutad the

-

stiZulos classes used iz measuring rapid autcwatic naming (Broverman, 1560;

3lumenthal, 1977; Denckla £ Rwdel, 1976; Drzke & Schnall, 1966; Ruzherford

& Telser, 1967). )

\
\

Studies of repetiiive naming performanmce iz learning disablad childen

nave found that they perfora more slowly than their nondisablad peers

(3limenthal, 1977; Denckla & Rudel, 1976; Drake % Schnall, 1966; Zakia &
Douglas, 197i). A codclusion of some of these iavestigztors has teen thar

this slow perfordance raflects diminished proclivity to zutomatize informacioﬁ.
Others have held that specific language difficulty is reflectad in tkis poor |

rerZoraance.

The present study fostulatad that acquiring proficianey in basic

. i

ariztmetic fz2c¢%s raliss =3 a comsiderabls ax%en:c on =he of autcmatiza-

‘9
n
(o]
0
[(]
0
0

tionn. Theraiors, -the purpose of the study was to explcra the ralaticamship

tetween a zeasurs of autczaiization (Rapid iutomatic MNemiag
/s

P N
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‘Materials and Procadures : "

1
[
remt

Rudel, 1976) and proficiency in the computation of basic aumber factsy - The =

primary focus was the extent to uhich speed/accuracy on basic addition,
subtraction aad qul.iplicacion facts s related to rapid automatic taming
speed in ;earning disabled and nondisa;léd childran |
Subjects

Subjects (S3) for this study were 120 (101 boys, 19 girls) learning
disabled (LD) and 120 (83 boys, 37 girls) nondisabled cnildren. Ss ranged in
age from 96 to 158 months. In each group, 60 Ss who were 124 months of age or
less were designatad as younger and 60 whose age exceeded 12§ montls were
desiénated as older. - v

Normal Ss were enrollad in ten diffarent classrooms of grades 3 to §
in two schools of 3 Tural school district in Maine. Childrem identified as
seing handicapped (LD, Sentally retarded, emotionally handicappeé, or sensory
impaired) were excluded from this sanple. While IQ data were sot available \
for these Ss, average IQ was assumed tased on teacher judgment and average
standing on standard achiavement tasts.

LD Ss weres seiected from 24 classrooms in three schools for children wrth
laarninhg disabilitias located is‘:he graater New York metrcpolitan area. These
childrea had been clinizally diagnosed and classified as LQ under the regula-
tions of New York or New Jersey. Mean WISC-R IQ was 10C.389 (5D = ll.?é)_foi
the younger LD greup and 100.72 (Sp = 5.78) for the older LD group. Current

achievement data in academic areas were not available for all Ss, but most

showed significant discrapancies Yetween aptizude and achisvement, aCCord.rg _ 7’

>

to teacher judgment. This was cor*ooora*sd oy review of available pas:

-

achievemens tast scores. The children represantad a broad racga of socio-econczic

classes as judged by pazents' occupations.

3 :

—— - —— e — -
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The two sets of matarials used in this study were des.gned %o invesc-gats o
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— rapid repeated naming (The Naming Task) and proficiency om additionm, subtraction
and multiblication basic fact problems (The Arithmetic Task). The Arithmetic *
Task was adminiszered to all subjects prior to the Naming Task; ths interfal

between administration of the two tasks ranged from 7 to 8 weeks.

The Naming Task. The Rapid Automatic Naming Task (RA&, Dencikla & Rudel,
1976) was used to measure repeatéd naming speed,. It consists of four charts,
each measuring 21.59 cm. by 27.94 cﬁ., and each containing representacions
of five different items which are repeated ten times in random sequence. The
50 stimuli of eahﬁ chart are evenly spaced .and arrayed in 5 rows with 10 .
stimuli per row. A chart contains either lowef case letters (¢, 0o, d, r, 8),
-aumbers (2, 6, 9, 4, 7), color squaras (red, green, black, biue, 721low), or
line drawings of common objacts (comb, ey, cloke, sciss;rs, umbralla).

Each § receivad all four charts ac;ording‘to a previously deternined
Counter-balanced order of presentation. One chart at a time was displayed
by the examiner (Z) who asked each S to label the items to insure Zamiliarity

of the stimulus names. After acsertainfang that Ss were able to supply

these names, = iastrictad § to nzme the things on the card as fast as possible

wisthout making mistakes. Performance was timed with a stopwatch, and time

per char:t wzs recorded on a protocol which was a Szesimile of each char=.

The Aritmetic Task. Thils task was desigmed to measure the sgeed and

acguracy of written responses to basic fact problems in additienm, subtraction
’ and multiplication. Three separate two-page tests, each cover;ng one
operation, were devised by randomly arraying 68 “asic fact problems. Yumerals .
were printad ia bold "primary" type; all probiems were presentad In a
vertical format, arrayed ia seven rows, 2ach containing seven items. Eerizontal

Lines delineatad ome row, with spacz for answers, frem the nex:.

All Ss recelved the addition a2nd subtraction tests; ouly oldar Ss

received the multiplicacion test, Order of prasantation was counzaer-bazlancad.

PR A v 7ext Provided by ERI
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allowiqg‘chree minutes for each. At the comclusion of the three-minute

* interval, students.were inst;ucted to tufﬁ their papers face ﬁown, and
tests were collacted befors the next was distributed.
Results
The purpose of tgggrstudy was ‘to determine the extent of the rela-
tionship between performarce on a measure of automatization (RAN) and pro-

ficiency in compu:atioﬁ of basic number facts.

Comparative RAN RéSults

4

Number of second; taken to name the 50 items of each RAN ;har: was ’
recorded for each child; total naming time for all charts was computed and
constitutad the major dependent measure of the RAN test.

Table 1

v

 ~Rapid Automatic Naming (RAN) Total Time in Secouds

*« . Younger Older. ., Total
Group Subjects Subiects Group
Learning Disabled’

Mean 207.43 160.47 183.95

SD 3 . 57.72 ;0.77 35.06

;Nond;sabled
Mean | ‘ 151.73 141;53 146.63
SD 38.47 ' 32,96 36.04

" 10
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Table 1 :eﬁor:szAN performance séo:gs for groups according to age
‘leQQl. Results of 2 2 x 2 analysis of variance (group x age) ravealad signifi-
cant main effacts for group (F (I, 236) = 43.38, p<.001) and for age
(E (I: 236) = 29;§9} B¢ .001). These findings fndicate that overall, 1D children
were slower than noudisabled Ss, and that younger childram wers slower than
older children. A significant interac=fon of grouﬁ and age was also fcund
(F (y 236) = 9,74, 2;(.065). Follow-up tasts for simpla effects revealad
thé: there was no'gignifica;: difference between the RAN pérformance of '
younger and old;r nondisabled Ss, but that the difference between younger
and dlcer LD Ss was significanc (T (Y, 238) = 35.01, 2<.001).. Thus, the AN

performance of caly 1D Ss improvad with .increzasiag age.
b ~ »

Comparative Ariztamtic Resulss ’

‘Two scores wera derived from eech arithmecic test: ‘nuamber attemptad
{of 98 problems) and nuzber correct. The two scores ara ralatad ix that
- i

aumber corract s constrainad by zumber attempted. Therefore, a ratio score

of number correct to number attempted was also ccmputed. This ratio score

was designated as a proficiency score. TFor each subjecc,>addition aed subtraction
scores were combined in comput;ng the proficiency score (3asic Facts A). For

the older 60 subjects, an additionral proficiancy score wigtcompucad, combining
adéicion, subtraction and mpltiplication (Basic Facts B). Al:hoJ%h Eﬁis
additional dependent mweasurs provides some raduddant information, it is

considered to reflect most adequately the overall basi& fact computational
performaace of the older'subjeccs of each group.

Te ccmpa}a the proficiéncy of LD and nondisabled children in ccmputing

basic aumber fact problems, 2 2 x 2 (group x age) analysis of variance was

T

i

%

3
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employsd to analyse 3asic Fact A_s;cores. Main effects were sigmificant
for group (2 (1, 236) = 33.73, p<.001) and for age (F (1, 236) = 96.21, p<.001).
The nondisablea’chﬂd':’e;a Were more proficient in addition and sudbtraction

' than gere the LD children; older Ss were more proficient than youager Ss. The
interacticn of 2g= and group was. not significant, indicating :k.x.ac for both

groups arithmetic proficiency improved with aga. zSee Table 2.)

Table 2- ’

Means and .Standard Deviations -Eo\:'~Number»~Attempted and Yumber Correct
out of 196 Addition and Subtraction Basiec Fact Problems

. Number Attemptad Number Correct
Group Mean . SD . Mean )
Younger | . \
Learaing disabled 6791 38.24 . 62.65 39.42
Nondiéabieu 94.50 32.10 . 92.13 ' 32.90
. ’ \
fearning disabled 114,90 37.61 111.30 38.07
, Nondisabled 140.38 36.67 . '137._47 37.72

In addition to the total group ccmparis.cn, the proficiéhcy of the
older LD and '.;ondisabled Ss was ccmpared using Basi; Fact 3 scores. 4 ¢
test for independent samples ravealed tha; the groups differed significantly
on this composita measurs, too (¢ (118) = 6.61, 2<4.001)., The older zondisablad

'Ss were more proficiaant than the older LD Ss ia computing basic fact

problems (See Tabie 3).




.
‘

Table 3

Means and Standard Deviations for Number Attemptad and Number Correct
out of 294 Addition/Subtraction/Multiplication Basiz Fact Problems

[
4

* Number Attempted - Number Correct -
Group Mean S Mean SD / -

: ~%
: i Learning disabled

(N = 60) | 160.97 56.94 N 151.80 58.45

\
Nondisablsd
(N = 80) 217.30 51.78 213.03 52.97
\ .

~

'y N : -

Major Findinzs
L .
The purpose of this study was co examine the extent of the relationship
between RAN performaance and basic fact computazion performance. To investigate .

this relationship, Pearson product-moment correlaticn coefficieats for ~ .7

-—
~ .
Sa

Basic Facts A and total naming time were derived separately for the LD and ™ ..

-~ e

nowvlisablad groups. Additionally, Pearson corralations batween Basic Facts K

3 and total ﬁamigg time were computed for each group of older . ibjects. T

: \ \ v
Resulrs are reported in Table 4. AN Lo
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Table 4

. ) h
Correlations of RAN Performance and Basic Number Fact Proficiency

' | Computed by Peazson r '

-4

Group » | Coefficients
.Total —, RAN/Basic Facts 4
Learning Disabled ~.50% |
Nondisabled - 49%
Lgarning Disgblad -, 34%

Noﬁdisa%\ P P alSTR

*Sigaificanc ac the .00l level.

1<

-
-

N.B. The negative sign which accompanias each correlation results

' frem the inverse relationship of time elapsed to proficiency on
each measure. Superiot performance on RAN is noted by a low
score (less time taken), whereas superior performance on the
arithmetic task is noted by a high scors (mere protlems
solved). The negative signs reflect differsnces befween the
"scoring systems, not the pature of the relationship.
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The resulcs'of the corrglaci%nal analyses demonstrated that, for the
total LD group, RAN performance accounted for 25 percens of the variance in

performance on 3asic Facts A: For the total nondisabled group, RAN aécounted

for 24 percent of the variance in Basic Facts A. When Basic Facts 3 performance
|
is considerad, RAN accounts.for 12 percent of the variarce for the LD group

and 33 percent of the variance fo? tia nondisablad groilp. Theras were no . /

«

significans differances ia the values of the correlations betwaen Basic
Facts A and AN for the total LD acd nondisablad group (z obs. = .08, p = ,94)

or for 3asic Facts 3 and RAN (g obs. = 1.57, p = .12), Thus, the relatiomship

between jerformance on RAN and on arithmetic basic fact ccmputation was significart

for both LD and anondisablad

=

children, and the extent of this relatiomship

did not differ significantly bLetween either of the two total groups or the
-~ - K
two older groups. - by .
; Discussion
. The results of this study deconmstratad that 2 sizaifican: relationship,
exists tetween basic number fact proficiency and performance on the RAN task’
in both the LD'and nondisabled groups studied., Within both groups, greater

proficiency in simples computation was associatad with greater speed om RAN,

" while less proficient computation was associated with slowar RAN performance.
. The degree of association was substanciai, indicating that some aspects of
performance way be common td both tasks. Sinceégogrelat_ons do not specify
che/nacuéé/;é a relationship, it has yet to be decermiéed whether poor basic

.facé/piifégiency may be, in part, attributable to weak automatization as

reflected iz slow RAN performance. The corralation values obtaired support .

the usefulness of such further investigation.

, .
.
‘\\\ , ~ )
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In addition to the correlational results, it was also found that children

:-m‘__\\ggﬁgggg_age level performed less well than thefr nondisabled peers on

———

——

the AN task. This poorer;§AN performance was anticipatad, given the results -
of previoué research (Blumenthal, 1977; Clarkson & Broverman, 1977; Denckla &
Rudel, 1976; Drake & Schnall, 1966; Eakin & Do;glas, 1971). A tenable
interpretaticz of this finding is that the group diffarences in RAN

reflact diflerences in the automatization dimension of cogaitive style. It

¢ ® .

may be that LD children are "weak" automatizers in relation to their

'

nondisabled peers.

Implicit in the construct of automization cognitive style is the notion
that processing is séeeded as extandad éractice :educesd:he attention required
to peifc;z Toutine components of tasks. The less proficieat aritimetic
perforzance of the LD children suggests that the thinking procasses by
which they derived correct answers were more circuitous and/oF attention-demanding
than those employed by their nondisabled §eers. It has been proposeﬁ tha.
LD crildren's difficulty in nanaging the "flow of attention may result from
‘"incomplete automaticily of certain sypprocesses" (Farnham-Diggory & Gregg,
1§75, p. 197). ﬁgiie careful examination of the specific subprocesses which
m;} be izvolved aas yet to be ;nder:aken, results of the present study suggest

%
that the fazdency to be ‘weak autpmatizers may be implicated in their poor

i
arithmetic performance, - - \

16
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