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Abstract

. Children who perform poorly on mathematical tasks also t_enh to do poorI}

on both auditory and visual short-term memory tasks. The purpose of this'study

was to compare the relative el‘!ectiw;ens: of an intervention puk:ée consisting of

shorb-urm mémory stn@egy instruction md sund:rd mnh pr;cnce with an '
intervention package con:utmg of stlndud mlth pncuce alone. Chlldren who)

. received the combined math* nnd memory msmlcmn were ;‘:redndted to, perrorm

beﬁer on subsequent mnh tasks*than those who recelved onl'y ma'.h mstrucuon,
Fourteen children (menn a;e 10 93 y:;ms) of nvernge ml.elhgenee, who |

performed below average on several nﬁth nnd memory tests” were randomly

assigned” to one of two conditions. A control gmup recuvad math instruction

of pracncll pplication of |he

bnsic math operations. ’[‘he

expenmental g'mnp recewed short-term memory instruction a.ud tnuung in

1ddmon to th: math practice. T for both group: isted of six one—
.- hour ssslons. spread over lhe course “of two ‘weeks. A.ll chlldren were assessed
pre- n.nd post-hutmenl Asment involved both vmul and andn!ory math and

memory testing. The ‘experimental group lmproved slgmrcnntly from pre- to

_post-assessment ‘on both math and memory tasks. frhe math only group did &t. Oy

For-children performing poorly on math and memory tasks, these results strongly '

o1 .the effecti: ofa bined math and memory training program.,
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The generic term, learning disabilities, refers to a hel 1 group of
disorders” manifested by significant* difficulties in the scquisition -arid_use of °

listening, spukin;, reading, writing, reasoning or mathematical abiﬁtie. These
disorders ‘are intrinsic to the ‘individual -and -are presumed to bedue to central
nervous system dysfunction. .Even thnn-gh a learning ' disability may occur

f : N

T e | 5 oL

. concommitantly with other h fil
v e i
it is not the direct result ol‘ those nditions or infl Depending on_the |
definiti used, in ol’ the of ‘school uied childl;en with iearning

disabilities wary fro!v% to 30%, with boys outnumbering girls I;y a factor of 4
to 1 (Kirk and Kirk, 1983). S N
Worden- (1983) outlined two populu models that are used to explnn the

biliti Fromthe. ive of the Developmental Lag

buu.ol‘ learning di
Model, children with learning dmbxhuu exhibit a slow rate of deveJopment iP
particular areas and therefore resemble youngér normal children. U‘nder this
e modei, ct_;gqili;re development_is seen only as slower than norm‘al,‘- not dmer.ent in
any: fundamental way; Learning disabled children wiu‘pr;éru: through the same
developmental sugp as normal children, but at a slower nte Thu view implies.
that with maturation, learning duabled childfen wn]l catch up to their peers. In -’
contrast, from the penpectwe of the Pelmunen& Deﬁm Model, children with
learning dunbllmes show mild vers\ons of symptoms lyplully observed in victims

——
of brnm damnge. These deficits are perrfment ones, Lenrmng disabled children

will contintie to show the same cogaitive prafile as adol inilian s



Mathematies Learning Disabilities. Although learning disnhililiu‘ can be
observed in many school related areas, the focus in this study is on mathematics.

Englehnr'dt 41983) describes several different approaches that are used to explain

the ‘und lying pr nf ociated with a h ics learning disability. The

Intellectual Skiu, Approsch presumes that the learner’s problems stem from a

»deﬁm in some- cognitive’ lblﬁy or proc&. :nch as sequentml memory or .

.'vns\lospaml abilities. Under ‘the Procedural A b, learner difficulties are

ibuted to absent or misordered steps in math ical procediires. This may be

rds

* ® ¥ / s 1 = 3.
seen’ when one does not Have all the mathematical prerequisites necessary to

lete & problem. Th | Approach assumes that difficulties in math,
reflect the failure to /und d various h ical concepts, principles or
.
procedures. i

/
*Two other potential sources of difficulty in addition to those -identified by

Engl _be described. The Math ical Bloek Ap “.mnmh that

. some *children mny :xkubxt a block to mnhzmnum, rzsul'.mg in a lack of

and lently poor math per Under the final :ppmach

probl “may refleet

the Language-A h, children's

s_in reading
and comprehending the wurding nf a problem.
‘Each of !hese approaches could reflect either o! the models discussed by_\

/ Worden (1983). These nppmacbu present a broad spectrum as to the nature of

—

learping They are not exclusive, as a child could have difficulties in all
" or@ombinntiun of areas. Whereas all of the nipronches can be applied to
children who exhibit mathematical difficulties, the Tocus of this study will be on

the first, The Intellectual Skills Approach stresses deficits in cognitive abilities as



the underlying problem. Specifically, this study will focus on deficits in the use of

; . P
short term merﬂ(y.(STMJ strategies jn mathematics disabled children.

Short-Term Memory. Short. term memory (STM),.or working memory as it

is commonly called, refers to a hypothetical buffer in the i

. system where snmuh are held n ily for further p i Hence; STM

has been hypotheﬂzed to play a central role in a_range of important cogmt;ve

1 [ ’ . skills, from speech comprehenslon to- arithnfetic and from learnmg to complex
| reasoning. lnstend of .a single unitary STM system, Baddeley (1982) nrgues that
|

working memory should be regarded as a set of mterrelated subsystems: ‘In hls

s).'stem and two slave systems, the articulatory loop and the visuo-spatial scratch

pad. —

short-term storage of inf ion. The cen‘tral i lTs able io offload some of

the storage demands to the two subsidary slave sy’stems -

. aruculutcry rehenrsnl process. The phonemic store is nssumed to be 'responslble

for phqnemlc similarity effects on STM. “That is, serial recall is better for

b < all

of items than for sequencep of phonemlcslly

!lml]ur items. Accordmg to Baddeley's model access to thp phonemic store is

nssllmed to'be nu!_omntlc for spoken verbal material, but to require nmcqlutmn‘

(model, working memory is divided into three subsystems: a central execunve‘

The central executive forms the cohtrol centre of the system and is assyrged *
. to select and operate various control processes. It is ‘also assumgd to.have a '

limited amount of processing capacity, some of which-could be devoted to tk}p

The articulatory loop consists of two subsystems, a phonemlc store and an .

®
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when ‘the verbal material is presented wsually The arnculswry reheursnl process

¢ is assumed to enhance memory span by rel‘reshmg the [admg memery n-uce of

items regmtered within the p‘honemlc store. thout rehearsn]bthe lifespan of an’

xhem- in storage is short The more rapidly a sequence-of ‘i 1tems can be arumlnted

the nore frequegcly can Jits memory trnce be relreshecl (Baddeley und . Wilson,”

wss) - - W o5

The visuo-spatial scratch pad(kﬁ\b‘zen régarded as a temporary gpatial

memory system and has been’shown™ to be nvolved in mnmpulmng vnsuo—spntml

. ;mformahon Because this study looks at basic math opernuons"thn do not

mvolve the vnsuo-spaml seratch pad, the charactenstlcs ol' thls ‘system will not be,
elaborated further.
a » _ ,

Develogmental $tudles of STM. ,Memory studies comjllcted in the mldale

nnd the late mem have reveiled that by 8 or 9. yenrs of uge, chlldren use

i

numerous strategles as aids.in thelr efforts m temember They rehearse the, nanes ;

of, shmull (by saying the. nnmes repenl&lly) and orgamze stimuli. in terms of

semantic pmperues (by groupmg) Younger ciuldren fail to use these potencmlly

» helpl‘ul mnemonics. Strategles “are ﬁrst use¢ with some conslstency in the enrly

elementary school years. From mlddle and late ‘childhood nnd !hrcugh
adolescence, “there s¢ems to |be a' gradual” developmenm] progression in the

effectiveness and flexibility vith which strntegles are, implemented (Kﬂil and’

vHugen 1982) The acquisition of strategy use occurs with normal develdpment

-

T Devolopmentnl studies hnve I‘ound that when young chlldren fail to use 2 "

particular strategy, they can onen be trnmed to do so. Upon mstructmn they
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show imriediaf improv‘emenu in utilizing the strategy. In these studies, failure to
Ille-l particul. :tutegy’ “does not seem m reflect a limitation in the memory
system itself. Instead, it.appears to-be a failure on thé part of the individual to

employ the lpp'mpl;ilbe strategy. Efforts to instruct elementary school children

who do not n iy use ies have been

ful. Normal children

can be taught to use rehearsal strategies and when they do, their performance on
\ : 2

* 'STM tasks imp: dingly (Waters ahd And 1083). "
Enrliqu!:r groups of clﬂldrgn do not ly employ STM
P LA . i
to their | level. These include retarded individualg and

o

\ children exhibiting attention defi disé:rder.nAs outlineﬁ bel@, research evidence
‘ suggests that both of these’ groups can improve on STM tasks once they receive
inxtrllc‘l'lon on STM strategies. i \ A )

Retarded p’er'so are particularly ine fici at using

and elaboration. These individuals do not

that require rehearsal, izati

tend to \:lhich call for rehéarsal, and thereby

P ly rehearse in si

lﬁs‘e a great deal-of information: As the n;lmb;r of items i a to-be-remembered

list of items-increases, the

of retarded individuals i more
“than it does for normal im'!ivi'dpa!:. Training retarded persons to rehearse leads to
“improved pe;!or'mnnce on STM tasks. In the same manner, pré¥enting normal

results in a  similar to ained retarded

* individuals from

FIETR ‘, Robinson ‘and R bil 1976). M!'q‘eh of the evidence shows that
I o . ¥

for Y

retardéd indi _’" Is ‘can* maintain 8

N . b2 s : N
ranging from two weeks to one year. Although evidence for the generalization of

such strategies with this pdpulation is sparse, what is available suggests that the

»

periods -



ell‘ects of training are usually limited to the particular training context (Hnywood

* Meyers ‘and Switzky, 1982)

Attention deficit disorder children have been observed to have poor school

‘performance; despite the fact that they generally achieve average scores on

intelligence tests. Attention deficit disorder children seem to have no pﬁrticulnr
difficulty storing information, as long as it has been adequately processed. The

processing skills and” effort required to establish clear, well organized

representnuons of new learning in this group of children hequently appear to be
madequave They appear to have less mastery of mnemonic devicesithan normnl .

childrgq. In 'pnrticular, nttenyicn deficit disorder children do not seem to take the -

trouble to mentally rehearse m;xlerial that is to be remembered (Douglas; mssf.
- E »

Attention- deficit disorder children do-no worse than normal children on memory

tasks that provide a built- in strategy for remembering. However, _their

performance is‘notubly worse when tasks require them to gener:ﬁ{lheir own

strategies (Kendal and Braswell 1985).

'

STM "and Learnin DisnbilitiesA Much of the work -on mathematics —

disabilities and STM denclts has followed I'rom earlier studies that examined the
relationship between rendmg dlsabll{hes and coding ef[lclency’ in STM Conrad's

research [1964,- 1972) on phonetic coding has slT)wn that it is more dlmcult for a

b £

subject ‘to repeat a string of
B,C,D,G,P,T,V,Z)-than a sequenc.e of consonafs-that differ from each other in
sound or articulation (H,K,L,Q,R,S,W,Y).' éonn\d interpreted this as evidence

that STM uses a speech based coding system. A clear advantage to the dissimilar
. - -t % £ .

\

‘similiar ~ (kg
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set emerges by age 8. i
Shankweiler, Liberrian, ‘Mark, Fowler and Fischer (1979), kound that poor -
readers were less alfected by the phonemic simﬂsrity of the items than good
readers, This was for both visual and auditory presdntations. Shankweiler et al
concluded that poor.readers were del';cient in the use of a phonemic code. They go
“on to suggest that individual vm;intion in coding'ﬁciency may be a relevant

factor in learning to read.

_ Siegel and Linde‘r ({984) alsq p the recall of ph ically similar
and dissimilnr‘ letter strings in groups of children who differed in reading
achievement. ’i‘he normally ).;chieving children recalled significantly more of the
phone‘mically‘ dissilgilni' letter ‘strin\gs than' the phonemi‘cally similar ones. The
poor readerg did not. Like Shankweiler et al, Siegel and Linder concluded that
normally achieving children show sensitivity to the} pht;pemic aspects of stimuli
during a memory task, but children with a reading disability do not. F urthem}’ore,
Siegel and Li;lder postulated that d_eﬁcits in STM are a general characteristic of'

learning disabilities, and are not just limited to réading. ~
. ¢ e |

— Over the last sev;rnl years, hers have ined the relationshi
between STM skills and mathematical performance. Webster (1079, 1980), Siegel
and Feldman (1983), and Siegel and Linder (1984) found that poor performance

‘on STM tasks is iated with h i lenmin‘g isabilities. When asked to

rec'nll lists of items, mathematics disabled children performed significantly poorer

than normally achieving children. I these studies, lists consisted of letter strings

similar to those devised by Shankweiler; Web;ter used digit strings as well. The, -
" lists were presented eithel; auditorally or jrisunlly. All ¢hildren in,these st\ldies‘ had

L4



a’\'erage 1Q.'s.
Webster_(léw,» '1980) found significant differences in STM capacity nr;xong
three groups of l_mlhemstics achievers. His groups were made up of mildly *
mathematics disabled children, severely mathematics disabled children, and
mathematics proficient qhildren, ranging in age from 11 - 12 years. He con.clm!ed

that the mathematics disabled learners failed to use the same coding mechanism

1

as efficiently as the adequate learners._ * o
.The subjects in the Siegel nn:l Linder (1084) study had" either 2" math
d:snbnhty or were achieving nveragely in math in school, They ranged in age from
7-13 years For the yolmﬁer mathematics d)sabled children (7 - 8 years), no

- ~differences were found between the recall of phonemically similar and dissimilag
letters. The normal group st this ‘sge 'did demonstrate a dirrgrence.' Thy older
mathematics disabled children (9 - 13-years), like the normal groups at this age,

had a significantly poorer recall of similar as d.to ph ically dissi

letters. Over all of the ages, performance of the math disablgd kiouP was
significantly Ic:wer than tlmt of the nermal group. The younger learni‘ng disabled
children in the Siegel and Linder study were chnmcteriz‘ed by n. deficiency in
phonemlc coding. The older learning disabled children appenred to be using a
Phonemic code, but hnd a more general deficit in STM. Siegel and Linder (1984)
suggest that such data supports a developmental lag model in which disabilities
represent a maturational lag rather than a deficit.

‘Bnddeley‘s (1982) model of working memory assumes that t_hg articulatory
loop can store any information, either spdken verbal mnterin}_or through Lh’e‘

articulation of visually presented verbal material. In his research, Webster (1080)



found- a significant main effect mocinted with modality of presentation. Visual
input was superior to oral input. Slegel and Linder (1984) reported defm'.s with

both oral and vmul mmuh However, while no direct comparisons were made,

the deﬁciu.\uw lau obvious with auditory stimuli Although complete

comparisons of the modality differences are not available in these stﬁdiu, the
observed differences suggest the importance of testing in both modes. -
' .
| Math and STM Processes. - At.least bwo different theoretical approsches
have examined the relation between m\ath and STM processes. Brnmerd (1983)

ducnbed a workmg\-mmory .model for mental arithmetic 'in whlch problem

information is first encoded into the short-term gtore and then retrieved and

appropriately procwed‘ Herice, this sequence can be aispllyed as:  numerical
ewding — short-term numel:icl.l store — retrieval from short-term store —
Mitbn;el_tical proéing — response decoding. Such a model allows one to
determine where in working memory the errors -are occuring. Bmin‘erd‘: reseu‘ch

has d that the esti ion of errors attributable to STM

failure is far greater than the estimated proportion of errors: attributable to
gt S

failure. The itude of this diffe , however, is subject to the

qualifying influences of encoding format, type of mathematical operation and age

level.

Baddeley's (1082) model of working memory, as previously descril;ed,
consists of the executive system, the articulatory loop, ‘and lhe’visud-spntinl.
seratch pnd‘.When examining math disabilities in relation to Baddeley's model,
one is ablg to assign elements‘of math’ to the compon_en;.s of the model. The

t
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articulatory loop may store the Arithr;\etic sign and the numbers of a problem,
whereas the executive system may retrieve the algorithm necessary to solve the
problem (Siegel and Linder, 1084). In other words, the nrticulat?ry ioop is
‘responsible for immediate memory demands, such as remembering the numbers of
the problg_m and the function to be perforrﬁed (e;. addition or subtraction). The
executive system comes into play when ineomi.ng inforniation (a new problem) is
integrated with past l‘(nowledge of what to do w}lh it A: math and memory

processes have been_shown to be related, it seems that Inefficiént "use of the

‘utlculatory *loop is raponsxble for the problems’ wm:essed in children who

perform poorly on both STM and math tasks. It is this Ioop that controls the
retenhon of information through rehearsal Those who make inadequate use of the )
loop are hkely to be poor at. math (Baddeley, 1979).

An assortment of memory strategies can be used to aid remembering or to
improve memory span performance. Rehearsal, for example, can be as simple as
spontaneous overt verbalizations. Rehearsal is not a common co;nitive activity
prior to 8 or 9 years of age, and may not be evident in older children who exhibit
poor pen‘ormanée on STM tasks. Another memory 'strategy 'L‘volves aiding
retention by deliberately t;rganiz.ing stimuli in terms of their ]fnembeﬁhip in

conceptual categories. Similar to categorization is the procedqle whereby one

clusters information into groups: For exnmp'le, in digit span tagks it helps if one
attempts to remember two 3 digit numbers, rather than ong 8 digit number.

Meinory is often improvéd when children are made aware that they must employ

strategies to aid their recall (Kail and Hagen, 1982). Mental r, hen;sul has been the

main teaching strategy in. work done with mentally retayded, attention "deficit



disorder, and learning disabled children.

J ‘
Proposed Hypotheses. In summiary, ruench‘ has shown that children who

"exhibit mathematical difficilties may also perform poorly on STM tasks. This.

relationship has been discussed by Siegel ﬁnd‘Li‘nder (1984) Such a deficit falls

under the ]ntellectual Skills Approach model ifescnbed by Englehardt (1983). M

the same nmu, work wnh normal, tally retarded, .and attention .def.im ’
disorder children 'has shown that instruction. in strategies such as rehearsal are
effective in 1mprovmg their performance on STM tasks.

Torgesen (1980) and Torgesen and Goldmnn (1077) suggested thaz it should
be possible to improve-the performance of learning disabled children on at leas_c
some kinds of reading tasks by teaching them to use more efficient’ mehory

learning strategies. *Expected differences between disabled and normal children

on the basic—task would be significantly reduced if both groups were given

external suppﬁn in the use of verbalization as a' mnemonic strategy* (To‘egesen

<
and Goldman, 1977, p.59).

The present research focuses on children who are of average intelligence, but”
who perl‘orm ‘below average on mathemmcs and STM tasks. Given the apparent

5 o Ui gee

relati i botween ic and STM, instruction desngned to

improve performance on STM tasks should lead to an 1mprovement in their
mathematical performnnce

Children who receive both STM and math instruction will be eompnred to
children who receive math instruction alone. It is, hypotlgesized that those children

who receive STM instuction will suvbs:qu'e.ntly improve on STM tasks. Those who



b
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do not receive this training will not show an improvement on the STM tasks.
Furthermore it is hypothesized that those children who receivé the combined

‘ s "
treatment (memory plus math) will show a significant improvement on math tasks

over the -children who, were § instructed on math.- The STM strategy

instruction will be instrumental i ‘mprovements seen over the lesling sessiaus

Several considerations nflist be made when developmg memnry/mnth
|

mstruchon prog‘rnméBy -taking mto account the suggestwns of many authors, |
E developed a program tha felt best suited the aims of this project
As suggested by )

. mampnlate the basic task (ie. use of STM strategnes) by presenting it in a- variety
of forms.” These authors also s\lggest that to ensure task fnmlliariznlion, prncticn
should be in¢orporated and explicit verbal )strnctlou be glven “ As applied to
teaching the use of strategies, these suggestions nmply thnt a-variety of types-of
straleg‘ies should be explored. There are several different ways to present the

condept of strategic use of STM, ‘and thereby encourage strategy use. These

include rehearsal, chunking,’and categorization. I decided to give extensive

practice With the rehearsal technique as this has been the main teaching strategy

with other groups of memory-deficientchildren (Kail and Hagen, 1082; Robir\nsogn 1

and Robinson, 1976; and Waters and Andreassen, 11;83). Practice with this
technique involved both auditory and visual modnlif.ies. ~The digit strings
presented were,of vm-ying)engths. [nst’ructi‘ons wer; repeated many times to the
children. i :

" Kennedy and Miller (1976) suggested that persistent use and utility of a

newly acquired strategy (rehearsal) may degend, ‘at least in p’nﬂ,, on having a

12

aters” and Andresmzen [1983), a researcher should |
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rationale for .engaging in such activity. They found that feedback given to

‘children oh how well they rehearsed helped their perl’brmance. By demonstrating
effective strategy utilization, I was al;le to give the children kno;vledge about how
the meméry system operates and its role in strategy genem]i\zatibn (ie. )
m‘ecnmemory). Strategy traini;mg must be linked with use and' wi;h an
undersznndin'g of the gyszen;. Training on STM tasks should therefore include
inn;rmnt"n about the ;trategy, how it_can help, practice with thé strategy, and
feedback, all of which were incorporated in the present study. ’

To test-for the specilic effectiveness 0f‘(qemory‘ training, two g‘g'oups were,
ulilize“i.AEach g'ro‘up vreceived the same attention to '_mathf‘r Only one group

received the memory training. - ®



Subjetts _
Subjects were selected from the population of children referred to the
Diagnostic and Remedial Unit Yvithin the last several years. This Unit, within the

Education &ep at \ ]anemt A Newfoundland, isea referral

centre for school aged chlldren Irom the provinceiof Newfoundland who are ellher :

experiencing Iexrmng problems or‘,are facing an issue regarding their undemlc

t at school. Examination of the 350 current files at the Diagnostic and
Remedial Unit yield;d a list of 30 children whose files contained inl’ormnlit‘m‘
meeting the following five criteria: (a) the children had a mathematics problem as
defined by below average math scores on a diagnostic math test %or a specific -
request ;ur math remediation from the school; (b) the childrgn. l;nd some
indicalit;; of a memory problem as c}el’ined by below average memory scores on a
standard test or poor retention observed by school ﬁﬁonhet (c) the childrens'
intelligence was within"average limits; (d) the children were between 9 and 12
yems of age (inclusive); and (e) the children lived within a reasonable driving
dlstance of Memorial University. The parents or children who met all eriteria were
‘contacted by phone, informgd of the proposed study, and asked if they would like
their chi\ld to participate in the group. Fifteen families indicated interest, with 14
children actually completing the program. One child did not return after the
initial assessment. _
Fourteen children, between the ages of 9 years, 2 months, and 12 years, B



mﬂnths partivipated in t.hi_s study, (mean age = 10.93 years). These inc‘luded. 12
males (mean age = 11.02 years), aqd 2. females (mean age = 10.38 years).
Subjects were assigned to one of two groups, the STM group or the n;atly g-rcup//
Because all 14 children could mot be run at ance and holidays and camips
interfered with scheduling, two successive sets of groups Were set up, one /e/m:h
during Jnl} and August, 1985. G}'oup assignment took place in several stages:™ :
Eight ch’ildren were initially avail_aiﬁ-fe to start the prograrﬁ in- July. These
children were divided according to sex.and paired on the basis of age, making 4
% 3 % . i L.
pairs. Pm‘rs were matched again on the ll)y ol a% ts of 2 pairs ?f
c‘hildrevnA One pair from each set was ‘randomly assigned to each/ group. Each
group had two pairs of children. ! .
The second set of children were tested.during August. These children were
also paired in the same fashion and ;;ssigned"tq a group.’As there were 6 sl’xbjects
(3 pairs) in this group, 1 pair was assigned to each group. The remaininvgmihr was

assigned "to the STM group as a female was in it. The only otheF female (from

~—group 1 0 assignéd to the math group. Overall there were 8 children (7

Gles and 1 female) in the STM group, and 6 children (5 males and 1 female) in
the math group. ‘
In addition to the children who participated throughout the study, four pilot

subjects were used to helﬁ. develop the treatment procedures. None of these

children had learning problems.



Materials and Aldministration Procedures

»
Speific- assessment techniques were selected for each of the relevant

functions ftfiportant to this stnd;'.
B} > 3
General Intelligerice. Two subtests l‘rol;n the Wechsler Intelligence Scale for ;
: Child.r»en - Revised (WISC-R) (Weschler, 1974) were administered to ensure that '
‘for both normﬁtive and comparision purposes, all children were of nver-nge
intelligence. The WISC-R is the. mos‘t commonly used testvm qssess: child‘rel‘|‘s’ N
intelligence. It consists of 12 subtests (two.of which are 5pcio;\ﬁ1) - 6 verbal, and 5-
non-verbal or performance task sul;tests. The two subtests used in this study were
the‘Vocal)‘ular)" and Block Design subtests. Tlgis short form of the WISC-R has

been shown to be valid for screening purposes (Silverstein, 1074, 1983).

.b;lemorx Tasks. Two memory tasks were lsed, one denlink with auditory

STM, the other with visual STM. The auditory STh)l task consisted of the Digit

" Span subtest from th.e>WISC-R. This subtest requires that the individual repeat
number strings read aloud by the exnminer‘, in both forward and backward order.
The number strings increase in length from 2 to 9 digits. The test begins with the
presentation and forward recall of digit strings. String length is incressed by one
digit until children make *two- consecutive errors on digit. éfrings of the same
lénéth. When this cr.iterioﬁ is reached, the strings to be repeated backwards are
aymresented in the same w;y. Froﬁn this, th’e e);nminer obtains a raw score censisting

* of the total number of correctly repeated strings. Based on age norms, this




17 )
number is c‘onvertedlinw a ;s!andnrd score with a mean of 10 and a standard
deviation of 3. o ‘

"The vusunl STM task was the Visual Attennon Span for Letters subtest from
lhe Detroit Tests of Lenmmg Aptitude (Baker and Leland, 1087) The Detroit

_Tests of Learning: Aptitude is a diagnostic test comprised of 18 subtests designed
to examine children’s learning problems. It has normative data fpr children
between the ages of 3 and:lb. The‘( Visual Attention Sﬁin'for Letters subtest"
consists of letter strings that are presented simultaneously oﬁ ca\-‘ds. When the
cards \are removed, the sui)jeci must recall .the ;>roizer Seliuenc; of the Ietters.‘
These strings vary in Iength from 4 to 8 letters, beginning with the letter stnnp/
with 4 letters. All of these strings must be repented in forward order. The test is
con'xplete when children make four consecutive errors. Based on how many letter
strings the chilqren remember correctly (raw ;core), -a standard score is obtained

by comparing the raw score to normative age data.

v« Math Performance Tasks. As with the memory tasks, two math tasks were
chosen for administration. Both were taken:from the KeyMath Diagnostic test

(Connolly; Nachtman, and Pritchett,.1076); Which is an individually administered

test designed to provide a di i i nent of skill in h ics. KeyMath
test items are divided into 14 subtgsts organizéd iino 3 majo} are;s': content,
operations and applications. The m;nlul ‘computatiqn section from the.KeyMath
N
¢est was used to tap uudiioxy math lperformance. This section .is made up }':F 10
) mental math questions designed to become' increasingly difficult over the l;zggth of

the test. The mental math questions are presented orally and have to be ‘answered
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orally. This section is discontinued after 3 consecutive errors. A standard score is
obtained by comparing the total number of correct answers (raw score), with 'the

o .
nnm{niv: data. = * >

.
Visual math performance was examined using the” written computation
section from the KeyMath Test. This section is divided into 4 subsectiom,‘ eqch'

and

dealing with a specifie
.in each subsection, all p d'on
- ¥
- paper. Children are given '.he pmblem sheeh ‘and uked to solve l.hem in writing.

division). There are between 1245

For each’ subsection, a sux\dard score is obtained !hmugh the same procedure
used for the mental math problems. b )
O‘lh_er materials used in this study included math sheets and math pr‘ul_)lems,.

as designed by the examiner. Exnmple; of these are presented in Appendix A and

: Appe respectively. Other activities and g;ma used during "’i trenment

iogls are IBled under Appendix C.¢
rocedure S - ’ A -

Each sub;ect was mdmdnally assessed twice duhn; the prognm, once

before lreatment began, and a;:nn at the conclusion of !rentmenl

S

' Pre-assessment, P ess isted of an i | session with, eaclt
child. During this lseuion, the child was screened for intellnct‘uul’ ability, using ﬂl\ﬂ
. Vocabulary and the Block Design subt‘es!s from the WlSC—B. Then the child~was
.muse‘d on the two memory tests, the bigit Sénn‘llib!é!l from the WISC-R

% . A : '
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(ludiw}y memory) and the Y‘uual Atunzi&n Span for Letters. subtest l:mm the
lielroir‘l‘éu of Learning Aptitude (visual memory), followed by the two math
‘tests, the-mental compl;utionl section from the K«yMn!h Test (auditory math)
,+ and thewritten comgghtions section from the IZeyMnh Test (V'mnal. math]. A
child would not have been included in this study if-he or she had mot performed
below average on at least one of each of the STM and math tasks. In fact, all
chlldren performed below |uuge on n.|l of the tests. At the complenon of all pre--

tul.mg, l.he pn.renn were cllled and given the dnte snd tlmau‘[ their chlld 's first

& session‘ L
E o %

lntervennon Treatment consisted. of strntezy mstructlom nnd/or m\pth

% prnctm The STM groug retewed mstructmn on STM strategies, pmuce using
B ~“these sh_nt‘e_gm, and “math prutm The math practice was aimed at
s incorporating the memory strategles into the math problems. The math only'b
. group received math gmhce identical to the" STM group with the exception. that
. all reference to STM or_memory :tralegi’u was‘eliminlted. In both groups, during
math practice, the, g’hildren were corrected if they m‘adg errors due to improper
o ‘;“ of . math rules. Pl..il:l of children met for the actual lrentmen.t sessions. This
enabled the e’xaminer to watch. the pi‘ogresq of each child closely, ind to prf;vide
. ’ enzh child vnth mdlvxdnal;zed instruction. A pair remained '.ogether for the length
g .ot the pgngrnn} Tha treament nxtended over a two week period, with sessmns :
e held three umes 13 wee,k for an 7our ata tnme

&

E An'nutlme of the program as deslgned by “the exummer is ngen in Table 1.

The chlldren in euh condhlon received v.he -same amnunt ol mulh prncuce time.

e




Table 1 .
Program Outline’

s é\

Sessmn 1. (50 mim
ry .

-lmry acanple
-memory strategies and practice
-1|emxy game P

'Sﬂsicn 2. (60 mins.)

-review of memory strategx.es
-memory’ practice -
-memory game

;skm 3.

-memory practice (Smi.ns)
-math facts (15 mins.)
-math sheets (25 mins.)
vmath game (15 mins.)

Session 4.
-memory practice (5 mins.)
-math facts (15 mins.)

. -math sheets (25 mins.) .

-story problems (15 mins-) ]
-math game (if time) \

+ -math game (10 mins.) w

Session 6.

~memory practice (5 mins.)
-math facts (15 mins.) . k
-math sheets (30 mins.)

-story problems (10. mms )

© -math game (if time) - .

20

Session 1. *

-math facts (10 mins.)
-math sheets (20 mins.)
~activity (30 mins:)

Session 2. ;

-math facts (10 mins.).
-math sheets (10 mins.)
-activity (35 mins.)

. -math game (5 mins.)

Session 3.

-math facts (10 mins.).
-math sheets (10 mins.)
-math game (5 mins.)
-activity (35 mins.)

Session 4. "

-math facts (10 mins.)
-math sheets (10 mins.) .
-story problems (10 mins.)

-activity (30 mins.)

Session 5.

-math facts (10 mins. )/
-math sheets. (20 mins.)
~-story problems (15 mins.)
-math game (15 mins.)-

Session 6.

-math facts (10 mins.) B
-math sheets (30 mins.)

-story problems (15 mins.)

-math game (10 mins:) _
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While the STTM/g'roup i-gceived memory practice, the Math Only group were
engaged in activities that did not deal wiilh math or memory (see Appendix C).

For the STN; g-roﬁp, memory strategies involved mainly training in rehearsal
(subvocully repeating things to oneself), but also in chunking (breaking items into
groups). Strategy practice also included .games designed to cr.mintrate on
memory. [ began the first session by focusing on memory. I asked the children
what memory is and what thrzy do if they want to rem;amber something. I asked-
them to think of ways to remember things (eg. *How do you remember spelling
;md history? Whnt- about a phone number?"). We then discuﬁsgd their ideas.

Next, the children were glven examples of applymg memory strategies. The
hrst example used Visual Memory Cards (from Developmental Learnmg
Materials). I gave the children 2 séts of plctures to remember, one set at a tin\xe. .
The first set was scrambled on the gahle. It included pictures of a pipe, dog, ke;,-
milk carton, light, line,” and fork. The second set was presen‘ted in an orderly
frishion, the cards were lined ﬁ}n pairs,l and each pair had a similar feature.
These included pictureﬁ of h;;mmer and scissors, chair and lamp, h.oy and girl, and
tree and flower. Although each set had 8 pictures, every chil‘d found the second
set easier to remember. They were asked why. We talked about organization,
grouping things that are similar, and remembering small groups of information at ~
a time. - . o

The other memory example dealt with number strings. I presented each
child with a number stringy{(5 digits) to remember. One child in the pair was not
given an opponunily‘ to rehearse (I .uked him or her questions). The other .child

in the pair was helped by me saying the digits out loud over and over. Tl;is led us



22

to talking about having to concentrate in order to remember, and the ndvnninges
of being able to say something over and over to yourself in order to help you

, i.e. the reh I techni

The next stage of memory training involved actual practice with rehenrsnl 1
began by placing mdex cards that had number strings written on them in front of
each child alternately. A total of 150 cards with number strings varying in length

from 3-8 digits on them were used. The strings were generated from random

number tables. We began with the 3 ‘digit cards (eg. 528). *Here are some
numbers that I want you to refnemher. Let's say them out loud, 528, 528, 528,
528, 528, 528. O.K., T'll take the cn'rd‘nwny, and let's see if you can remember
the numbers.* Starting in this manner, the childr;n would always get the strings
correct. They were congratulated and were sl\ow_n the card.

Alter a few items'I would stop vocalizing the string, but encourage the ¢hild

to continue. Later, I asked them to say it over and over just inside their-head: As

the children -became proficient at the task, I increased the number string length,

. and shortened exposure time.

We went through the same routine with auditory number strings, starting
with 3 digits and working upwards to a maximum of 8._After every exn‘mp]n. the
children were told whether they were correct or incorrect ﬂl‘!d were always sl’;nwn
the card so that they could see for lhemfelves.

For cards with' 5-8 dj§its, I z;lso introduced chunking, or bren‘king these
longer number Stril!g! into smaller groups. For Al’nst‘:mce, 634254 hecame 63, 42,
54, or 834, 254.

At the heginniné of every session, time was spent reviewing and practicing



the rehearsal technique. E > &

Math practice for both groups consisted of written and mental

computations. This was divided into several sections: (a)Math facts, such as the
times tables, (b) math sheets, (c) story problems, with both verbal and written
answers, and (d) verbal math questions, such as *what is 2+4+8= ?*. All
practice involved the four basic operations. The children practiced on .addition
ﬁ;;t, and then, subtraction, multiplication, and'divisiom ‘This follows the standard

organization of teaching math.

Post- ent. ‘At the cqmpletion of the program, the children were once

again seen individualy. This sssessment took place the day immediately followipg
u.7' inal ssasion; and the chiidreas were:sdministered the four teats ( 2 math and 2
.memory). Follo‘wing{ the completion of the program, a letter was written to the
parents of the children, giving inl‘orr’ni:tion on how their child performed
;Lhmughout the program, resuits from pre- and [‘;osb-tsting, and suggestions for

continued remediation. \
[




Results ~ : -

The results obtained through_this study clearly demonstrate several findings.
First, as predicted the children in the STM group’improved signiﬁcnntly’on the
memory scales. Thé math only group did not. Secondly, and more important to
the focus of this study, ‘:}:ildren wh’o received both STM instruction and math
practice” improved significantly more over time on math tnsks’ -than. did those

v e . . -

children who received the math practice alone.

General Intelligence and Age Comparisons. At pre-treatmient there was po

significant difference between the ages of the children in the two groups; t(12) =

0.35. The mean ages were 11.02 years for the STM group and 10.82 for the mnth’ J
group. No s;gniﬁcn‘nt differences were found between the two groups of childrv.-l!
on measures of L.Q.: Vocabulary, t(12) = 0.75, .';nd Block Design, t(12) = 0.30,
On Vocabulary th;s mean scores were 9.5 for the STM group and 838 for the math
-group. On the Block Design, subtest the STM group had a mean score of 9.7 and

the math group had a mean of 9.5. -
. -

4 - '
Overview of Analysis. “Both the raw and the standard scores E)r“ench
measiire were a;mlyzedA Because the results were Avirtuall‘yﬁentiml, only the
results'from the analysis of standard scores will be reported. ’[‘he‘standard scores
refe;- to an age or grade level. All raw scores a-re presented in Appendix D, all
standard,scores i;‘l Ap;;endix E. The results of the statistical analyses performed
on the standard scores can be seen in Tables 2-5. Analyses of the raw data are ”
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The Digit Span Subtest - Analysis of Variance on Standaid Scores -

- Source of Variation ~__ss

af us F
Between Subjects X
A (groups) - ! 2.678 1 2.678 0.738
- Subjects within groups . 43.500 12 3625
Within Subjects : . »
7B (time) . s 7 30.035 1 30,035 37.939
aB . 12.964 1, 12,964  16.37
B X Subjects'within
 groups 3 9.499 12 0.791
) =
2D
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’Ihble_'!

< The Visual Attention Span for Ietters Subtest - Analysis of
Variance on Standard Scores

Source of Variation ss af s F
Between Subjects - )
A (groups) 6.785 . 1 6.785  6.462

Subjects m«-mn groups  12.600 12 1.050
Within Subjects g '

B (tire) , - 6.270 1 - 6270 12658

P 3.192 1 3192 © 6.444

B X Subjects within )

* groups 5.944 12 0.495 °

-
)
"
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Table 4 .
__The Mental Camputations Subtest - Analysis of Variance on
Standard Scores 2

o

Source of Variation - Ss af S M F
Between Subjects )
A ) 7.832 1 7.832 2.950
Sub; within groups 31.851 12 2.654
« . -
Within Subjects -
B_ (time) . | 21.262 7 21.262  20.164
- AB. 5 7.893 1 » 7.893 7.485
B X Subjects within :
groups 12.653 ;12 1.054
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Table 5

The Written Camputations Subtest - Analysis of Variance on
Standard Scores

o
Source of Variation ss af MS F
Between Subjects .
A {groups) 33.820 1 33,820 . 1.072
. Subjects within groups 378.482 12 31.540
Within Subjects
R B (time) 250.203 -, 1 250,203 - 97.153
: 2B 59.337 L 59.337  23.040
‘B X Subjects within .
groups = 30.904 12 2.575
v
.- '
i LY - .
TR :
1
\
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presented in Appendix F. The means and standard deviations for each set of data,

di di 1

raw and standard scores are p in “r, G and H, respectively. -

For each of the four tests, the standaid score for each child was submitted
to an analysis of variance where groups ('/Ty.and Math, and Math’only) was a
between subjects factor and test (pre— and post-) was a within-subjects factor. For
each analy'sis, when significant intersctio_ns were noted, four multiple comparisuns
were perl‘orme:l using the Scheffe method. To determine if vany differences ei(}sted
between the STM and math only groups at the start of testing, performance on
the pre-tests for each gl;oup was compared. To determine whether the math only
group improved over time, a second comparison examined l;erl'ormance at both
pre- and post-testing. Similarly, to A;letermine whether the STM group improved
over time, their performance was compared n‘ pi?r and posi-testing. Finally, to

determine if any differences existed between the STM grotp and the math only

_group at the end of testing, performance on the post-tests for each group was

compared. Unless otherwise noted, all significant effects were reliable at the .01

"level or beyond.

¢ ’

- Auditory STM Task. The standard scores on the Digit Span subtest of the
\
WISC:R were analyzed. As can be seen in Table 2, a significant Thain effect of

time of ﬂs‘ﬁng was found F(1,12) = 37.94. As shown in Figure 1, this effect was

) qualified by an interaction between groups and time of assessment (pre- and* post-

testing), F(1,12)' = 16.38. The Digit Span scores only improved at post-testing for
subjécls who received memory training. Perl’a‘rmnnce of the math only group did

not change from pre- to post-testing, however the STM group did show an



—stme
math o

10-1

mean score

7=

.
' Figure 1. The Digit Span Subtest - lean Scores at Pre

. and Post-Testing.



31

improvenient in performatce over time, F(1,12) = 53.3. Alfhough the STM
group recalled more digits thah the math only group at poshesting, the effect

failed to reach significance.

Visual STM Task. Visual memory was assessed through the administration

of the Visual Attention Span for Letters subtest from the Detroit Tests of

Learning Aplitude. As shown in‘ Table ; time of testing was significant as &' main
effect, F(1,12) = 12,68, a3 was the effect of group, F(1,12) = 6. 48 p<.05. Flgure

2 the signifi " int tion between groups and time of- usessment

'F‘(l,12) = 6.44, p<.05. Only subjects who received memory trammg recalled
more items at post-testing thnn‘ at pre-testing on this subte§¢. Similar to the
auditory STM task, the STM group recalled more letter strings at post-testing

e n
than at pre-testing, F(1,12) =.18.87. In addition, at post-testing students in the

@ STM group recalfed more letter strings than students in the the math only gmup,'.

F(1,12) = 9.3, p<.05. -

Auditory Math Task. The standard scores on the mental computahon

section of the. KeyMath test pertained to ;ﬁiltory math performance On this

dependem measure, as seen in Table 4, a significant main effect of tlme of Lestmg :

was found, F(1,12) = 20.18. Figure 3 shows the inferaction between groups at

pre- and post-testing on nuditor); math performance, F(1,12) = 7.49, p<.05.

Specific c&l}périsons revealed that although the math only group did not improve__

significantly over the course of greatment on mentul math computn.tlons. bhe STM
. group did improve, F(L, 12) = 27.2L At post-testing the STM group’ correctly

answered more of the auditory math questions than did the math only group. This

N

B3
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. was I‘o‘nd For addition, F(1,12) = 6.00, p<.05, and for-subtmcuon F(1!

' h Coosi
2 .

5 o = g R
difference apprdached significance but failed to reach the required levels.

Visual Math Task. The ﬁnal dependent me‘a,snre involved an analysis on the
standard scores of the written computmon section from the KeyMath test. As
seen in Table 5, a slgm[lnan'. main effect nf time of testing was found, F(1, l") =
97.15. Figure 4 xllustrates the interaction bezween groups and time of assessment,
“F(1,12) = '23.04. This interaction reﬂected the significant improvement ol' the
STM group from pré- to posb-tesung on written nfh computuuons, F(1,12) =
113, 50. : .

T . - .

2 . i -
Other Analyses. The written computation section of the KeyMath test was*

comprised of four sub-sections. Performance on the addition, subtraction,

multiplication and division sections was examined individually. In order to °

] N -~ «
determirie” the differences between the two groups -on each operation, four

individual anovas and sets of means comparisons using the Scheffe method -were

. )
performed.

No /sign\iﬁc_ant interactions were found between the two variables, groups
and™tim€ of assessment, for addition, F(1,12) = 1.34, or for subtraction, F(1,12)

= 173, For each operation however, a significant mail effect of time of ?e‘/s\ing

o

36. 29
A significant main effect of time of testing was found in_the analysis of the
mnltiplicnb\ion problem standard scores,. F(1,12) = ‘17.64. This :\mxlysis‘ nlso.
revealed hsigni[icnnc intemctif)n hetwee_xi groups and tifm of testing, F(1,12) -
- " b st PR
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p )
16.89. Only the STM group improved over time on multiplication problems,
F(1,12) = 58.97. '

—
N The final analysis examined the standard. scores from the division problems.
A significant main e’(r;cc of time of testing was found, F(1,12) = 51.40. An
interaction was found between groups Pnd time of assessment, -F(1,12) = 30.42.
Although the math only group did not improve from pre to post-testing, the STM
group did, F(1,12) = 80.78.

Pre- to Post- Age’ and Grade Differences, All subjects who took part in this
study were perfol"ming below average on both math and memory tasks. Over the
treatment program ﬁom_pre- to post-treatment, children in the STM group
reached the normative scores, whereas children in the math only group did not.

3 ,

The gains made in all task areas are displayed in Table 6.
-



Table 6

Mean Scores for Groups at Pre and Post-Testing on all Subtests

+ % Digit Visual Attenticn Mental * Written
Computations

i for Letters
norm  :10.00 10.82 . 4.8 4.8
Math pre 7.5 9.05 3.7 4.4,
Group :
post  8.00 9.08 4.2 5.0
norm  10.00 11.02 5.1 5.1
sm pre  6.75 9.67 3.7 4.2
post  10.00 11.34 6.3 6.3
pe
*
-
N "
e v
s -~
S .
L4 .
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[
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Discussion .

Research has been generated over the past few years linking poor
performance on math related tasks tith poor performance on STM tasks.
Children who are not retaining given units of information in memory will be
unable t.o perform on tasks that-require average memory skills. When children
have to_wgrk out a mathematics problem for instance, theyv have to remember t‘he
operational sign and the various numbers involved. Retaining this ‘informntion
become; more dirl'icuit when the problems are longer, involve more numbers,
more complex computations, and possibly more written or verbal directions.
Children_who for some reason are not wglearsing these units of information
effectively will quiokly forget them. {

Since the relationship between poor performance on math and STM tasks

has been made, the purpose of this research. was to examine the relative

effectiveness o‘[ memory instruction on children who are poor at both math and ~
- .

memory tasks. Children falling into this category rfceived either standard math
remediation consisting of chtice with the mathematical operations or memory

strategy instruction in addition to the math practice.

The results of this study strongly ~demonstrate ?dvanmge e

incorporating STM instruction into a standard math remédiation procedure.

First, consider the effect of memory instruction on memory per(ormnnce. As

' »
predicted, children’who received STM strategy instruction improved significantly:

on memory tasks over time. These results repeat those reviewed by many authors

(eg. Robinson and Robifson, 1976; Waters and Andreassen, [983). Providing

-
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in memory ies will improve ps . ¢ on tasks reflecting use

of that strategy.

Second, consider the effect of memory instruction on math tasks. This study
demonstrated that children who received the combined treatment did make
significant gains from pre- to post-testing on standard math tasks, while the math
only group did not. And, ‘although most of the comparisons between the

performance of the STM and math ‘only groups on post-testing did not achieve

siguinca\nce,‘the STM group ‘always performed — bétter. F_or children who

demor;szrate both math and memory deficiencies, a remediation program offering

math practice in close association with STM instruction far outweighs the merits

of traditional math practice alone. o
.

The v;)gl math problems presented to thewchildren during testing sessions

included all folr basic operationé of addition, subtraction, multiplication, and

division. Per on thes i were analyzed separately and

significant interactions were found between groups and time of tesiing only on the
multiplication and division sections. Despite the fact that the math only group
made some deﬁge of improvement ;)n addition and subtraction, they mdde no
headway with division and multiplication probleins. The effects of STM training
were only apparent on more complex operations. '

Multiplication_ and division inyglve ‘more steps than ,do addition and
subtraction, and are decidedly more complex. ’f‘hey are an expansion of the
addition and subtraction operations, as for example, a multiplication pmble;n can
not be completed without a knowledge of addition. Considering this, it follows

that children who display poor memory performance will alo have greater’
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difﬁculty recalling and completing all the steps required when performing
multiplication and division procedures Those proficient at remembering are hkely
to make fewer mistakes on these compla‘( operations. In this study, children given
instruction in memory were l{etler able to perform on‘tho types of problems that
demanded good memories. - Lo

T.he children included in this study were performing below average on all
administered math, and memory tasks. At pos'flsses?ment,. the STM ‘group
performed at or above age-appropriate levels on all tasks. The math only group
did not. This shows that through appropriate instruction, learning dis:‘\hled
children can be brought up to the same performance level as their normal peers,

Learning disabled children, like other gr‘oups that s!mw performance
deficiencies, do not spontaneously employ appropriate task strategies in a variety
of situations. Thus, zheir\low perﬁ;rmance on many tasks can be attributed to
failure to engage in certain kinds of goal directed activities rather than to
structural or capacity limitations. Researcil,has shown that ‘learming disabled
children are slow to develop in their \lse“t;f efficient encoding strategies, such as
verbal rehearsal. The‘;’:erformance of learning disabled children has been shown to
improve significantly following instructions to use a verbal rehearsal strategy on a
recall task. Such improvement in performan‘ce suggests that failure to.apply the
strategy spontaneously may have been an -i-;purtant factot leading to the
ongmally deficient performance on the task (Torgesen, 1980). .

“  Siegel and Linder 11984) have described the STM difficulties usccmed with

1 ical probl as reflecting a ional- lag. That is, children with
L]

' learning disabilities develop slower in terms of employing STM strategy use. They
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beliéve that these children will achieve normal levels over time. Children with
learning disabilities are deficient in certain areas. If a deficiency is identified as
dependent on the strategic use of the memory system, it should be modifiable. A

deficit or a structural deficiency would not be so. The distinction lies in the ease

with which iggprovement can be Brought /a,bout through training. With retarded -
p ! 1
i

individuals for instance, the inference of a rehearsal deficiency®in the mgmory’
process does not suggest a structuralinitation, but instead a failure to employ
the appropriate process. Training retarded individuals’ (or learning disabled) to

rehearse elimi the differe between their perf and that of normal

\ persons. This suggests a Y, a failure to sp . employ
rehearsal, not a structural deficit (Robinson and Robinson, 1978). The results of
this study suggest that learning disabled children can perform on tasks similar to
normal children, once given instruction. This follows a maturational lag moder
not a structural deficit mode).

For the tasks administered to the children, both auditory a&i visual modes
were used. According to Bgddeley‘s model, any information presented which can
be ;':r!iculn_!ed will be s'::red n the articulatory lo’op section of wo\'king memory.

Therefore, both auditory and visual infornation, if articulated, reach this loop.

The two STM tasks given to the childten were not strictly comparable. The digits

on the auditory STM task were presented sequentially. The letters on the visual

- task were presented simultaneously. Theref«‘)re, differences between auditory and
visual STM performances could not be analyzed: This limitation prevents a
comgalrison between the results found ‘in this study and previous studies that

found a modality difference (eg. Webster, 1080). This does not affect the’
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important conclusion that the same pattern of improvement wasiseen in each
i '

modality.

It is difficult to decide upon and plan a program that aims to improve both

math and memory performance. Given the strong results obtained with this study
however, various other factors conl&) be examined in future studies. The first
point relates to generalization and n;n'nintenance of effects._ In this research, 6nly

d, and only math was tied into the meméry practice. Trying to

math was exal
generalize memory strategies beyond the math process may h;n‘re an added
Jbenefit. One must also wonder as to the long term g‘nins of such a short term
treatment. However, as the effect of the combined method of teaching has been
shown, sustaining such a program with these children, should enable them to
coﬁ;inue to perform on math and STM tasks at age appropriate levels. -

It does seem necessary, for STM/math disabled children, to 'incurporate the»
memory instruction with the math instl:uction, asa con}oinl package. The effects
Coof receiving memory instruction only were not controlled for in this study.
Without this control, it is not known whnt&e subsequent performance on math
tasks would be for the child who received only the memory instruction. As extra
math practice is a common occurrence in academic settings, it would make more
sense to the student to incorporate new strategies into the problem area.

3 Althougil not examined in this study, it would be interesting to analyze the
types of errors made and base memory instruction on it (see Young and O'Shea;

1981). Children making errors on -long addition for instance, may benefit from

receiving instruction on grouping - remembering 14 and 32 instead of 1,4,3,2.
.

Children making errors 9;1 word-problems tnay be helped by rehé;rsin'g‘ only the

L]



main elements of the problem.
In summary, the results obtained from this research study clearly indicate
several conclusions. For children who are performing poorly on STM. and

h ics tasks, a bined STM/math i tion package will far outweigh

the merits of math instruction by .itsell. One must ‘address _!he deficit which as
_expressed throughout }hu paper, may ;1-6&' be-jmt'nilth. It is important therefore
’ to exul"e the math process, to determine -why errors are occuring. With this
knowledge, one can prov;ide a mathematics learning disabled ohild wiﬂ; a program
that will help him or her to achiéve at age-appropriate levels.

3
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Appendix A

Math Sheets

The following are the math sheets given to éach' child in both the STM

gn;up and the math ;'mly group. & 5 % :
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name:

' 836 733

46 91
-21 -53 -374 -699
8746 7411 62371 30739
-5927 . -3989 -49240 -29846
/ ’ .
349 217 - 821 421
'+568 +989 - 843 3765
‘v +795 + 562
+795 562
5632 4329 70000 36200
- 749 -3176 -43121 ~_9767
., 4385 58456 1912
A +9271 215 .49754
N + 3671 +50021
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. . Appendix B
Math Problems

A. Childrep wére asked to-repeat their times tables (both

~ .

orally, aad by rﬂcu‘ them on paper) .
NB. Children were asked facts such as:
o~ L : . 3
2% Taezmr [ 3e6= 7, 12-6= 7, 4X -
PR 7o % :
- 3+4= x" 7+4= 7., 14-8= 7 , BX8= 7 , 30+6= 7. )
. o . & ‘. i N . .
. 9=, 7237 16-6= 7, 8X7= 7, 427= 7
~= s - L, £,
d_to mentally compute ﬁ‘ following
“ gype of math problem: - . = .
e AR
L 220257, 7e3-1=7 | 2X23= 7, 6X6-10=7
4+342= 7, 4+7-6=7 , 3+2M6= 7 ,"6+3-5X4=7 = ¢
T * 3e0e4= 7, 9+9-8= 7 , 5-27= 7, 16 6X3e2= 7
i . e &
+ 2. Story problems: . )
‘ T & 5 .
,‘ A. Short story problems pre y nted orally; such as:
. “ : i ° " ) .
Bob iwon 6 medals and Peter won 2 medals. How .- 5
E many medals did they. win altogether? /
., 3 - e o - =
§ » ‘n . - -
) T i ie and Bernice went to the store. They both- ¥
e g had $2.00 to spend. Together how much money ..
i T -



7 \\S * B

did they have to spend? v 4
)N

Gerry had $10.00 to spend. He spent $4.00°at .
the Drug Store and $2.00 'at the .Corner Store.
How much money did he lpand? How much money

did he have lefc?

Mary’s baby drinke 2 bottles of milk a day.
How many bottles dods the baby drink every
week? .

< ' \

® = Mrs. Smith bought 30 marbles. She nn_ud,t.o

divide them equally among her two children
How many marbles did each child receive?
' ]

“=R . Long story problems’ (prl;-nnd orally allowing
students to write down key 1n!nmuau and
.,-»ecmpllmg sums on Pspcr)

For the last 2 weeks, Debbie”has baen.
bowling in her phys-ed class. During
that time, her scores were 102; 99, 109,
‘114, 116, and 119. Her total fum for
these gmu was 669. Three of her fx‘iundl
had the following totals;
" Cathy 604, xmcy 768, and Mary m.

What is the dlthrtnc%b-uun Debbie’s
total and Cnthy d total?

What is- the duhrvncc between Bnc:y 8 TN
And Debbie’s tunl-?
N
What is the difference between Debbie’s '
- and lary’s f.ntah? .
N, - r L3

. Keverh schopl dance, several friends decided -
a, pizza party . The large pizz:
people and the méfiium pirz

——

62
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serve 2 people. -

.

HEVI many people will 13 lug; pizzas serve?
How many people will 18 medium pizzas serve?

" How many people will 3 large pizzas and 6

medium pizzas serve?

¢
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o
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i
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‘Memorf Games (for STM group-only) . -
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Appendix C
N . Games and Activities

Math Games (both groups) !

\ )

1 .
1. Pirates Gold (James Galt and Company Limited)

- o
A game for 2-4 players where the object is to reach Treasure
__ Island by correctly answering mental addition and subtraction
math problems. . *

2. Teacher’s Quiz (Waddingtom) .
A quiz game for '2-5\ layers wher ' players have to gorrectly
answer questions in 8evesral categories (History/Geography, .
Facts and Fantasy, Spelling, Math, Science, and Words) to.
reach the 100 mark on the playing board.

-NOTE: Only 4 categories were used at a time (alvays
§ “including math) . If one of the other 2 categories
was landed on, a math question would be asked.

3. Tens (Waddington) | [

An addition exercise. This game has 72 triangular pieces,
each p: ed into 3 segments made of a certain
color th a numbgr from 0-10. The abject of the ganme
is to get rid of all ome’s triangles by strategically
placing them so that adjacent numbers add up to 10, and
colors match.

y o Lol E i @ '

) >

' 1. Remember, Remember (James Galt s‘nd Company Limited)

» . \ o
& - .
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’
This game has 120 picture cards that form rs. To
begin all cards are turned face down. Pl take

turns turning two cards over. To win a player must ‘
remember '7“- the cards e to gather the most pairs.
. .

Nt

2. Memory Game using Playing Cards

This is a modified version of Remember, Remember using
regular numbered playing cards, instead of the picturess~

Other Acﬁivitiu, (for math group only)

- b .
1. Jiggle (James Galt and Cnmpu}*!.htr.ed)

. - This game has various coloured forms made up of 1-6
K . \‘ squares. A player must fill up his or her board by
throwing dice to determine what forms can be  laid.
The object is to fill ome’s board first, without
having any forms of the “same colour touching. .
-

7 - 4
.. 2. Puzzle Grams (various)
A - U-ing geometric shaped blocks, players must fit t.hon
- together to form a shape Muncic-l to ome pre
to them on a cnrd
.
!
. \ . [y
7 h
. L : -
W 5
' : LR
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Appendix F
.
- Rnalysis of Raw pata” _
o ~
. The Digit Subtest v
Source of Variation ss ar S F
. Between Subjjects s %
. . . ..
A (groups) 7. 3.6! . 1 3.65 .71
Subjects within growps 61. 35 12 5.11
Within Subjects LSS B
5 (tine) 28.00 ° - 1 28.00 22,12
.+ 1181 1 11.81 9.33
a X sm;eccs within & P ’
groups 15.19 12 .27 °
X '
. The Visual Attention for Letters Subtest  _
. ~
Source of Vakiation ss” af MS
Between Subjects ) :
”- < .
A {groups) 26.30 1 26.30
. Subjects within groups 48.42 T 12, 4.03
e Within Subfects |
; B (tine) 24.14 1 24.14
; i AB 12.19 1 12.19
I B X slbjects within :
- 21.67 12 181
‘ ) "
) N . 7
_ ‘/ . - *
7
-
P 3
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- Appendix F
Analysis af Raw Data

AN

EE Mental Camputations Subtest
\ Source of Variation ss af Ms F
Between Subjects
g
A (groups) 17.65° . 1 17.65 3.25
Subjects within groups 65.10 12 5.43
Within Subj
5 (time) 38.89 1 38.89  16.3
15.00 1 15.00 6.29
B X Subjects within s
groups 28.60 12 2.38,
. . ’ -
N .
The Written Computations Subtest
Source of Variation ._.SS af MS F
Between Subjects - o
A (growps) © 47.25 17 an2s 0.9
Subjects within growps 572.75 2 a7
Within Subjects
/n (time) M.57 - 1 371.57  100.39
82.01 1 82.01 .22.16
n X a.l.bjects within >
! groups .42 12 3,70
. - (”" ’
N
-f y
o
’ o -
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Raw Scores - Means and Standard Deviations for each Subtest

Appendix G

The Digit Span Subtest

Time Mean

Growo ' Standard Deviation
Math pre 9.33 1.37

Math post 9.83 1.46

sM™ pre 8.75 1.20

S™ post. 11.88° 2.26 .

The Visual Attention Span 'for Letter® Subtest

\  Grow Time Mean Standard’Deviation
- Math pre . 5.50 0.96
Math post ¢ 5.83 1.3~
s pre 6.13 0.93
s post 9.13. 2.a2

The Mental Computations Subtest

Grot L Mean Standard Deviation
Math pre 4.50 2.06

Math post. = 15,17 2.11 -
S™ pre 4.63 1.93 £
S™ . post 8.5 1.20 T

The Written Computations Subtest

Math
Math
S™
S™

pre ° 7.23

post. 8.08

pre 7.01

+ post N9.58
n

X
Group Time Mean

1.55
1.32
0.92
0.91

70
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Appendix 8
.
Standard Scozes\; Means and Standard Deviations for each Subtest
Al
L]
- The Digit Span Subtest
Grop | Time. Mean 1 Standard\eviation
— Math pre -7.50 0.96
Math post. 8.00 1.29 R
- sm™ pre 6.75 0.97
sm™ post _ .10.00 1.94
; : 5
» 1
The Visual, Attention Span for ILetters Subtest
= oo P et . o
Math pre 9.50 0.48
Math posty 9.67 0.67
s™ pre 9.81 0.46 %
S™ post 11.34 1.26
- L 4
N
R The Mental Compitations Subtest ’
- Growp Time Mean Standard Deviation
Y . B
*  math pre 3.72 . 132
Matha post 4.23 1.50¢
- S™ pre. 3.7 1.20
\ sm post. 6.3 1.10 -
, -
o Written Computations Subtest t
s ¥ N ) 5
© crow Tine Mean Standard Deviation =
Math pre, .41 1.15
Math post. - .08 1.07
S™ ~ pre 4.23 0.70
S™ post 6.35 0.92 .
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