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. | ABSTRACT |
The‘issue of whether'or not‘differences‘in working
‘memory capacity can account for differences in reading

achievement was inyestigated in the present study

-Specifically, the role played by item identification and

“‘nitem order in performancegon MemoPy Span and reading

_'achieyement was compared in groups of\hqrmal and disabled

Grade 4 readers . }'f - ',f>. SRR 3,‘ .
o Two experiments were'carried out In Experiment 1 th'i

- question of whether or not item identification and item

"-‘ order are common to performance on memory span and reading

' - was studied across two typéﬂ of stimuli--digits and words

’fﬁﬁlquallfﬂtiyﬁ]y different for the two groups . and that this

difference may haye arisen as a requt of the presentation

h't’rate of one word per second on the span task being too fast

for disabled readers to execute the performance requirements |

" on this task Experiment 2 was conducted to test whéaher the:

inter group differenae in word“span could be eliminated if ax;

R slﬁwer presentation rate-was used

[

Two groups of subjects we;:\Used in both experiments

'“3"Group 1 consisted of forty Grade 4 readers who read at their :

: ‘{jgrade appropriate leyel Forty Grade 4 readers who were

Jt:fapproximetely two years behind their grade appropriate leyelf3:

| Tin reading were included in Group 2 All subjects were ';hf;g

'7.y~w1th1n the ayerage range of the non yerbal intelligence

s{f}quotient of the Canadian Cognitiye Abilities Test

AN

B N | e
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It was shown from the data obtained that word span was g

.qualitatiyeiy different for the two reading groups Both the
speedlofgword identification and word‘order were related to Af
‘word span\ihAtheidisabied'grOUp'while oniy word ordes was :
"ﬂrelated to word span in the normai group Digit span was -
oniy quantitativeiy different for the ‘two groups and was

. ~defpined t)y performance on digit brder It was also found

.that item identification time for both digits and- words was -
;wnegatiyely related to reading achievement in the disabled
grQUp Performances on both word. order and word Span were .

h reiated to reading achieyement in the normal group . .
The discrepant patterns obtained in the relationships |
w:between word 1dentification word span and reading |
~,,achieyement for the two groups were interpreted 1n terms of

V different methods of attacking wo:ds during identification

It was. argued that whiie the normai group was using a |
’yisuaiisation strﬁtegy (identifying the word as a unit) to
\identify words the disabied group was using a symbol- sound N
’approach to do so It was further suggested ﬁhat these _r:'
hdifferent methods may refiect the use or non -use of -
‘fjautomatic processing in identification.lfﬁd' i'; | |

o The reiationships obtained between/order and span and .
ff'reading achieyement were aiso discussed and it was suggested
"_"‘.'f.:-?"that the discrepancies obtained
:3;7the measure of order used wasfmethodo]ogicailydfiawed An

y haye occurred because

Hifalternatiye measure of order was suggested
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. T . INTRODUCTION TS SRS
W1th1n the 1nformatﬁon proce551ng 11terature, the issug.

4

of whether or not d1fferences in worK1ng memory capac1ty can 'l

account for d1fferences in read1ng ach1eyement has been the
focus of recent 1n;§st1gations (e g. Daneman & Carpenter, |
1980) . Memory span tasks (tasks which requﬁre the' recall of:
11sts of st1mul1 in the order 1n which they are presented)

are often used to 1ndex th1s capac1ty (e. g Daneman &

. Carpenter 1980) Hence one research strategy %apmonly

-employed is to relate performance on memorytspan tasKs to

read1ng achteyement as measured by psychometrxc tests. A'
. . A . y . oo .

' “major conclusion of this research is that,individual

| 1ndiyidual d1fferences 1n read1ng ach1eyement

differences 1n'working memory . capaCity;aCCQunt for

AT \

'ww*The present study is 1ntended to extend and clar1fy

th1s research u51ng as a framework the work1ng memory model

. proposed by Baddeley and H1tch (1974) Wh11e short term

1lmemory has been trad1t1ona1]y ytewed as a pa551ye storage ,1

ﬁ:fbuffer (AtK1nson & Shlffr1n, 1968), worktng memory as it is

“conceptuallzed thh1n th1s model is ylewed as an,aox1ye
kpart of the human 1nformat1on processtng system (Baddeley & e
:iH1tch 1974) It 1s a 11m1ted capac1ty system (one wh1ch has»r:

'ifa f1xed amount of attentlonat resources) wh1ch compr1ses of

processwng and storage funct1ons Th1s system is made up of

ftwo parts..a central executlye component whach Js

S

'*ﬂfrespons1b1e for processxng act1y1t1es and a phonem1c buffer

Jf\whose concern is the storage of the products of process1ng

>
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" Activities of the centraﬁ executive component include the
setting up of appropriate Fehearsa] routines such és the
loading up of the-phonemic{bgfféf and,the retrieval of
information from the buffer when necessary. The phonemié
buffer is relat%vely passive and makes few aemands”on the
central executive compo;en?has long as its capacity is not
exceeded. When the qapacity of the ghonemic buffer-is
exceeded; the central executive component may become
involved in std;;ge activities such as'the recoding of
information held in the bﬂfferyéb that proper maintenance of
this informétipn can take place. If this is not done, then
the information in the buffer is\subjectAt?ibss*due to
decay over fime or displacement by new informalion.

Both processing and storage functioﬁs share the same
lfmitedeapacity. Thus the faster processing a;tivitigé are
carried out, thevmpre bapacity.can be dey?ted to stofage.
However, a slower speed of prchssing would result in little

_ resources left.byer for storage and méintenance of processed
iﬁ}ormatﬁon. But;fhe division of resoufces‘is not entirely
flexible. It is assumed in this model that éVfixed amount of
capécity iSJassigneq to storage functions with the remaining
‘capacit§ being: flexible. That is, resoufces aré assigned to
processing and storage functions depending on how fast
processing can be carried out. - . |

| Baddeley and Hitch (1%74) provéded early evidence that
workipg mem;r9 cqpacity has a span-1ike component. They
~ studied the performances gf adult subjects on reasoning;

¥



- comprehension and free recall tasks. Three conditions were
used. In the first condition, performances were studied with
no concurrent memory load. In the second and third
conditions, performances on these tasks were studied when
subjects were réouired to perform a concurrent memory task,
that .is, subjects were required to remember a series of
three énd six digits respectively throughout per formance on
the tasks It was found that only a concurrent memory load
of six digits decreased performance coﬁsiderab]y when
compared to performance in the first condition. This-was
interpreted in terms of working memory beihg Span-fiko in
‘nature. That is, a suppression in performance was broughf
about by subjects having to hold a series of six d1g1ts
(s1m1lar to the requirements of the span task).

As a result of such research, the memory span task has
been used as an indicator of working memory capacity.
According to Baddeley and Hitch (1974), 1nformat1on

presented on the memory span t.sk is processed in the

central executive where it
code. It is then stored in 8 speech-1ike form in the
burfer until reoall. During recall, the central executive
retrieves information from the.phonemic buffer. If
processing is executed rapidly, then more capacity is f;ft
for storage snd maintenance of the products of processing
and this would result in a high'degreecpf acouracy during
recall:. However, the slow execution of'processing,results in
low accuracy during recall. Thus a fast spged of processing

£

;

4

\ransformed into a speech-1ike

Y



1s'functionally equivalent to a larger storage capacity

The trade-off between storage and proce551ng act1v1t1es
has also been used to explain d1fferences in ré%dlng
achievement. For example Daneman and Carpenter (1980)
investigated the hypothes1s that )nd1v1dual differencesvin
workiné memory capacity can aecount for {eafvidual
differences in readihg achievement amongst college students,
They }easoned that slow processing of information on a
reading comprehension task results in little time left for
storage of products until recall of ihformation is required.
That is the good reader may Sbend less time than the poor:
reader in the various stages of reading such as decoding,
lexical acceSs, parsing, inferencing and integrating, and
therefore more capacity is available fer storing the
intermediate and final products of reading. Thus, fhe good
reader may have more capacity to devote to the fncbrporation
of currently processed information inte representations of
previous ly processed information.'The recedihg of processed
information will enhance the quality ofzrepresentation and
will lead to‘betteﬁ per formance dUring recall on the
comprehension task. | 4,. | | |

Given this framework, it can be Hypothesized that the
speed of.peocessing is a determinant of‘span per formance and
reading achievement. This common factor would explain the
finding thathspan performance is relatedAto reading

achievement (Torgesen, 1978-1979) and that span performance

discriminates god and poor readers (Torgesén, 1978-1979).



The question thus arises as to what variables underiie the
speed of processing. Four variables have been proposed --
temporal order perception, the application of mnemonic
strategies, the speed of item identification agd item order.
These variables are discussed in detail in the next chapter.
However, they are ?entioned briefly in this chapter in order
to develop the reasoningebeﬁ3nd the present study.

Temporal order perception refers to the perception of
serial order information (Bakker & Schroots, 1981). Bakker
(1872) has proposed that this variable may account for
temporal order disturbances in reading. However, the tasks
used to méésure temporal order perception are simif;r to the
memory span task {n'that per formance on both tasks requires
the recall of ordered informafion.‘Thus.-the relationship .
between temporal order perception as it is typically
measured and reading achievement is equivalent to the
| relationship between span and reading achievement.

Traditionally, the efficiency with which strategies
such as rehearéal (the iterative repetition of a series of
stimuli) and chunking (the recoding of discrete stimuii into
a Singlé familiar unit) are applied was.conceptualized as a
ma jor factor underlying span performance. However, this
conceptualization has been disproved by recent
inyesfigations (Lyon, ?577; Torgésen & Houck, 1980). For//
Eexamble, Lyon manipulated the span task to eliminét;°
.conditions which were conducive to the application of

rehearsal (fast rate of presentation of stimuli on'span)'and:
| ,



found that individua1‘differences\in span performance
amongst college students were reduced.but‘not eliminated. He
(Lyon, 1975) tried another manipulation. chunking imposed by
the experimenter, and demonstrated that even though all
subjects were induced to chunk igits in 2a 51&nlar manner, |
individual d1fferences in span p rformance were not |
el1m1nated Likewise, Torgesen an HoucK (1980) found that
performance differences on Digit Span. between groups of
normal sub3ects,.learn1ng d1sabled subJects and learning
disabled swbjects with short term memory pﬂbblems could not
- be el1m1nated with either the removal of rehearsal or the
use of experimenter-tmposed chunking. TEEEE findings are in
accordance with the tenets of the working‘memory model since
mnemonic strategies are generally applied when speech-1iKe
mat;rial is held in the phonemic”buffer (material stored ‘in
the buffer is recycledtso as to Keep'tt;actiye) or when the
capacity of the phonemtc’buffer is exceeded (recoding of
material to reduce its length or complexity). ‘ |

| Alternatively, the speed with which items are
identified has been proposed as a variable which underlies
span performance (Baddeley,fThomson‘& Buchanan, 1975;
_Huttenlocher & Burke, 1976' Torgesen & Houck, 1980). It has
' been empirically demonstrated that th1s variable ‘accounts
for approximately 25 percent of yar1at1on in performance on
the span task amongst college students (Baddeley et al. |

:‘1975) dyslex1c subjects (Spring & Capps, 1974) and learn1ng
disabled subJects (Torgesen\ﬁ Houck, 1980). Independent



' studies_in the reading disability literature haVe also“shownf'
' that the speed of item identification is-retated to readino B
~achievement (see.StaHOV;ch. 1982fforuafreyiew).'1t would -
therefore seem that this yarieble may‘be common to both span
and reading.. o | | “ | |
- Speed of item identification, however, only accounts
}for 25'percent_of the Qariation onsspsn‘performance. The\
question.therefore arises as to what may aCcount.for the
remaining var1atlon Another yarlable which has been
proposed is item order, that 1s memory for the order in
which items are presented (Huttenlocher & Burke, 1976; ‘
Torgesen &rHouck. 1980). Even though this proposition has >$T;
not been tested, it is pleusible‘from a logical anal¥sfs‘of |
'the performance requirements of the spam'task That s,
performance an the span task requ1res not only the recall#oft
the items but also the order in which these 1tems are ‘
presented. Aga1n, it has been emp1r1cally demonstrated that
th1s.yarlablev1s related to reading achievement (Mason,tKatz
& Wicklund, 1975) and that poor readers may be insensitive
to order (see Singer 1982a for a revieW) o -
- The purpose of the present study was to extend researchA*
related to the issue of whether or not ind1y1dual
‘d1fferences in worklng memory capacité’can account for
| d1fferences in span performance and reading achjeyement The -
. specific concern ofﬁthe‘study‘was.to 1dent1fy_those f |
yariabies that Effecttworking;memory cepacityhesAit7is E
indexed byrspsnperformance'snd~reading?achieyement. Itfcanln L

)
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be surmised fgpm'thevabove that the varlables most likely to

- be common to span and readtng are the' speed of item
.1dent1f1cat1on and 1tem order Even thou h some studles have
shown that the speed of 1tem 1dent1f1cat1 n is related to
span performance (Baddeley, Thomson_& Buchanan, 1975; ‘
‘Torgesen & Houckz 1980)'and,other studies have Shown that lt :
is related to readtng achievement”(see Stanobich 1982 for a‘
review), in none of these ., both span and read1ng have been
vwcombined Agaln §1t has been proposed that 1tem order may
under 1 e span (Huttenlocher & Burke. 1976; Torgesen & Houck,
‘ 1980) and that it is related to readlng ach1eyement (Mason B
et al,,1975). Howeyer, no study has shown that this yarlablem
'is common to span and reading. 'Thus..the deoonstration that
memorw\for 1tem order and the speed of 1tem 1dent1fication
- are common to span performance and reading achteyement is
‘noyel | - L Co |

In order to achteye this obJectlye, two groups of Grade

4 readers normal -and disabled were stud1ed Ihese groups f

were selected since they represented two dist1nct leyels of

‘readtng achleyement Thus the des1gn enabled a compar1son of o

A*-the manner in which the two yartables the speed of item f"
1dent1f1catlon and ltem order are related to 1ndiy1dual
'dlfferences in span and reading w1th1n twp dlst1nct |
populattons as(well as’ allowing for compar1sion between the
,populatlons It was expected that normal readers would
"perform better than dtsabled readers on these tasks

: Howeyer, 1t was ant1c1pated that the patterns of



’ relationships between'these yariabtes wou ld be‘the samé for
the two groups since this is most pars1montous with respect
to the work1ng memory model of Baddeley and Hitch (1974).
That is, only quantitat1ye d1fferenees be tween the.groups
are predicted by the work1ng memory model For,eXample on
‘the span tasK slow speed of process1ng characterxst1c of

> /9}4567;d reader$ would,result in lower accuracy of

‘ performance On . the other Nand, a faster speed of process1ng"p
would result. in higher accuracy in recall on span Agawn

~reading, the poor reader -may go through more subprocess1ng

.“‘stages involved in comprehens1on (decoding, Jexlcal access,
"‘péksing, integrating) while the godd;reader‘may bypass'some
of these~stages. ThUS»there;maybe’quantitatiye differences
in the ntmber of:oomputattonai demands_exeouted~by good and
poor readers |
Alternat1yely, thgre is. always the possib1l1ty that the
patterns‘of relat1onships may be qua11tat1yely d1fferent If
qualitative differences do exist the probabil1ty of finding
them is enhanced by the design of th1s study. because the
two groups used are representat1ye of yery d1st1nct levels -
- of readlng ach1eyement | | |
'?%AIL-- A ywsual rather than an auditory span task was ut111sed
ﬂ to exam1ne the relat1onsh1ps between the aboye yarlables,_‘
swnce the. demands of a y1sual§1ask are most compat1ble with -
the: pr1nciples of ‘the worktng memory model According to ;
Baddeley and Hitch (1974) y1sua1 1nformation 1s entered 1nto_

‘,_ the central exeouttyetcomponentswhere it 1s\transformed into
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speedhflike codes for storage in the phonemic buffer unti
recall. If auditory information is used, this transformatidn
stage is bypassed since information is'alreedy speech-like
in natnre (Baddele§ et al., 1975). Again, visual
presentation of items on a hemoryespen task inyo]ves the
same sensory‘modalitY'as reading. The scores on yisua] and
auditory span for»SUbjecte show ;lmost perfect correlation,
even thouéh additory span is usually4higher'(Daneman &
Carpenter,n1980). Thus individual differencestbetween
. reeding and visual memory span'shbuld correlate‘to the same
,debree es;if‘auditory-memory span is substituted by visual.
A selectiye review of the lttereture is)presented in
the next chapter which discusses the variables common to
perfermanCe on span and reading. It includes the serial(}
order'and reeding~d15ability literatures and excludes a
discussion pf-many comppnents of span which have been,,
inyestigeted in the indiVidua1 differenees and'deyefopmental -
literature (see Dempster, 1981 Eor an exhaustiye review) .
This 1s followed by a statement of the problem and the
hypotheses stud1ed Next the two experiments conducted are

. described. In the f1na1 chapter, a generaf d1scuss¥on of the

| 1ssues wh1ch haye arisen from the research is presented

;o
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II..REVIEW OF THE LITERATURE: VARIABLES COMMON TO "SPAN AND
' READING |

As eariy as 1931, Saunders reoortedrclinical
E observations Whioh associated poor perfo;oanoe on span with
difficulties in reading. Later, psychometric studies o
demoﬁstrated that poor performance on the Digit Span subtest
' of tﬁe Wecosler Intelligence Scale for Children-Revised was
a consistent characteristic of certain disabled readers )
(Torgesen, 19]8?1979). The focus ef recent investigations,
as well‘as thevprgsent study, has been to identifo}hose
variables which”are respansible for the poor performanceeof
disabled readers on the Memory Span task (Bnkker & Schroots;
1981; Mason, Katz & Wicklund, 1975; Torgesen & Goldman, ‘
:1977; Torgesen & Houck, 1980). Four yariab]esijtemporai
order‘perception. the use of mnemonic strategie;j item |
1dent1f1oatlon speed and item orde;i- are ‘hypotheésized to ‘
underl1e performance on span and read1ng Each of these

yarxables is discussed- next 1n the context of extant

research {hat l1nks it to span performance and read1ng

achieyement I ? SO f? .’ @}@-
IR o B S RN
‘ ’ : a'".. . % N

L

a
3
S

w?t'Temporal order perception |
Temporal order percept1on refers to the ab111ty to-

T

perceiye the temporal order 1n wh1ch 1nformatlon is
g.presented (Bakker, 1972) It is d1st1nct’from item order in
) that while 1tem order 1s usually measured by tasks whlch

| requ1re the recogn1t1on of temporal order 1nformat1on (to be

T

1



discussed later), temporal order .perception requires the
recall of the sequence in‘whjch infonmation is presented.
Thatfis, in the recognition paradigm, a series of items is
‘presented at a fixed,rate.and the subject’'s task is to
reconstruct the&the order of‘presentatiOn from a randomly
arranged set of identical iteos. In the recall paradigm; a
series of i tems is‘also presentedvﬁt a fixed rate. However,
the SUbjectfg'tasK,is not only to remember the order but
, a]so.the identity of the items‘presented. B

Bakker (1970, 1972) has argued that the performance

def1c1ts on serial order tasks (such as span) demonstrated
by dtsabled readers ar1se as a result of d1ff1cu1t1es
exper1enced by this group in the percept1on of temporal
) order 1nformat1on ‘Bakker and h1s col1eagues (Bakker, 1870,
1972, Bakker & Schroots, 1981) have utilized a batterxwof
tasks to measure’temporal order’perception (TOP). A Cbmm?”‘,
characteristic of theseftasks‘is that they reQUire the
recall of the'order in which.a series of items is presented
’;)temporally These tasks have been man1pulated along three
d\menSIQns, st1mulus type (letters dlglts colors,
mean1ngful f1gures words) presentat1on modal1ty (hapt1c,
.aud1tory, y1sual) and 1nterst1mulus 1nteryals( 75 msec to

'4000'msec ). A maJor conclus1on of the stud1es conducted in
| _th1s area is that better performance on TOP is related to

'hlgher read1ng ach1evement (BaKker, 1970 1972,»Bakker &‘e_J f
Schroots, 1981). | | L
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Howeyer; the validity of témporal order perception as a
‘variable which can account for performance differences ,
between‘normal and disabled'readerS'oﬁ‘s5ahﬂtasﬁsﬂlsM'A;—f_—.—*é—
questionable{'becauSe TOP tasks seem to be measuring the
same construct as Span For example the'relatfohship
tbetween temporal order percept1en and readwng was

. 1nvestlgated ina long1tud1nal study by Bakker and Schroots
(1981) The TOP tasks, Knox Cubes.‘WQrdspan{»Ptctureg;

[ ) -

Matchlng; and Sentence Imitation, were administered to. 441
nursery schoollchildren;'Knox Cubes required the subjects to
| retapla serles of cubes in an. order’demonstrated by the
C eaaminer In the WQrdspan task the. subJect was requ1red to
(”recall a series of nouns 1n the order spoken by the
Vvexamtner The P1cture Matchlng task required that the ) .
d‘subJect match the series- of nouns presented on the WQrdspanv
‘,_task to a l1st of p1ctures presented on a card. The matchlng |
v?,was to be done 1n the order of presentatlgsl In the Sentence
'Im1tat10n task ‘a ten sentence story was read, to the = - ﬁa
subJect Each sentence was then read separately and the
sub3ect was requ1red to recall as many words as poss1ble
Tlrrespecttye of order Readlng ach1eyement was assessed ‘
d' fifteen months later when 311 of these ch1ldren had -
.jcompleted flrst grade elementary school The data obta1ned
"1nd1cated that performance on TOP tasKs was s1gn1f1cantly
. related to readlng ach1eyement These results were

,r,1nterpreted to suggest that poor temporal order percept1on

‘was pred1ct1ye of poor readtng . xf'igi f': S

P
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‘However, if one carefully analyses the performance

Pequ1nemenis_o£_theee— sks, Tt wWould seem that these are

~similar to the requirements of the span task 1tse1f Both
TOP tasks and span require the recall of ser1alvorden>f
information. It would therefore seem‘that.the relationship'
pbtainea between'TOE andireading achievement is not - o
djfferent from‘that between;epan:and reading achﬂg&ement,
The contention that TOh}is a component which is common to
/span and reading is thus dubious. |
FTna++y-theserresults seem to re1nforce the need for
an 1dent1f1cat10n of those yar1ables wh1ch\may be commnn to
TOP or span and read1ng since they suggest that serial
recall is predictive of‘readﬁng d1sab1]ity..The next tnree
variab]es.wnich will be discusseé haye‘alsc‘ceen QCnsidered
to under 1ie span,performanCe and to be important in
predicting reading combetencel- —
The use of mnemonic strategies . , o
| The eff1c1ency w1th wh1ch mnemonic’ strategies are used.
'to reca]l tempdral order 1nformat1on has been hypothes1zed o
to account for performaq¢é7d1fferences between normal and
a,d15abled readers on span tasks (Dempster %81 Sprlng &
tCapps /7574 Torgesen' 1978 79; Torgesen & Goldman 1977)
# Thus the manner 1n which two mnemonic strateg1es, rehearsalf
t(the 1terﬁ?iye repet1t1on of 1nformat10n so as to Keep it
'Aactlye ‘in memory) and chunK1ng (the rec0d1ng cf two or. more o

3»dlscrete unlts 1nto a s1ngle fam111ar un1ﬁ) are used 1n the

a
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%
.recall situation by normal and disabled reading groups has
‘been investigated.

A major conclusion of the earlier studies done/fp this

area is that rehearsal is a factor contributing to

performance differences betweenvnormal and disabled readers

on span*tasks'(Dallago & Moely, 19?0; Spring & Capps, 1974;

" Torgesen & Goldman, 1977). . For eXample; Torgesen and_Goldman .

(18977) examined the per formance of normal and disabled Grade.

2 readers on a task which required the de]ayed'recall (15

second 1nterya1) of the order in wh1ch a ser1es of p1ctures

L4

was po1nted to by the examiner. Two conditions were used. In

the base]ine condition a2 significant inter-group difference

was found 1n performance and was attributed to the lower
freqlency with which the d1sabled readers used rehearsal as-
:ey1dencedlby.]1p moyements and wh1spered words. In the
support condition both groups were induced to process'
1nformat1on in a similar manner through the use of
rehearsal No d1fferences were foundw1n performance between
';groups on the- same recall task The results of this study |
were taken as support for the hypothesws that d1sabled

f readers are 1neff1c1ent 1n us1ng mnemon1o strategles

Recent researoh onv1nd1y1dual dtfferences in memory'
.span‘among‘normal'adults, howeyer, has provided engeneé
'agajnst_the&hypothesis"thatrehedrsa1dandchunking'are the_

,primary sources of yariation'infspan (Dempster - 1881; Lyon,

1977). For example Lyon (1977) man1pu1ated the span task to

; e{iminate rehearsal 1n order to exam1ne whether 1nd1*<dual

-'\



differences in performance on Digit Span amongst college
students wooid disappear. This was achieved by speeding up
the presentation rate of items. Lyon found that the
elimtnatton of nehearsaf does not lead to the disappearance
of individual differences on span. He concluded that
rehearsal was not a primary‘source of individual differences
on span. In the same experiment, subjects were also induced
to use experimenter—imposed\chunking and grouping to perform
on the Digit Span task. It was found that the use of these
strategies coeuld not account for performance variation on
the spen task. Therefore, it was concluded that. the use of
mnemonic strategies could not,accounf for individual
differences in performance on Digit Span.

More recent research focused on the issue of whether or
not the dtfferent1a1 use of the mnemonic strateg1es
rehearsal and chunking, can account for performance
differences between normal and learning disabled grodps on
the span task is in agreement With this conclusiaon. For
example, in a study by Torgesen and Houck (1980), the
performance of three groups of"fh?ects-- Learnlng dtsabled
children who performed wtth1n thé average range on D1g1t
§pan} learning disabled SUbJeCtS who performed below the the
average rang@ on Digit Span;_and,‘a‘control group who
per formed w1th1n the average range on Digit Span-- was
‘studied. It was found that a relat1ve inefficiency in the

use of rehearsal was characteristic of all disabled

subjects, and was not specific to those who performed below
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average“on Digit-Span. Torgesen and HoucK'(1980) also found
that patterns of performance of normal and disabled Subjects\
did not differ when experimenter-imposed Ehunking was
applied. These findings_led Torgesen and Houck (3980) to
‘conclude that the use of mnemonic‘strétegies could not have
been a primary source of performance 'differences between
groups on span. ,

The evidence which will be reviewed next wi%l show  that
differences between normal and disabled readers on the span
task may be accounted for by item identification and item
order, and, that these variables may.be common to span and
readﬁng. » |
Item identificati?? o

It has alsblbeen proposed that the sbeed with which
items are identified is a primary source of variation in
span performance (Dempster, 1981; Huttenlocher & Burke,
1976)‘and can account for some of the performance
differencés between normal and learning disabled groups on
span tasks (Torgesen & Houck, 1980). fhis variable has been
measured by the time taken to orally identify a list of
items of thg.Same stimulus catégbry in studies of its
relationship to span perférmance (Baddeley, Thomson &
?ubhanan, 1975; Nicolson, 1981; Térgesen & HouckK, 1980).

Torgesen and Houck (1980) made an attempt to relate

item identification speed to span performance in normal and

learning disabled groups in order:to address the issue of
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whether or not this variable is responfible’for observed .
differences in per formance on span between these groups.
THey found that digit identification speed égcoynted for
approximately 25 percent of the variation on Digit Span in
groups of normal and-learning disabled and concluded that
the speed of naming d{gits is a factor responsible for
observed differences between these groups on the Span task.
This tattér finding is in‘need of replication\fbr four
main reasons. Firstly, even though this.result is consistent
across three groups, the sample size of éaéh group was small
(n=8). Secondly, the grdupsmBEPB\chosen to be discontinous
on the Digit Span variable and this may have caused an
inflation in the correlation coefficients obtained. The
third reason is that digit naming sbeed has not always been
found to distinguish between normal and disabled groups
(Stanovich, 1981) and as such the relationship obtained
between this variable and span performance may be restricted
to the’specific’sample used. Finally, if item identificatior®

is common to span performance and reading achievement, this

relationship needs to be replicated using word stimuli since

~ the basis .of reading disability is a difficulty in.

interpreting symbolic stimuli, specifibally, words .
Considérable evidence also exists to support tHe
hypothesis that item identification is'a factor reSponsible
for a large praoportion of the variation in span performance

observed amongst noﬁmal populations of various ages

(Baddeley, Thomson & Buchanan, 1875; Nicolson, 1981;
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Standing, Bond, Smith & Isely, 1980). Baddeley et al. (1975)
found that word identification speed accounted for
approximately 25 percent of the variation in’thg span
performance of a group of university students.llt was also
found in the same study (Baddeley et al., 1975) fhat span
size (the longest list of words which an individual can
immediately recall) can be predicted by the amount of words
which can be named orally fn approximately two seconds. This
finding was replicated in a developmental study by Nicolson
(1981), and across a variety of stimulus-types (words,
binary and decimal digits, and letters) by Standihg et al.
(1980). In addition, Standing et al. (1980) found this
relationship to be consistent when bilingual subjects were
tésted in their native or second language.

‘w$rom the above discussion, it can be contended that
item identification is a gbst probable primary.source of
variation on span. A greaf/deal of evidence alsp exists
which demonstrates that disabled readers perform poorly
relative to their normal peers on item identification and
that item identification is related to reading achievement.
Studies which have utilized the time taken to read a
cont inuous ]lst of items as an index of item 1dent1f1cat1on
have shown significant differences in the speed of naming
words, digits, color patches, letters and pictures
(Biemiller, 1977-78; Denckla & Rudel, 1976;”§5ring & Capps,

1974). Other studies which have utilized vocalisation

latencies or the time taken to identify a single item have

@
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found that only word identification time differentiated good
and poor readers (Perfetti, Finger & Hogaboam, 1978;
Perfetti & Hogaboam, 197?; Stanovich, 1980, 1981).

The manner in which slow word identification may affect
reading achievement has been explored in the literature.
Reading theorists (Laberge & Samuels, 1974; Lesgo‘d &
Perfetti, 1978; Rumelhart, 1977; Smith, 1978) generally

"agree that reading is a multicompbnential process and that '
fluent reading can be accomplishéd only if some of theSe
components are carried out a§ a very rapid rate. One
commonality amongst these théories is that they all seem to
agree that a rapid rate of recognizing wards is important to
fluent reading. For example, Smith (1978) has argued that
slow word recognitibq speed puts a“stfain on short-term
_memory and this leads to words being read as isolated units:
A];ernatively, Lesgold and Perfetti (1978) have
deveﬁoped a limited-capécity ﬁode} and have arguéd that a
breakdown in- comprehension will occur if words are ot
deboded at a rapid rate. It is proposed in this model that a
limited amount of attention is‘a#ail%Ele-for the execdtion
of the‘reading act. If a large,aﬁount of attention becomes
allocated to the recognition of words, then little is left
for other processes such as the integration of words into
meaningfui_ﬁnfts. Thus when- a reader is asked questions
about the information contained in the text, he resorts to

'vguessihg and this results in poor reading achieyement.'

Al



There is some evidence which relates slow word -
igentification to poor comprehension‘ahility. The time taken
by third and fifth grade readers, skilled and less in
reading comprhension, to identify single printed words was
Studied by berfetti and Hogaboam-(t§753. Three categories of =
words were used,_psuedo-words;Lhigh;frequency words, and
low-frequency words. The largest difference ‘in performance
between skilled and less skilled subjects at beth grade
levels was found for ]ow-frequency worgs and»the lowest for
high-frequency words. This was interpreted to indicate the
failure of poor readers to develop automatic word decoding
skills as indexed by a fast rate'of word identification.

_ The failure to deve lop automatie decoding skills has
been further attributed to slow word-codewaccess,'that is,
slow speed of accessing codes which represent words‘in
memory. Support for, the hypothesis that s]ow access maynbe
responsible for slow 1dent1f1cataon speed comes from the
" studies of Jackson {1980) and McClelland.and JacKkson (1978)'
- who investigated thenrelationship Petween accessing letter
codes from memory and reading‘ability Memory access was
measured by the t1me taken to dEClde whether fam1l1ar ‘and
unfamiliar obJects letters and characters belonged to the
same category or not. It‘}s assumed in these stqdmes that
memory codes eiist for_famitiar objects and letters. Better
readers Qere.found to'pCSseSSVa speed adyantage only in the
categor1sat1on of fam1l1ar obJects and letters Th1s f1nd1ng

o

was lnterpreted to suggest that better” neaders were faster

\
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at accessing memory codes, agd ‘that slow accessing of
memory codes may be a source of 1nd1v1dual variation in
read1ng per formance. . ” N

| The ma jor conolu510n of the studies cited above is that
word 1dent1f1cat1on is related, to span and to reading
achievement . However, this variable- has been found to
account for only 25 percent of the variance on word span
(Baddeley et al., 1975) and on digit span (Torgesen 8AHouck;
1980)." The question therefore arises as to what other
A_yariab1e(s) may aocount for the remaining variation on span

Item order has been proposed as a poss1ble component of span

performanoe This is discussed next.

hltem order |

Item order refers to the reproduction of the order in
which a temporal sequence of items is presented. Measurement
of this variable has been aAcritieal‘issue{since most
‘methods used are generally flawed. The issue centres.on
experimentally separat?ng the encoding of identttyfand of'

order. Most methods used 1nyolye present1ng the subJect with

. a 11st of 1tems and after presentat1on, the subJect 1s

| requ1red to remember the‘order in wh1ch.1tems are presented.

This.neCessari]y involues the enCodinQYOf the identity of

the items so as to remember the order in wh1ch they are

| presented Thus. 1n order to obta1n a pure measure of order,,
experlmenters generally ut111ze a ser1es of 1tems whose

1dent1ty requ1rements are m1n1mal
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For example: Corkin (1874) utilized an identical set of
Knox cubes. Here, the expertmenter tapped a set of cubes in
3 predetermined order‘and the subject’s task was to retap
thelcubes in the order of presentation. The problem w1th
this vers1on of item order is that the subject is required
to encode temporal order from items in a fixed spatial .,
order; As such there is a cohfounding‘of Spatial and
;temporal orders' in performance AISQ, subjects generatly
ut1l1ze a counting strategy to remember order and as such
‘performance is dependent on the ability to count.

Merkel and Hall (1982) and Cohen and Sandberg (1977)
ut1l1zed other tasks to measure item order Both groups of
researchers used the Probed Serial Recall task in which the
subJect is presented with nine digits and, upon'completion,
he or she is required to recall either the first three, the
middle three or the last three d1g1ts They also used the |
Running Memory task in which the subject is presented a
series of digits varying in Iength this length'being
unknown to the subject. Upon complet1on the subJect is asked
to recall the last three dlg1ts in the series. Even though -
in these tashs an- attempt has been made to minimize identity
'iby using a‘set of hlghly fam111ar items, subjects are |
requ1red to encode as well as retrieve the ident1ty of 1tems
durlng recall As such the identity rebu1rements are still _
relatlyely h!gh Aga1n, in the Probed Ser1al Recall task,
,beeause‘subJectsldo not Know-wh1ch three digits thevaou]d

- have to recall, there is an eleément of surprise and subjects
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may be using sfrategic\behavior. such as grouping the digits
in tnpees. in order to perform well. Also, since subjects
are unaware of the length of the lists in ‘the Running Memory
task, they may be us1ng strategies to ensure that they )th
retain the 1ast three digits at all points during the .,
presentation of the series. Thus, both of/}hese tasks may be
iconfounded wfth the use of strategies.

Perhaps the best metnod used to measure item order is
the recbgnition method employed by Mason, Katz and Wicklund
(1975) in thgir study of the relationship between item
identity, item-order and readingzachieyement. These
fnyestigators also utilized a fixed set of items (consonants
and single digits) to minimize the identity requ1rements ,In
this exper1ment, subJects were presented a list of items. |
After presentation the subject was required to reconstruct
the order of the items from an identical set of cards f
randomly placed in front of hjm/her. This method is superior
to the other methods described because it does not require
the retrieval of the identity of the items since.SUbjects}
are given an identical set of items to'arrange.'A version of
thié method‘was QSed in this expérimenf. )

Item order has been proposed as a source of yaria}ion‘ qé?
in‘span‘perfonmancé (Dempster; 1981; HuttenlocHer &

Burke, 1976; Torgeéen &<Houck,'1980).'éyen though. this
propoSitiOn has not been tested so far, it seems plausible
from a logical point of view. A 1ogica1 éna]ysis of the

per formance reqUirements‘of the span_fask quld indicate



that an individual must identify the i tems presented and
retain the order in whieh they are presented so as to
succeed on this task. Again, since item order and item
identification can be distinguished experimental}y (Healy,
1974; Mason, Katz & Wicklunqy,1975); the hypothesis that
item order accpunts for a proportion of the variation

- observed on sean is a testable one.

If item order accounts for variation in span
performance, then this wou ld imply that it may be a source
of performance differenbes between normal and disabled
readers on'span. There is some evidence which is.supportiye
of poor ab1l1ty to order be1ng implicated 1n reading
disability. Stud1es which have generally used the
reconstruction of the order of items to measure .item order
have consistently found significant differences in
per formance between good and poor readers (Corkin, 1974;
~Mason et aT., 1975; Katz,{Shankweiler & Liberman, 1981). For
exampre,~Mason et al. %1975) investigated the relationship
between item identity, item order and reading achievement.
Skilled sixth grade readers were much better at
reconstructing the order of six and eight.letter'eoesonaht
strings and eight digit strings than their disabled peers.
The sKilied~readers were also much better in‘identifying.the
items presented (iteﬁ identity befng scored by the recell of

items regardless of the order of presentat1on) It was a]so'
‘#ound that only 1tem order related s1gn1ficant]y to reading

ach1eyement,_1n'gnother»exper1ment Katz et al. (1981)
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contrasted the per formance of good and poor readers on an
order recognjtion task using linguistic (pictures of °
.familiar objects) and non-linguistic (doodle drawings)
drawings as stimuli. It was indicated from the results>that
poor readers performed worse on the recognition of the order
of linguistic stimu}i. v | . -
‘in.other studies (Mason, 1875; Mason & Katz, 1976) the.
ordering ability of good and poor readers has been ;xaﬁihed
through the use of letter detection taskg. Two conditions

- .
were used. In the first condition! the performances of good

and'poor'readers were compared on a task which_required thag
"subjects detect whether or not a target ]etteﬁ‘was’embedded
in a string of‘letters which did not conform to'orthographic”
rules. For éxample, a y wou ld apéear jn the medial position
«of a letter string. These two readihg groups per formed
equally Qe]l'on these taské.»HQWEyer, whén the target‘
letters were embedded in strings of letters which conformed
to orthégraphic rules, the two reading groups p;rformed
significantly different.‘That is, the good readers.were only
better when the letter strings conformed to spelling |
patterns. Thege results would_suggeSt that poor reéders fail
to exploit orthographic information whiég included\t o
) detectién-oh remembranee” of ordered ihformatioﬁ.»

In addjfion, there is sometindirecf eyidence from}
clinical work which would indicate that ordering may be
implicated in reading‘disability;~1t has been obseryed ‘
clfnically for quite some "time now that there is a tendency
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amondst some disabled readers to make reversal errors in
reading (Orton, 1937): Lieberman, Shankweiler, Or 1ando,
Harris and Bertte (1971) analysed the reading errors made by
Grade 2-good and poor readers wi th respect to reversal
errors in reading (b for d: saw for was). It was found in _
this study that«these errors occurred significantly amongst

. poor readers and accounted for about 10 per cent of the
total errors made. o "

Studies of the role played by temporel-Spatial
integration in reading~haye generallyAdemonstreted that poor}
readers may be insensitiyelto ordered information. Blank and
Bridger (1966) and Blank, Weider and Br1dger (1968)
1nvest1gated whether tasks wh1ch require temporal spat1a1

1ntegrat1on in. the same sensory‘modal1ty were more d1ff1cu1t

bed readers than the1r normal peers They found
geaders had d1ff1cu]ty in convertlng temporally
;d stimuli (dots presented sequenttally) to .

f dlstrlbuted st1mu11 (dots presented -'
;Zeously) in the same sense modal1ty At was also*‘v
zBlank & Brtdger 1966, Blank et al. . , 1968) that‘poor
_s exper1enced d1ff1culty 1n the yerbal report1ng of
I};pally presented sequences of *Tights. |

.can be concluded from the aboye that ttem'order is
retaﬁf- té'read1ng achteyement (Mason et al., 1975). Lt;has
also been proposed from a loglbal analy51s 0 Athe

| performance requ1rements on . the span task that th1s yarlable

may be a prxmary source of yartatton on the span task
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(Dempster, 1981; Huttenlocher & Burke, 1976). It would
therefore seem that item order is most probably a common

component of both span and readind performance.

Summary

It can be contended from the research cited above that

1tem 1dent1f1cat1on and item order are two components, which

are most probably common to pérformance on both spafp and
reading. It has been emplrlcally demonstrated from s of
the studies cited that item identification accounts for a

significant proportion of the yariation in span performance.

.Other studies have also shown that th1s yar1able is related

to reading. I'tem order has been hypothes1zed to be a

performance_component_on span and it has been demonstrated

d that this variable is related to reading achieﬁement That

these two variables are common to both span and reading
however , has not. been demonstrated This was addressed in

the present research

The next chapter presents the problem and hypotheses of

this study. . o | |



II1. PROBLEM AND HYPOTHESES

A. Statement Of The Problem

The genera] problem of the research conducted was'to
determine the nature Qf the interrelatibnships amoegst
performance on tasks which measured the speed of item
identifibaﬁioh,’the,retention of iteh order, memory span and
reeding e;%ievement. Two specifie research questions were
studied. These are: . |
1. What is the relationship between the speed of item

1dent1f1cat1on and the retention of item order on the
one hand, and performance on memory span on the,other?
2. Does performeﬁce on tasks which measure the speed of
item identification, the retention of item order and
, memory span relate to readingrachieyement anboth'nerma]
v and disabled reading groups?

The research cited in the breyious‘section indicated .
that the two variables, item identification speed and item
order may bevcommoh to performance on span and reading
achievement. In the present study, the re]atienships amongst
performahée on item order, on item identification, on span
and On‘readingvaéhieQEmeht.were examined within,groﬁps of
- normal{and.disabled Grade 4 readers. This was done in order
to establish whether»or not performaﬁde on item.order and on

»

item 1dent1f1cat1on 1s related to span performance -and to

-

readlng ach1evement 1n each group The patterns of

- %

correlations among these yar1ables were compared across

29
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groups in order to estéblish whether or not the two groups
were performing on item order and item identification in a
similar manner: K

Two experiments were carried out. In Experiment 1, the

twd research questions were examined across }wo types of
stimuli, words and digits. Because per formance -on %tem
identification, on item order and on memory span for word
stimuli required that all subjects were familiar with a list
of ninety words, a Word Reading task was administered. Here,
the subject’s task was to orally identify ninety words (each
‘word on a separate card) connéctly. A subject was eliminated
‘from the study if he failed to identify a word corréctly and
did not spontaneously self-correct it. |

[tem identjfication was defined by performance on a
Naming Time task which required thét the subject orally name
three sheets of thirty items of Fhe saﬁe stimulus-type )
(single digits; familiar wordsiA The average time taken per
sheet was used as an index of perfqrmance.

Item Order was measured by haying each subjebt
reproduce the ordergnwum1ch a temporal,sequgnce of items
was visually presented at a f1xed rate. Each subject was
presented with a series of items (words, digits).
Immedia}ely after presentation, a set of jdentical itemsvwas

placed in random order on a table in front of the subjecﬂ.

The subject’s task was to rearrange these i tems in the order

P2

of presentation.
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Span performance was indexed by the Memory Span task.
This task requiréd the immediate recall of a series of items
{words, digits) in the order in which the items were
preseﬁted visually.

Two measures of reading achievement were used. Schonell
Graded Reading Vocabulary test (Schonell, 1968) was used to
measure word recognition skills. This task required the
subject to read a graded word list until ten consecutive
errors were made. The comprehension subtest of the Peabody
Individual Achievement Test (Dunn & Markwardt, 1970) was
.used to index comprehénsion skills. In this task, the
subject was required to‘read a sentence and upon completion
to choose one:out of four pictures which best described the
sentence read. u

t.

Experiment 2 essentially replicated Experiment 1 using
anly Qord stimuli. However, the presentation rate was varied
from one word per second (Experiment 1) to one word every
two seconds. Thearéfe of presentation was slowed down sinpe,
based on the results of Experiment 1, it was suggested that
the disabled group might not have been able to complete
processing activities on the Memory Span and Item Order

tasks when presentation rate was one word per second (See

Discussion, Experiment 1).
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B. Statement of Hypotheses

It was expected that the reading disabled children when
compared to average readers would demonstrate inferior
per formance on item qrder, memory‘span and item
tdentification for both types of stimuli. Prevtous studies
have shawn that disabled readers perform poorly on item
order (Mason, Katz- & Wicklund, 1875); on memory span
(Torgesen, 1978-1879) and on item identification (Stanovich,
1982). However, in the present study, all three measures are
included and both digits and words are used as stimuli for
the same groups of subjects.

It was predicted that performance on item order, item
identification and memory span tasks would be higher for
digits than for words for both groups of subjects. This was
expected since the digit stimuli (single digits) used were
easier than words. Also the set of digits (9 digilé) used
was much smaller than the set of words (30 highly familiar
words) and as such the probability of guessing the correct
answer was greater for digits than for words. |

It was hypothesized thét the time taken for item
identification would relate negatively to memory span
pé:formance and to reading achievement (that is, the faster
the speed of identifying items, the higher the score on
memory span and on reading achievement) and that item ordér
would relate positively to memory span and to reading

achievement. This was expected to be consistent across

groups.and stimulus-types. The relationship between item

1
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identification time and memory span as well as between item
identification time and reading achievement was expected to
be negative based on previous research (Nicolson, 1981:
Stanovich, 1982; Torgesen & Houck, 1980). Item order has
been hypothesized to relate to memory span (Dempster, 1981;
Huttenlocher & Burke, 1976) and there was no reason to
suppose that these variables would not be related in the
présent experiment. Mason et al. (1975) have also shown that
this vgriable relates to reading achievement. However, it
has not been shown thatigﬁfm.order and item identification
speed are components of span which relate to reﬁding_
achievement .

It was also assumed that item identification .time and
item order would be independent of each bther across groups
and stimulus-types. This assumption was bqsed on the fact
that the stimuli used were highly familiar and as such the
identity requirements on the order task would be minimal.

It was hypothesized that performance on item order and
on item identification time would predict performance on
memory span in each group for both types of stimuli. This
was éxpeCted since these two variables were conceptualized
as being components of span performance and as such they
would account for a significant proportion of the variation
on span. It has also been shown previbusly that item
identification speed accounts for éboUt 25 percent of the

variation on span (Baddeley et al., 13875; Torgesen & Houck,

1980).
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Finally, it was expected that performance on item
order, on item identification speed and on memory span would
predict reading achievement w1th1n groups and across
stimulus-types. It was reasoned that if the yariables,‘item
order and item identification aré COMmmMoN to spaﬁ and
reading, the; they should account fo; a significant
!proportion of the.variation on span. Again, if span and
reading are related,} then span performance should predict
reading. It has beer] shown previously,that span performance
;oes relate to read (Torgesen, 1978-1979).

The hypotheses in.Experiment 2 were essentia]ly the
same as in Experiment 1 even though only word stimuli were
used. It was also expected that performance on the item
order and span tasks would be greater at‘}he slowec
lpreSentafion'rate (one card eyefy two seconds) used in this
experimentL ' |

The ne;t\chapter describes Experiment 1.



IV. EXPERIMENT 1
A. Method

Sub jects

The characteristics of the two éroups of subjects psed
are shown in Table 4;1. The normal reading group was
comprised of forty Grade 4 children (27 boys, 13 girls) who
read at their grade-appropriate }evel'as defined.by a sixty
or more percentile rank on both thelDecoding and.
‘Comprehension subtests of the Elemenfary Reading Test
(Edmonton Public Schools, 1978) in the previous three years
of school. These subjects also attained a hon-yerbal
intelligence qUotient within the average range on the
- Canadian Cognitive Abilities Test (Thbrndike & Hagen, 1974).

The reading disabled group included forty Grade‘4
children (27 boys, 13 girls) whose noh-verbal‘intel1igence
quatient was within thé ayeﬁage range on thevCanadian
Cognitive Abilities Test;(TEorndike‘& Hagen, 1974). These
subjects read below their grade-apgrophiaté level as defined
by a forty or less pefcentile rank on both‘the Decoding and
pomprehension,SUbtests of the Elementary hehding Test ) |
(Edmonfon Public Schools, 1978) in the previous three years
of_schooi. This peﬁcentile raﬁge was chosen as-ihdiéétiVe‘of 
reading disabilityfsince in some schoofs it)was used as a
criterion for resource'robm’placemenf.-lnfAdditioh; the

_subjécts in this group received édditional instruction ih

35
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reading (resource room help) ove? the past three years.
Children whs had repeated a grade in school were not
included in the sample. Also, children who had been enrolled
in English as a Second Language classes, whose sole language
of communicating at home was one other than English or who
had speech problems were excluded from the sample.

Before the final selection of subjects was completed,
teachers were consulted as to whether any of the children
were undergoing emotional étress of any sort. Only those
children who had no emotional broblems were seiected for

study.

' Tasks

Six- tasks weré administered to subjects individually.
These were: Schonell Graded Reading Vocabulary Test
(Schone]l):'Comprehehsionlsubtest of the Peabody Individual
Achieﬁament Test (PIAT); Word Reading; Naming Time;  Memory
Span; and, Item‘Order. ‘ |

Schonell. The Schonell is a subtest of the Reading and
Spelling Tests (Schonell, 1968). It measures an individual’s
ab111ty to orally read single words. It was chosen here
"because 1t is qu1cK to adm1n1ster (10 15 minutes) and a W1de
ability range on word recogn1ﬁ1on (readlng age of 5 to 15
“>Years) can be measured with the same instrumeht Ih this
task the subject was requ1red to read a graded word 11st
unt11 ten consecutwye errors were made .. The number of words

'correcaly read,was used to galcglage the subJect’s read1ng
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age.

PIAT. The PIAT is the comprehersion subtest of the
Peabody Individual Achievement Test (Dunn & Mafkwafdt.

1970). It requires the individual to read a sentence and
upbn completion, to choose one out of four pictures which
best describes the sentence read. This task was chosen here
to index performance in reading comprehéhsion because it is
quick to administer (10-15 minutés) and a wide range of
ability can be measured.

The administbation procedure was different to that
described in the test manual (Dunn & Markwardt, 1970). A1l
sub jects began at the first item (item 19) and progressed
until five errors‘were made in seven consecutive responses.
This procedure was adopted because the Reading Recognition
subtest (normally uSed-as a starting pointrfor administéring
PIAT) was not administered. The administration of the
Reading Recognition test would‘haye been redpndant(

The scoring procedure is identical to that described in

the test manual (Dunn & MaeraWFt, 1970) .

Wword Reading. The tasks, Naming Time for Words, Memory
Spah for Words and Item Order for Words (described below)
requifed that every subject hust be able to identify a list
of ninety,ﬁords. Word Reading was admihistéred in order to
ensure that all subjects fulfilled this requirement.

‘Ninety‘Words taken from,the»Doch:Basic 220 Word lList,
pre—primef and primer levels, (Dolch, 1942) were printed in

SERIF.BOLD.12.FIXED.PORTRAIT.1 font by the page printer of

L
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the Michigan Terminal System. Each word appeared in the'
centre of a 5-1/2 cm by 10 cm card. |

The ninety word cards were shown individually in random
order. Each subject was asked to read eech word out toud.
The criferion for passing this test was the correct oral
reading of all ninety words. If the subject misread a word
without engaging in spontaneous self-correctjon, he or she
| was e]iminated from further participation in the study.
._Appendix A provides a ]isf of the words used and detailed
instEUctjons‘for administerihg this test.

Naming Time. (10 minutes) This task measured the speed

with whichgsubjects are able to orally name items which are
ﬁighly‘%amiliar to them. It has been used by various
researchers to measure item identification (Baddeley et al.,
1975; Nicolson, 1981; Spring & Capps, 1974).
. Two types of stimuli were used, words and digits. The
word stimuli utilized were the same as in- Word Reeding.
These words were classified according to theirhparts of
speech (33 verbs, 16 adjeefiyes, 13 prepositions, 3°
conjunctions, 8 adverbs, 13 pronouns‘ahd 3 exclamations).
Three sheets of thirty words each were then brepaned with
the dif?erent'parts of speech distributed eyeh1y across
sheets. The words on each_sheet were arranged in such a
manner.that they’did‘not conform to syntactical patterns of
language | h
Eagh sheet conta1ned six lines of five words each. The

~words were printed in SERIF. BOLD. 12. ﬁ&xEo PORTRAIT.1 font by
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the page printer of the Michigan Terminal System.

The digit stimuli were single digits 1 through 9. Three
sheets - each containing thirty single didits were used. These
digits were arranged in random order (six lfnes of five‘
digits each) sUbject}to the restriction that no two digits
occurred in a forward or_bapkward seqUence (1 followed by 2
or 2 followed by 1).” Each digit-sheet was also printed in
SERIF.BOLD.12.FIXED. PORTRAIT.! font.

The method of administration was the same. for digit and
word sheets in both groupsg@ith the egception that on the
digit task the pracfice items were from the same subset of
items used on the actual task. For words, a practice trial
was first administered which consisted of asking each
subjectﬁéb orally read ten words not included_in the three
sheets. THe three sheets were then administered in five
different orders (1,2,3; 3,2,1; 2,1,3; 3,1,2; 1,3,2), with
eight subjects iﬁ each group being given each order.
Subjects were ésked to read each sheet out loud as quickly
and aé‘correctly as-they could from left to right. Even
though error rate was not recorded, subjects generally made
few érrors in reading words. This waS,expected‘since all
; subjects could rgad words as détermineg‘fram per formance on
* the Word Reédigg task.

Théatime taken to read each sheet was used as an index
of performance;'This was recorded to a hundredth of a second
acCuracy/as measured manually by a stopwatch. Appendix B

gives a detailed account of the method"of administration and

Ld
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copies of the sheets used in this task.

(10 minutes) This task measured the

811 a list of igems in the order in which they
JIt has been used repeatedly to measure span
florgesen, 1978-1979). . |
;ées of stimuli were used, words and digits. The
‘fli were the same as those emp]oyed in the Word
jrask Word cards were also prepared as in the Word
ftask Words were organized into lists varying in
;from three to nine words. Four sets of{words at each
lisfﬁ iigth were used the words in each 1iStJP¢iUQ arranged
in a manner that they did not conform'tohsyntactica]_
pettergilof language
The digit st1mu]1 were the same as in the Namlng Time
¥t cards were prepared 1n a similar manner to word
igthat each digit appeared in the centre.of a
.by 5 cm card. Digits were*Organizedzinto'lists
varying in length from 3 to Q digits.vFour'lists‘atAeach
~length were useds The.digits were arranged'in‘random order
subject to the restriction‘thaf no two digfts_occurred in a
.forhard or backward sequence (3,4 or 5,4).

The method of administration and scoring‘procedures
were the same for words and digits w1th the except1on that
on the d1g1t task the practwce items were from the same
subset of ltems used on the actual task. Word cards were

presented v1sually at a rate of one every second This rate

was chosen since it is the one most often used in the

)
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standard administration of the span task (Dempster, 1981).
Initially, a practice trial was administered. This comprised
of a.list length of two words, these words not being
1ncluded 1n the ninety words described above. Each subject”
was 1nstructed to verbally recall the words in the order
presented A record of each subject’s response was noted/////’\
The presentat1on of lists continued unt11 a subJect failed |
to correctly recall four lists of the same length

Two methods of scoring-- list and i tem- - were used. The
list ‘method is a more conservative method .of scor1ng and
cred1t was only given to whole lists of items correctly
recal]ed. Thid was therefore indicative of the subJect’s
ability to recall Ijsts of ttems. Invthe item'methbd on the
other hand, credit was giyen:for'eomplete sequences as well
“as-for individual items recalled in the correct order. This
score was repreSentatiye of the subject’s ability to recall
ordered inforhation.at the level of individual items:
’In the list method, a basal score of 2.00 was\used and
.25 po1nts was. awarded for each subsequent list correct]y
recalled.,For example, 1f a subjeet correctly recalled four
lists of three words and two lists Qf four words, he/she~was
awarded a total score of 3.56 (2..00 + 1.0b + .50). In the
' item method, the subjeet'was awarded‘dne point for each word
correctly recalled in the order presented A point was-
subtracted for each’ exth;.word added to the list S1nce th1s

was viewed as an error (the add1t1on of 1rreleyant

1nformatron). This method has been used“by Torgesen and

o
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Houck (1980) .

Again, both serial and free recall scores were obtained

for each subject. The serial recall list score measured the
ndmber of lists correctly recalled in the order in which the

words were presented. The free recall list score measured

the number of lists correctly recalled regardless of the

order in which the words were presented. The serial recall

item score measured thevnumber of items correetly recelled

in the order in which they were presenfed; The free reeall

item score measured the number of items correctly reealled
regardless of the order in which the words were presented.
Appendix C presents the details of administration and

scoring procedures as well as the word lists used.

Item Order. (20 m1nutes) This task was used to measure

the ability to reproduce the order in which a list of items
is presented. It is d1fferent from the Memory Span task in
that after presentatlon of 1tems the subJect s task is to

'reconstruct the order in which the items are shown from a

set ofv1dent1eal items arranged randpmly.'This procedure has .

been used by Mason et al. (1875) and Katz et al. (1981) to

measure item ordef. . B

| TwQﬂtypes‘of.stimdﬁi; words andidigjts, were(psed; The
word stimuli were thOSe emplpyed in thedWor Read1ng task. |
.Word cards and word l1sts were prepared as. iR the Memory
Span task except that two 1dent1cal sets of caras at each

list length were prepared . : o ——
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The digit stimuli were single digits 1 through 9. Digit
cards and digit lists were prepared as in the Memory Span
task excepf that two jidentical sets of cards at each list
length were prepared.

The method of administration and scoring procedures
were identical fer word and digit stimuli with the exception
that the practice items on the digit task were from the
. subset of items on the actual task. For word stimuli, each
list was visually presented at a rate of one item per
second. Subjects were instructed to silently read each word
as it was presented. This was done in order to ensure that
all children knew what to do. After preseﬁtation, the
subject was quichy shown an identical list of word cards
arranged in random order on a table in front of him (her).
The subject was instructed to arrange these cards ih the
order in which they were presented. A reeord of the
subject’s response was noted. N

Initially, a practice trial of list length two was
administered. These words we&g\not included in the ninety
words described above. Aftetgiéis, lists of lengths three to
“nine words were administered. Administration ceased when a |
subject failed to correctly arrange four }jsts og}words of
the same length. |

Both list and‘item scores were calculated. These were
calculated in an identical manner to fhatidescribed for

serial recall scores in Memory Span task described above.

Appendix D presents details of the method of administration,
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scoring procedures and lists used.

Procedure | {:
All testing was conducted in the schools and took place
in any available quiet room. The Schonell was initially
administered and each child was subsequently seen for two
sessions in the same day (one in the morning and one in the
afternocon.
The order of administration of tasks was \

counterbalanced and the same order used for both groups as

shown in Table 4. 2.

TABLE 4.2 :
ORDER OF ADMINISTRATION OF TASKS
FOR NORMAL AND DISABLED READERS

.

NORMAL READERS DISABLED READERS
Order Number Number
of Tasks of Subjects of Subjects
3121 8 . 8
1312 8 8
3112 8 8
1321 8 8
2131 8 8
Note. 1 : Naming Time; 2 : Memory Span; 3 :Iltem Order

Naming Time for words and for digits was administered in
both sessions while Item Order or Memory Span was
administered in either session. Words and digits were also
counterbalanced for the Naming fime, Item Order and Memory

Span tasks. In the mornjng‘session if words were the stimuli

<
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in the first task administered, then digits were
~administered first in the second task. This procedure was
reversed in the afternoon. Finally, PIAT was-administered in
the same session as Memory Span so as to 1imit the time per
session to thirty minutes.

It was important that a non-threatening atmosphere be
provided during testing since some subjects had previously
experienced failure invlearning to read. In order to create
this atmosphere, the experimenter established rapport with
the subjects. Subjects were told that the experimenter was
studying how children learn to read. The subject’s
cooperation was then solicited. It was further emphasized
that these were not teSts in which one passed or fail.
Rather, the subject was asked to do as much as he (she)
could since this would greatly assist the experimenter in

finding out how children learn to read.

B. Results

The results of Experiment 1 are presented in four
parts. The mean performance on all tasks is compared across
groups first. Next, a comparison of performance trends
across s?imu]i on Naming Time, Item Order and Memory Span is
presented. The relationships among performance on Memory
Span, Item Order and Naming time are examined in the third
part. The proportion of variation in span performance

accounted for by performance on Naming Time and Item Order
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is also dealt with here. Finally, the relationships among
performance on Memory Span, on Item Order, on Naming Time
and reading achievement are examined.

Comparison across groups. It was predicted that the

readiné disabled group would demonstrate inferior

per formance on all five tasks. The means and standard
deviations of performance on these tasks arne presented in
Table 4.3. As can be seen, the normal read}ng group
demonstrated significantly higher performancebon ali‘tasks
thereby confirming the predicted hypothesis.

Comparison across stimuli. Tables 4.4, 4.5, and 4.6

present the intercorrel;tﬁons between perfOQ?ance on these
tasks for digit and word stimuli in the reading disabled,
normal and total (normal plus reading disabled) groups. It
can be seen that performance on thése tasks for word stimuli
is significantly related (positively) to performance on
digit stimuli.

It was expected that the mean performance of each group
on all tasks would be greater.for digits than for words. As
can be seen from Table‘3:3 abovg, the mean performance on
tasks for digit stimuli is greater than for word stimuli.

Analyses were carried out to determine whether or not
the differences obtained across stimuli reflected similar
per formance trends. Two 2 (groups) x 2 (stimulus-type)
anaiyses of variance with repeated measurés on stimulus-type

were done using Memory Spam, first with list and then with

item scores. Significant main effects were obtained for
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groups, F (1, 78) = 11:752, p < .91} ang for stﬁmulus-types,
F (1, 78) = 75.229, p < .01, on tHe Memory Span.task using |
list scores:‘No significant interactiqn was found. Thus,
even though performanég means were different, the trends in
per formance variation did not change with stimulus-t?pe.
Similar results were 9ptained with item scores. |
Similar analyses of variance were don%{using list and
item scores obtained on the [tem Order tasK.‘For list
scores, significant main effects were found for groups, F ,
(1, 78) = 14.219, p < .01, and for stimulus-types, F (1, 78)
= 62.128, p < .01. No significant interaction was obtained

"indicating that perfoﬁmance patterns were the same across

Y ' .
groups. Similar results were obtained when item scores were
. 4

used.

The trends~in per formance across stimuli were also
examined on the Naming Time task. A 2 (groups) X 2
(stimulus-type) analysis of variance with repeated measures
on stimulus-type was‘done. Significant main effects were
obtained for groups, F (1, 58) =51.069, p < .0t, and for
stimuli, F (1, 78) = 85.568, p < .01. A significant groups X
stimulus-type interaftion was aiso obtained, F(1, 78) =
28.018, p < .01. It ﬁould seem that the groups are
perfofming differently on the Naming Time task. The
convérgence of the means for digits and words on this task
in ‘the normal group would suggest that these subjects are
naming words as rapidly as digits. The larger differencé in
mean per formance obtained for thé disabled group on these

4

2



tasks as well as the poorer performance of this grdwé
compared to their normal peers would indicate that the
disabled readers are experiencing some difficulty in naming
items, es;peciany words. This difficulty in naming items
experienced by the disabled group is a probable source of .
theﬂsignificant interaction. | -

Relationships between Naming Timegs Item Order and

Memory Span. It was predicted that per formance on Naming

Time and on Item Order would relate substantially to
performance on Memory Span. Pearson Product Moment
correlation coefficients computed for both groups are
presented in Tables 4.7 and 4.8 with the ones relevant ta
the discussidn being underlined. It can be seen from these
tables that performance on Nami?g Time for Words is
negatively related (p < .05) to‘Memory Span performance only
in the disabled group and that Naming Time for Digits is not
related to Memory Span performance in either group. The
relationships predicted between performance on item'
identification and span are only supported by the marginal .
correlations aobtained between Naming Time for Words and
Memory Span for erds in the disabled ngup. This may have
occurred.as a.result éf the diéabled group béing too slow in
identifying words within the presentation rate on the Memory
Span task. | |
It can also be seen from Tables 4.7 and 4.8 that‘
performance on Item Order and Memory Span are significantly

related (p < .01) and this relationship is consistent across
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groups and stimuli. The positive corre]atipn obtained would
 fndicate that Memory Span performance varies directly with
Item Ordér performénce! This may be due to the fact that
these two tasks have commbn elements. Both ,tasks required
the identification of items as well as the retention of the
order of the'itemsp However, they differed in that the span
task required the recall of items in the order in which they
are presented, whéreas the item order task reqﬁired the
reconstruction of;the order -of items.

Two unexpectéd correlations weré also aobtained. As can
be seen from Table 4.9; Naming Time for Words is .
significantly related to Item Order for Words in the.
disabled grbup. Also, per formances on Naming Time for ngits
~and on Item Order are related in the normal group. The
reasons why these relationships might have ocpurfed are
presented in the discussion section._

It was predicted that performance variation observed on
Naming Time and on Item Order would explain a substantial
proportion of the variation observed in Memory Span
per formance in each gﬁoUp. Multiple regression anélysis was
done using performance on Item Order and Naming Time as
predictors. The regression procedure used waé a forwar&
inclusion one where the order of inclusion of the
iﬁdependent variables was determined by_the respective
contribution of each variable to tHe.explained variance.“
That is,‘thé first variable to be included is the one which

accounts For the - Targest portion of the explained variance.

4.

4
B
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Only those variables whose contribution was greater than one
hundredth percent of this variance were‘included.

The results of this analysis are presented in Table
4.10. It can be seen from this table that per formance on
[tem Ordef accounted for a significant percentage of
variation observed on span. This is consistent across groups
and stimulus-type. The inclusion of Naming Time after the
contribution due to Item Order is remo;ed does not increase
the variance substantially. It can also be seen in Table
4.10 that Item Order for Words accounted for a much largef"
percentage of variance on Memory Span for Words in the
disabled group than in the normal group. This may be
attributed to the fact that Item Order for Words and Naming
Time for Words are correlated in the disabled group (Table
. 4.9) and as such the variance accounted for by Item Order
may have included some of the variance accounted for by
Naming Time in this group.

A partial correlation analysis was done to determine
whether or not the relationship between{Naqing Time for
Words and Memory Span for Words was influenced by Item Order
per formance. As can be seen from Table 4.11, the significant
correlation between per formance on Naming Time for Words and
Memory Span for Words disapbeared when the influence of Item
Order is removed in the disabled group. As will be discussed
later, it seems there is a component of the Naming Time for

aLor Words task

Words task that is shared with the [tem Order

among‘disabled readers.
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It was determined from another partial correlation
analysis done that the relationshib between [tem Order and
Memory Span was independent of the influence of Naming Time.
The results are summarized in Table 4.12. The residual
correlations obtained remain virtually unchanged from the

correlation coefficients.

Relationship between Naming Time, Memory Span, Item

Order and Reading Achievement. It was predicted that

performance on Naming Time, on Item Order and on Memory Span
would relate to reading achievement as measured by Schonell
and PIAT within each group of subjects. The results are
summarized in Table 4.13. It can be seen from this table
that performances on Naming Time for Words and for Digits
are significantly correlated with Schonell performance in
the disabled group. Item Order for Words is marginally
correlated with Schonell performance ?n this group also.
Again; per formances on Memory Span for Words, Item Order for
Words, Naming'%ime for Words and Item Order for Digits are
.related to PIAT performance in the disabled group. Finally,
Memory Span for Words and Naming Time for Words are

marginally related to Schonell performance in the normal

group.
A multiple regression'analysi; using a forward
inclusion procedure waSdone to determine whether or not a
significant proportion of the variance on Schonell and on
PIAT could be accounted for by performance on Naming Time,

on Item Order and on Memory Span. In this procedure the
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»

order of inclusion of variables is determined by the
respective contribution of each variable to the explained
vaffance. That is, the variable whose contribution is
largest is €irst included. Only those variables whose
contribqtio:)is greater than one hundredth percent of the
variance are included in the analysis. Only list scores are
reported in Table 4.14 since it was found that the results
were similar for both list and item scores. |

As can be seen from Table 4.14 both performance on
Naming Time for Words and on Naming Time for Digits
accounted for a significant proportion of the variation
observed on Schonell berformance in the disabled group.‘
Per formance on Item Order for Words accounted for a
significant proportion of the variation on PIAT §]so in this
group. The variance contribution on PIAT accounted for by
Naming Time for Words after Item Order was removed was also
significant (7 percent) for this group even though this
vaiue was much smaller than that obtained between Naming
Time ahd Schonell. This is probably due to the fact that
Naming Time for Words is correlated'wifh Item Order for
Words and this may have resulted in a portion Qf the
variance due to Naming Time being accounted for by Item
Order since the'latter was the first vhriable included in
the analysis.

Only Naming Time for Words accounted for a significant
proportion of the variation on Schonell in the normal group.

'None,of the other experimental varrables accdunted for a
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substantial proportion of.variation in performance on
Schonell or PIAT in the'normal group.
C. Discussion

The purpose of Ihe present experiment was to
investigate the those variables which.ara/gbmmon to span and
reading. The relationships between item identification
speed, item order and memory span were predicted to be the
'same for disabled and normal readers even though it was
expééied that there would be quantitative differences, that
is normal readers would demonstrate superior performance on K
these tasks. It was found that quantitative differences did
exist between the two reading groups on digit tasks, however
only item orderWWaS nelateg to digitckpan in both groups. In
contrast, both quantitative and qualitative differences
existed between groups for word tasks. That is, pverall,
normal readers perfoﬁmed better than disabled readers or
word tasks. However, item order and naming time.were related
to word span in the disabled group while only item order was
related to word span in the normal group.

The finding that word span is qualitatively different
(i.e. is related to differeht componént p(ocesses) for the
“ two readingrgrdups was unexpected. The source of this
difference is word identification speed. The slow speed of
word identification characteristic of Fhe disabled reading
group (Table 4?3) could have affected word span performance

at either of two levels, accuracy or speed. It can be
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proposed’that performancé on word span could have been
affected by slow speed at the level of accuracy., that is
disabled subjects experienced difficulty in identifying
words . However, thi$ is highly unlikely since it was
ascertained through performance on the Word Reading task
that all subjecfs were accurate in pronouncing the words.
Alternatively, word‘identification speed could have
affected span pérformance at the proficienéy level. That 1s,
eveh though éisab'ed subjecté were accurate in identifying
wofds, they were not fast enough in doing so to successfully
pérform oﬁ the span task. As such, one second between
successive presentations of words .may not have allowed
sufficient time to identify words as well as retain Lord
order on the span task. Such an explanation can account for
the confounding of item order and item identification on the
word span task in the disabled group (Table 4.11): On the
“other hand, this was not found for digit stimuli since it
would seem that the disabled group was able to itentify
digits fast enougﬁ to perform .successfully on the span task.
A s{milar explanation is proposed to acdount for the
unexpected relationship between word identification speed
and word ordér among éisabled readers (Table 4.9).
Per formance on the word order task required that subjects
encode both identity and order so as to be able to
reconstruct the_ordeﬁﬂ&n which the words are presented. As
in the Spanqtask the one second interval between successive

presentat1ons of words on the order t/gk ﬁgy have been too
¥
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fast and as such sufficient time was not allowed for the
disabled subjects to complete performance requirements of
this task. Thus, the unexpected relationship between word
order and word identification speed was obtained.

" Such an explanation cannot be proposed to account for
the unexpected relationship between digit i1dentification and
digit order among normal redders (Table 4.9) since normal
readers were identifying digi}s rapidly (Table 4.3). This
relationship most probably represented the ordering strategy
.employed by normal subjects in reading the digit sheets of
the Naming Time task. There was a tendency amongst‘normal
»subjects to read these sheets in an ordered manner, a line
of digits followed by a pause. Some subjects also utilized a
rhythmic strategy in reading similar 'to that used in Sesame
Street productions.

So far it has been argued that qualitative differences
in word span between groups may have occurred because
disabled reader%)were slow in identifying words and as such
one second-between successive presentations of words on the
span task may not have been sufficient to carry out the
per formance requirements of the gpan task. The hypothesis
can thus be proposed that if disabled readers were allowed

‘more time_between successive presentations of words on the
span task, this extra time would allow subjects to
compenéate for slowness in identification and the
qualitative difference on word ;paa“between the two grouhs

would disappear. Alternatively, even if a slower
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presentation rate was utilized on span, the qualitative
dffferehce would not disappear because the basic problem is
in word identification speed and as such it 1s.ﬂﬁnaterial
¢ whether the presentatiPn rate is fast or slow. \
A supplementary experiment, Experiment 2, was thps

carried out which is described in the next chapter.



V. EXPERIMENT 2

Based on the results of Experiment 1 it was aetermined
that word span performance was qualitatively different for
normal and disabled readers. This differénce was éttributed
to a slowness in identifying wotgs among disabled readers.
It was reasoned that if the presentation rate of words on
the span tasK was slowed down then the reading disabled may
be able to compensate for their slowness and as guch the
quali}atfve difference between groups Qould be eliminated.
Howeyér, even if more time was aldowed, disabled readers
still may not be able to overcome their basic difficulfy in
speed of iQentificatiqn and as sﬁch this‘differehge wou 1d
remain. :

It was also found in the previous experiment that word
identification speed and word order, originallyv
conceptuaiised as dndependent of each other, were related.
This was also attributed to a slowness in word
identification speed when presentation rate on the order
task was one word per second. It was reasoned that this may
have occurred bQFause a one second interval between the
successive presentations of words was not sufficient to
allow performance requirements on this task to be
successfully completed. Thus, if the disabled feadegs are
given more tjme to complete these requireménts} the
relationship between word identification speed and_wora

order may be eliminated. S

70
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A second experiment was thus conducted. Two questions
Qere studied. The first question was whether or not the
qualitative difference between the two reading groups on
word span would disappear when the presentation rate was
s lowed dowh from one word per second to one wora every two
seconds. The second quest1on was whether or not the
relationship between word/erder and word identification
speed would disappear when the presentation rate was s lowed
- down from one word per second to one word per two seconds.
The method, results and a discussiohﬁgf the results are

presented in this section.

A. Method -

Sfen

Sub jects

.In Experiment 2 the same groups of subjects were used
as in Exberment 1. Testiné%was done two weeks after .
Exper iment 1‘and a fotal of three subjecte were loet due to
moving or illness. In Experiﬂ%ﬁt 2, Group 1, thelnormal
readi@% group, was*eomprised of thirty+gight subjects'(27
males, 11 females) and Group 2, the disabled reading group

was comprised of thirty-nine subjects (26 males, 13

-females) .

Tasks . _ . ' < :
The tasks used were Naming Time, Memory Spah and Item

Order for Words. The Namihg Time task was identical to that
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‘ TABLE 5.1 *
ORDER OF ADMINISTRATION OF TASKS
FOR NORMAL AND DISABLED READING GROUPS

NORMAL READERS DISABLED READERS
Order Number Number
of "Tasks of Subjects of Subjects
123 8 8
213 8 8
312 8 8
132 7 8
231 7 7
Note. 1 : Naming Time; 2: Memory Spah; 3:1tem Order

used in Experiment 1. Both Memory Span and Item Order were
“also identical to those used“in Experiment 1, with one ,
exception. That is, in both cases, the word cards were

~presented at a rate of one card every two seconds.

Procedure

The grobedure was essentially a repetition of
Expefiment 1. All tasks were wndividua1ly administered to
subjécts in any available quiet room iﬁ the school. Testing
was completed in a thirty-minute session . The order of
administration of tasks was counterbalanced and the same
order was used fof both groups. Table 5.1 summarizes the

m

order of administration of tasks.
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B. Results

The results of Experiment 2 are presented in four
parts. Mean performances on the three tasks are compared
across groups first. A comparison of performance trends on
Item Order and Memory Span across presentation rates is
discussed next. Third]y, the interrelatiomships amongst
per formance on [tem Order, on Naming Time and on Memory Span
are dealt with. Finally, the relationships between reading
achievement and performance én Item Order, Memory Span and
Naming Time are examined.

Comparison across groups. It was predicted that the

disabled group would demonstrate inferior berformance on
Naming Time, Memory Span-and Item Order tasks. The means,
standard deviations and level of significance of differences
between the means of performance on all tasks for the normal
and disab¥ed groups are presented in Tab]e‘5.2. It can be
concluded from the significant differences sﬁown in this
table that the disabled group performed@pobrly on all tasks.
The prediction was therefore confirmed.

Comparisgn across presentation rates. It was expectéd

that the mean performanée of each group on Item Order andr
Memory Span tasks-atwa presentation rate of one word every
two seconds would be greater than at a rate of one word
every second. It was atso predicted that trends in
performanqg on the two tasks would be similar across

presentation rates.
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\
Data obtained from experiments 1 (one word every //\V//

second) and 2 (one word every two seconds) were compared. By
comparing the means. of each group at these two presentation
rates (Table 5.3) it can be seen that performance at the
slower presentation rate was better than at the faster rate.
.Also, the increase in item order performance in Experiment 2
for the disabled group was relatively greater than that of
the normal group. This was not the case for span

per formance.

A 2 (groups) X 2 (presentation-rate) analysis of \
variance {ANOVA) with repeated measures on presentation rate
was carried out to compare performance on Memory Span (list
scores) across these rates. Significant main effects were
gbtained for reading groups, F (1, 75) = 16.835, p < .01,
and presen{ation rate, F (1, 75) = 5.589, p < .01. No
significant interaction effects were found, indicating that
‘trends in performance were similar across the two rates of
presentation. Similar fesults were obtained using item
scores. “

A similar analysis was done to examine thé effect of
slow presentation rate on Item Order. First an ANOVA us;ﬁg
list scores waé carried out. Significant main effects were
found for reédjng groups, F (1, 75) = 18.099, p < .Of'and
presentation rate, F (1, 75) = 79.018, p % .01 and, as with
for the Memory Span task, no significant jnteractibn effect
was obtained. The prediction that trends fn'performance :

would be similar across presentation rates even though the
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mean performance of each group on this task would be greater
at the slower presentation rate was thus confirmed. Similar
results were obtained using item scores.

&

Relationship amongst Item Order, Naming Time and Memory

Span. It was hypothesized that significant correlations
would be obtained between performance on Naming Time
(negative), on Item Order (positive) and Memory Span. .It was
also expected that these Qariables would explain a
.substantial proportion of the variation observed on the span
task. These hypotheses were tested using three types of
analyses, Pearson Product Moment correlation coefficients,
multiple regresston'analyses and%partial correlations.

The correlatioqﬁgoefficiente computeq are presented in
Table 5.4 with the ﬁgﬁues from Experiment 1 shown in
parentheses. [t can be seen that performance on Item Order
is signifioantly related to Memory Span performance in both
groups. Naming T1me performance is only s1gn1f1cant1y
related (negat1ve) to Memory Span performance 1p the
disabled group. | |

Multiple regression analysis using a forward inclusion
procedure was done to determine whether or not a substantial
prOport1on of the variation in span performance can be
accounted for by performance on Naming Time and Item Order
in eaoh group. In this procedure fthe order of tnclusion of
var1ables is determined by the respective contr1but1on of h
" each variable to the exp]a1ned variance. On]y those

variables whose contribution is greater than onevhundredth
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percent or more of the variance are included in this
analysis.

*The results of this analysis are summarizgd in Table
5.5. It can be seen from Table 5.5 that Item Order accounted
for the largest percentage of the variation observed on
Memory Span for both groups. For the disabled gr&Lp only,

Naming Time accounted for % fairly large percentade of the

variation observed in span (8% - 12%) after the cowtributupn
- due to Item Order was removed. &
. * ' ~
Partial correlation analysis was done to determine

whether or not the relationship between Itém Order and
. Memory Span was independent of Naming Time performance in
both groups. The results are presented in Table 5.6 where it
can be seen that the residual corfelatidns between these two
variables remain Qirtual]y unchanged from the Pearson
Product Moment correlation coefficients. It can be therefore
conc luded that_the relationship between span and order are
ihdependent of Naming Time. | | e
Another‘partfal correlation analysis was done to'
'determine'whefheb the relationship between Naming Time and
Memor¥ Span was influenced by Item“Order performance. These
resﬁlfs are sumhaered in TabJé 5.7. It can be-seén here
" that the residual correlation between peﬁformange oﬁ Nam\ng
" Time and Memqr& Spah'inAthe_disabled groﬁp was independent

4]

of Item Order performance.

Finally, an examination,of the Pearson Product Moment

‘correlation coefficients obtained bétweem_perfbrmance on
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TABLE 5.8

CORRELATION COEFFICIENTS BETWEEN
THE PERFORMANCE ON NAMING TIME AND ITEM ORDER
FOR NORMAL AND DISABLED READING GROUPS

83

GROUP | DISABLED NORMAL

) Naming Naming
Time Time

Variable . Words Words

Item Ordér

(Words) ' -0.0722 0.0274

Item Order . .

(Words) 2 -0.0430 -.0135

2

' based on scores computed using the list
-method described in Chapter 4

2 based on scores computed using the item
method described in Chapter 4

Item Order and Naming Time would indicate

of these two variables (lable 5.8). These

found to be related in Experiment 1 where

the independence

variables were'

~

it was proposed

|

\

that this relationship may be due to fast presentation ratel

A

"It would seem that this proposition was confirmed.

Relationship.betgeen reading‘achieyement and

y L

experimental variables. Two types of analyses @ere done to

examine the re]ationéhip bethea reading achievement. as

measured by Schonell and PIAT
on Memory Span and on NT%;:Q Time. It was

berformance on the three

!

eXpected.thaI

perimental varidbles would relate

o

and per formance Qn'ltém brder,
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%

to reading achievement within the two groupsi’The Pearson
Product Moment correlation coefficients computed between
these variables are summarized in Table 5.9. It can be seen
from this table that performance on Naming Time is
significantly related to reading achievement in the disabled
group only. Performance on Memory Span is a1$o marginally
related to PIAT in this group. Again, performance on both
Memory Span and Item Order are related to Schonell in the
normal group.

A mult}ple regression analysis ﬁ%ing a forward ,
inclusion solution was done to detenmigé whether or nbfla
substantial proportion of variation in pegformance ont I
Schonell and on.PIAT can be accounted for by p8rformance onj$z§‘
\the three eXpe:imental variables. %he order of inclusion of
each variable was determined by its contriBufion to the f
prla%ned variance. Only those indep%gdent variables wHigH/-‘q
account for one hundredtﬁ percent or more variance were
included in the analysis. 3
| As can ‘be seen from Ta?le 5.10, a ]arge'percehtage’of AL
the varfation in pérformance on Schonell and on PIAT can be |
‘accounted for by Naming Time penforma;ce in the disabled
group only. In thé normal group, performance on Memory Span
accqﬁnted for a subs%fntial proportion of the variation in

Schonell performance. Thus the predicted relationships were

on]y partially supported.
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. C. Discussion

~

The purpose of this exper1ment was twofold: (a) to

determ1ne whether or not the qual1t£t1ve difference 1n word

7
|

- span performance between normal and disabled groups would

d1sappear when the present%&:on rate of words on the span
task was slowed dodﬁg and, (b).to determine whether the
relat1onsh1p between word identification speed and word
order obtained for the disabled group in Experiment 1 would
disappear i{ presentation rate of words on the order task
was slowed down. The results ar%‘d}scussed below.

The redults of this experiment demonstrated that even

" though performance was higher for both groups when the

presentation rate was slowed down, the components of
performance on word span are still different for normal and_
disabled readers. Howewer, slowing down of the presentation
rate did allow the diSabled'subjects more timé to meet the’
demands of the span task as can be sEen from the 1ncrease in
span performance (Table 5.3). Further, the 1ndependence of
word identification speediand word‘order was obtained on the
span task whereas in the:previoos experiment, performances
on these variables was confounded.

"

Again, it would seem that slowing down the presentation

|

rate on the order task must'have'allowed the disabled

readers more time to successfully complete all of the

per formance requirements on the order task. This can be seen

in the relatively greater increase in performance‘on the

\word order task in Experiment 2 among disabled readers

\\

|

!

\
!

\
|
\
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(Table 5.3). | .
Finally; the Question may be asked if the differential
use of mnemon1c strategwes may have 1nfluenced span ]
performance in Exper1mént 2 swnce s lower presentat1on rate
is conducive to the apptlcat1on of these strategies
(Torgesen & Houck, 1980). However, ‘the comparision of group \
performence at the two presentation rates demonstrated-that
even though performance was hlgher in the second.exper1ment
the trends in variation were similar across groups and
across ‘presentation rates. Thus, if mnemonic strategtes were .
appl1ed this was done in a 51m1lar manner across groups o
A general discussion of the results of the two .

- experxments conducted is presented in the next chapter

’ .



V. GENERAL DISCUSSION
: The purpose of the present study was to 1nvestlgate the

components skxlls 1n memory span as they relate to each

" other and as.they:account for dlfferences 1n;read1ng

'achieVement. Children_with.ayerage’sKill in reading were

compared with those.with reading disability. The major

" ‘results obtained were: (a) significant correlations between

u -word 1dent1f1catlon speed and word span in the dlsabled

o group only. (b) 51gn1f1cant correlat1ons between both dvg1t :

and word 1dent1f1catlon,and Schonel1 performance in the

. , : - : Vo ’
disabled group only; (c) a significant correlatfon between_

word identlfication speed and PIAT performanoe in the

disabled group. (d) the absence of s1gn1f1cant porrelatxons

between item 1dent1f1oat1on and memory span and read1ng

., achievement 1n the normal group; (e) s1gn1f1cant

to wor

cqrrelat1ons between item order. and memory span amongst both

:'nprmel and d1sabled readers,.and (f) a slgnificant

correlation between word order and Schonell performance for

-the normal group only A general d1scussion of these

A3

‘ find1ngs is presented below

Lt\san be concluded from the two experlments that ‘the.

ﬂnature of word span performence is qual1tatiyely dtfferent

for normal and djsabled readers This d\fference lnyolyes
lal

pan: performance in the disabled group only Thls is

~the spe\ixof word identiflcation whlch 1s negatiyely/related
d

‘most probably due to the use of dafferent methods to

1dentlfy words It can be 1nferred from the mean

PN

« .

T



’ f.to use a whole word approach and when this failed they

[ ‘ “7

Ty

performances obtained on item identification (Naming Time" : .

~ scores, Table 4.3) that the two‘groups are using different

—

‘~:methods to‘identify words The convergence of the means for

"digit and word identification speeds in the normal group
would imply that thﬂs group is procesSing words almost bs
fast as digits ‘This would suggest that there is a tendenéy
amongst normal readers to use a whole word method to ﬂﬁﬂi,l
1dent1fy ‘words. On the other hand, Aghe large differences g
between these means for the disabl would suggestf‘

that these readers may not be using a whole word approi@h

; g“\f\ -

Rather,ithese subjects may be identifying words by analyzing
. their parts. | '
? ‘That these two groups may be using dwfferent methods of
attacking words during identification is SUpported by the
i work of Perfetti and Hogaboam (1975) . These - researchers

. *-investigated the relationship between single word decoding

| skills and comprehension among third and fifth grade

80

-
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‘students who were. classified as high and low achieyers-in'l -

| comprehension Differences in the time taKen to identify

' high frequency words were found between high and low /;f%w

;,achievers It was reasoned that these differences reﬁledted e

. \\V
different methods-of attacking words That’is on the one

hand, high achieyers were using a whole word approach to '

'gffidentify words On the other hand low achieyers may attempt :

| resorted to the analysis of parts of the word




.'3_'involved in the qualitative difference in word span
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The utilisation of these two methods to iden\hfy words

i‘:'is not surprising when one taKes into account 1nstructional
’ strategies The approach cdmmonly USed to teach children to

recognize the words used in this study is a v1sualisation

v

'one or the recognition of these words as wholes by sight

J

(Hargis. 1982; Lerner!@1981) However. when childnen fail to
successfully recognize these word by sight, alternative -
methods are taught such as the'an:l;sis\of“wordshat the
level of letters or parts of words These alternative,il.
methods are generally promoted in various Kits which are
used for supplementary instruction in reading (Hammill &

} Bartel, 1982) Thus whige normal subjects are successful in
: identifying words by yisualisation disabled subjects may be
| unsuccessful with this. method of attack and as such resort
Tto the use of other approaches which involve symbol sound
' Lcorrespondences or phonological coding o d

That the use or non use of phonological coding is R

i u.}performance between the two groups is also supported by the -'

| ﬁt'dwonkinq memory model (Baddeley & Hitch 1974) Baddeley et

(1975) provided evidence that phonological coding

':-funderlies the relationship between identification speed,and

”rspan performance In a series of experimemts which involved

iiffifthe manipulation of various tasK parameters, Baddeley et al

“i"3iﬁinvestigated the factors which affected word span ;;s;'??v ?7'

"fk}’performance among university students One manipuJation

ﬂ*ffﬁinvolved the syllabic length of‘words (one to five iffjdﬁi*]*t?' '

e
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‘squablesl W1th recall of homogeneous lists\of five words
compr151ng span performance It was found that span |
"performance decreased with 1ncreas1ng syllabic lengthl o
indicating‘the inyoluement of'speech-like coding In another
7.manipulation' the effect of suppreSSion (having subJects
articulate a series of 1rreleyant items during span ‘
‘tperformance) on the visual ‘and auditory span performances of
univer51ty sxudents was studied Four conditions were used,

'auditory and yisual control, and aUditory and yisual

E suppression Words of two syllabic lengths (one and five)

",were used as stimuli It was found that suppression

.3,decreased the performances of subJects on both auditory and
'nvisual span Howeyer, the effect of word length on’

_;performance was only eliminated in the yisual suppression }t

'f.e'condition The elimination o# the word length effect .was.

taken by Baddeley et al, (1975) to mean that the -

‘articulatiog of 1rrelevant items suppressed the
transformation of yisually presented information into

' ~speech like form for storage in. the phonemic buffer By |
'comparision material was already presented in 2 speech like‘~

’rform in the auditory condition and as such suppression had -

';,'no effect on word length

] If the inyolvement of phonological coding is basic to
'?rthe relatjonship between word 1dentification speed and word R4 ’
:span,‘then this is consistent with the reﬂationship obtained o

p;‘between these two yariables for the disabled group in the

| 7fﬁfpresent study since it has been dlSCUSSBd aboye that these -

e . N
: ._.,
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subjects may have. been using"symboi sound correspondences as

thod of 1dentifying words. The obtained reiationship is o

jcon51stent wit

Cal., 1935; Nicolson, 1981;

"tanding et al., 1980). These .-

'studies have demonstrated a relationship between word -

_1dentif1cation speed and word span across various groups >

. univePS]ty students\(Baddeiey et al., 1975), community
~college students (Standing et al., 1980) and‘84k10,‘and 12
'yea} oid‘pupiis.(Nicoison;v1980)' ‘

The absence of re]ationships between word

ings of other studies (Baddeley et_r4 |

‘1dentification speed and word span for the normal group and S

between digit’ identification speed and digit span for both’
grbUps can be most probabiy attributed to the \\
‘nnon inyoiyement of phonological coding since 1t was
discussed that these items were being processed v1sualiy as
wholes. . Howsver, the information processed cannot be stored
in the phqnemic'buffer'since it would haye;to.be in a

. speech1iike_form.,Thus"the_information:will have to be- \

“stored in another bUffer'untii recall, -most probabiy a

h*'tyisual one. Baddeiey and Hitch’ (1974) indicated the

hexistence of such a buffer in working memoh? even though the

B evidence to support it was sparse

[*One of the iimitationsfof the present study is that it
{;is focused on speed and not on the component processes which
- may underlie speed As such it is difficuit to conciude what

| 'ptypes of processes the two methods of identificatioh may

‘j‘represent, Neverthe]ess. it can be inferred that these

s s
-
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' '
methods may represent the use oubnon use of au)pmatic
proce551ng It is proposed that there was a tendency amongst
tomatically, that is,

L)

they are identifying items w1thout mucb—consc1ous attention

normal readers to 1dentify items au

~ being directed to the type of item being identified Such a -

propOSition is based on the convergence of mean speeds for
digit and word 1dent1f1cation in this group (Table 4.3).

However, this is not the case for the disabled group since

the large differences between digit and.word identification

speeds would suggest that 1dent1fication proceeds with the’
1nvolvement of conscious attention. A oo
" The proposition that these two approaches may‘represent

automatic and non- automatic,processing, and that

‘ &#
non automatic proceséing may involve phonological coding is.

supported by the findings of other studies (Denckla & Rudel

1974; Perfetti & Hogaboam, 1975; Rudel, Denckla & Broman,

o

*
1975) For example Denckla and Rudel (1974) studied the

performance of three groups of subjects-- learning disabled

B dysiexic subtits,Alearning disabled non- dyslex1c SUbJects

{
\and a normal control group--'on the Rapid Automatized F|

Naming (RAN) battery of ‘tasks. In this battery. the |
subJect s. task is to orally identify sheéts of fifty items

'(colors, pictured obJects, upper- and loWer case letters and

5,numbersl The time taken to identify each sheet of items is

used as an index of performance It was found that dyslexic o

'subJects performed worst and normal controls best Denckiaf.e

V and Rudel (1975) concluded that these differences npy

v : :
L S ’
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- successful erformance in read1ng has been 1ncorporated into

/sead1gg
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+ represent a failure-of disabled Byb jects to automatize;flnta
.subsequent study. Rudel et al (l978) manipulated the RAN

tasks in order to study the effect on performance of -

dyslex1c and non- dyslex1thh1ldren when the vocal response
was el1m1nated {rom performance The subJect s task was - now

to cross out a target symbql (letters, numbers," triads of

. numbers and of letters) every time 1t aopeared"amongst a

sheet of 140 ltems The t1me taKen to complete each sheet

was- used as an 1ndex of performance It was found that only

. performance on sheets whlch contamed let‘ter and &uuber

triads as the target was able to dlst1n901sh betieen . the two
groups. A compar1s1on of the f1nd1ngs of these two stud1es :

led Rudel et al. to concldae that the failure to automat1ze

‘may be related to the relat1onsh1p between speech and |

’ y
N

The use of automat1c process1ng, that ls.the execut1on

of an activity w1thout any conscibus d1rect1oqybe1ng
dlrected to it, has been llnked to the notJon of l1m1ted~

\capaClty (the avallablllty ‘of a fixed amount of attent1onal
“resources to perform on_pogn1t1ye tasks) in current |

Jcogn1t1ve theor ies, part1cularly those that deal w1th sk1ll
&

acqu1sft%on lNelsser Hmrst Spelke,'1981) For example,

the not1on that the speed of. 1dent1fying words 1s crucwal to -

B current conceptuallsatlons of how readlng occurs (Gough

. 1972; Laberge & Samuels, 1974 Lesgold & Perfett1 *1978;

D'Perfett1 & Roth 198l) It 1s generally agreed tha? fluent

- . @ . . a . . N ) .
- . S Loe . . T . -
: : - : . -
o ! - . : . ot
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\'read1ng requxres the “execution of many processes within a
‘f1xed amount of attentlonal resource If less attehtion is
Adlrected to the executlon of some of the lqyer-level :
component,processes,sucn asﬁhord recognlt1on. then one can
expect a greater;allocation of attenfional»resources ts
Y .htgher level pnocesses such as the 1ntegratlon of WORdS 1nto
L meanxngful un1ts ln\erder to extract mean1ng As such a fast.
g,rate o¢ word 1dent1f1catlon or\automatlc 1dent1f1cation may
be cruc1al to'successful performance on readlng The slow
.‘speed of 1tem 1dent1f1cat1on character1st1c of: the dxsabled
vreaders in the present study may therefore be the key to an
'understand1ng of the nature of read1ng/d1sabilxty
- If automatic process1ng w1th1n the framework of lwm1ted
capacfby is cruc1a} to successful performance on cogn1t1ye -
tésKs, then in the context of the preiglt study, the
?tquest1on artses as to how to critically assess these two
i />¢oncepts dn regard to performance on the Memory Span task
l Onetmethod commonly employed to measure automatvc processxng |
1s that used by McClelland and dackson (1978). and Jackson |
| (1980) to study 1nd1y1dual differences in readtng ‘
vach1eyement amongst oollege studenik class1f1ed as h1gh and
l}tiflow achlevers 1n readlng Here automatlc process1ng was’
. lemeasured by the t1me taken to dec1de !pethen fam1l1ar
1;ob3ects, letters dhfamsﬂ1ar obJects and characters were theyi
'-;:same or not It is assumed 1n these stud1es that there are
;fcodes for famtllar obJects and letters in long term memory

“(representat1ons of fam1llar symbols 1n long term memory)
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andfthat these codes are non-existent-for unfamiliar jects
'and characters. These codes are formed after extens1ve
exposure to the symbols they represent [bus«\tfiautomat1c
‘processing is a factor- contr1but1ng to 1md1y1dual |
idtfferences in reading;, only the t1me taken to decide
r'whether fam1llar obJectsiand Jetters are the same or not
should deferent1ate between high and low’ read1ng achlevers .
VTh1s was found)tn these experlments and it was concluded
'_that the use of automatic proce551ng is a contr1butory
factor to 1nd1y1dual dlfferences in read1ng ach1eyement
'»vamongst college students Howeyer, it would seem that this 8
‘measure of automatlc processing is somewhat superf1c1al A
since one would assume that college students are automat1c
in access1ng letter codes . |

Alternatlyely, one can probably view mgtomatlc -
‘processlng in terms»of the 1nyolyement of the central.
processor in 1nformation ppecessing If no Attent1onal
‘Fesource is d1rected to 1dent1f1catlon of, words on the span
'tasK then ‘this would suggest that cogn1t1ye acttylty is
_non medlated through the central processor If the act1y1ty:
;15 non- med1ated then thet1nd1y1dual must be unaware of 1tst
‘_proce551ng One poss1ble way to crltlcally assess these two{
E not1ons on the span task 1s to test awareness of process//g
act1v1ty If a subJect ls aware of the act1y1ty then 1t‘
would mean that attent1pnal resources are d1rected to 1t and;,
other hand' non awareness of actwywty would suggest e

oy

that capaq1ty or central proce381ng twme 1s 1nvolyed On the';‘f*
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autogatic processing and virtually“ho involyement of the ;‘

4

'vcentral processor This is suggested in. the worK of H1rst

Spelke Reayes, Caharack and Neisser (13980) who dey1sed A

1
\

s1mp1e teéts (for example,‘recogn1t1on memory) to check ST
;whether'subjectsﬁwere aware of the mater1a1 which was_be1ngr.
'processed automatical]y. One could‘constdert1anrporating
such 4 test in the present study. ‘t

‘ The~ ﬁpeed of 1tem 1dent1f1cat1on was also found to ,

" relate to read1ng ach1eyement in the d1sabled group (Table
“5 g). There was v1rtually no-. such relat1onsh1p between these
two yar1ables for- the normal group (Table 5.9). It can be
"suggested from. these results that 1dent1f1cat1on or deCoding
speed pred1cts readlng ach1eyement in the d1sab1ed group and
that read1ng ach1eyement 1n th1s group is partxal]y |
”determ1ned by. what takes place at .the 1eye1 of the wtrd

.Such a conc]us1on is supported by the work of Shankwe11er

and L1eberman (1972) who in a deyelopmental study tested thev
assumpt1on that beg1nn1ng readens may encounter dlff1culty .
at the leyel of the word- rather. than at connectgd text. The - §
subJects compr1sed of second th1rd and fourth grade ayerage {3
'hreaders who were ofJayerage or aboye ayerage 1ntell1gence |

SubJects were requ1red to read word 11sts and, paragraphs

vPerformance on word l1sts was found to be strohgly related |

] ffto paragraph read1ng and th1s f1nd1ng led the researchers tohg

h ¢cohclude that a slow rate -of read1ng words may contr1bute “to

f11naccuracy 1n read1ng connected text ’

B )
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\[he failure&toﬁobtain a significant correlation bgtween,
order and reading achieyemenf for the disabled group may
' have octurred as a result|of the task used to measure order
(Table 5.9). Informal observations would suggest that this
task may not have been a pure measure qf order in the
disabled group. These %bjects were using strategies such as
rehearsal as evidenced by lip movemen?s and the ehcoding of
the initial letter of the words in order to remember the
order of presentation of items. This may havg occurred
because the information content of the items were too high..
Thus subjects were required to encode identity as well as
order and this may have caused them td® resort to the use of
various strategies to rememggr the order of‘items. As such,
”a satisfactory method of assessing memofy for order should
be devised. Y |
’ ~The develbpment 6f a pure measure of order has been a
critical problem in research in the area of order memory.
The~main probleh centres around the development of a task .
which measures drder.witpout inyolving the encoding of
ideétity. thjous approaches have been used in other studies
. .to solve this problem. Two of these approaches have been
' focuseg on minimizing tHe information bonfent’of stimuli on
tasks whﬁch'measure ther so that identity requirements in
per formance are negligible. In the first.ébproahh, identiéal
stimuli such as Knox cubes are used {Corkin, 1974). The
cubes‘hrg{piéced;iﬁa %éft to nfght order on a table in

front of the sdbject. The examiner taps the cubes in a

o
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pre-determined sequence and upon completion, the subject is
required to retap the cubes in the same:order. This
manipulation is however methodologically flawéd since the
measurement of temporal order is confounded with spatial
orderf That.is,.the subject is requiréd to encode temporal
order from stimuli placed in a fixed spatial order. Subjects
also generally use counting as a strategy to encode the
érder of thé stimuli. Performance on the Kndx cubes is thus
dependenf on at least two factors; :

In the secqnd approach, a fixed set of highly familiar
items such as digits or consonants (Mason, Katz & Wicklund,
1975) is used. It. is assumed that the use of highly familiar
items minimizes the identity requirements of the {ask.

" However, the encoding of identity is still required in this
procedure. | ;

Cohen and his colleagues (Cohen & Gowen, 1978; Cohen' &
Sandberg, 1977, 1980) have used somewhat djfferent measures

of order memory. In the Qrdged serial recall task, the

subject is presented wi 3 string of 9 digits and ubon
completion of presentat he(she) is fequired to recall
the first three digits ¢A digits), the middle three digits

¢

(B digits) or the final three digits (C digits) in the order

of.presentation, In the runnigg;memory task, the subjéét is
provided with strings of digits VAryfng iﬁ length. The
sﬁbject, unaware of string length, iscasked'to repeat the
last three digits in order. In these tasks, even though‘the

: : ] .
identity requirements are minimized by the use of ‘a fixed

Y
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set. of highly familiar items (9 single digits). per formance
may be confounded with the uselgf strategfeg because of the
element of sprprise‘in these tasks. Forﬁgﬁ?gple, in the
running memory. task, the subject is unawaﬁe}of when the
presentation of digits will be terminated aed as-such he may
_ try to ensure thaf that at all points during presentation
the last three digits are active in memory..The deve lopment

. of a pure measure of order is thus a critical problem in

Y

research on order memory .
The Eelationship obtained between order memory.and
Schonell in Experiment 2 (T:SJe 5.9) would suggest a link
between the underiying processes -in both tasks. This
relationship would suggest that order and reading
achievement are related at the level of the word. However
this finding must be interpreted w1th caution since it is
not clear why order memory would relate to Schonell
performance and not’to PIAT. The question can be asked
whether order is related to yord recognition or to other
behaviors associated with Schonell performanée The
relat1onsh1p between order and Schonell may have occurred as
a resuLp-of d1rect1ona1 constra1nts imposed on Schone]l].
" Subjects are instructed to,reed the words from left to right
on the Sohonell‘test. It would therefore seem that the. \
Ire1ationship between order and reading needs to be assessed

An an appropr1ate1y des1gned exper1ment

i

Mann, Lieberman and Shankwe1ler (1380) prOppsed the use

8

of - the Tokequest (De Renzi & V1gno]o, 1962) as an
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alternative to measurg item order. This test has been used
to measure impairment in receptive language combfehénéion in
aphasics. Hithy familiar stimuli (templateé of cigsles ang,
rectaﬁgles) are used and these are varied alohg,thé
attributes of sizé and color. The subject is reqﬁined to
obey verbal commands of high information and incneasing
difficulty 1e:3F The commands are instructions which
réqUiré the retention of ordered information so as to
execute them correctly. for example; at the first level, thé‘_
subject is only required to ' touch the green circle’ while
at the highest difficulty level, he is required to do thej
fbllowing ’be%ore touching the yellow circle, pick Qp the
red rectangle’ . One advantage of using this test is that the
commanas are verbal and as such it eliminates the probleﬁ of '
visually processing the identity of items and as such these
requirements should be minimal for the disabled subjects.
Thus it may be useful_in.studying item order.

The major implication for practice which-has arisen -
from this study is the necessity of'traihingtchildren to be
both accurate and fast at recognizing words if successful a[

adhievement in reading isito be attained. Disabled readers

in the present study were accurate in identifying words, |,
howevef this was not enough‘to enable them to succeed on the
span iask.'This sugges%ﬁon is not novel. For example, Smffh
(1981) proposed that five elements.sh0uld'be'incorpofaté% in
aeveioping intérventioh strategies for learniﬁg disabled

students. These are: acquisition, pqoficiency,_maintenanée,
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generalization and adaptation. The first two elements refer
> to the development of both accuracy and‘speed.,Both Smi th
(1981) and Singer‘(1982b) provide concrete suggestions as to
. how teachers may incorporate speed in the curr1culum for
learning®and reading disabled pupils respectavely

/ In summary, the present research was deS1gned to
address the issue of whether or not 1tem‘1dent1f1cat1on
speed and item order are compdhents_cdmmon to span and
reading. The»main'conolusion of the present study is that
;the‘slow.speed of item‘identification‘is common to |

i

performance on word span and reading achievement amongst
disabled readersl tt was:suggested»that the use or non-use
of automat1c processing may be central to understand1ng the
issue of whether or not dtfﬁerences in work1ng memory can
account for differences in reading ach1evement However
certain Kkey quest1ons should be answered in regard to the
concepts of speed. of encoding,- automat1city and the
necess1ty of,accept1ng a l1m1ted capacity in 1ﬁformat1on
processing (Neisser et al. , 1981). There is also the" S
unresolved problem of measuring memory for -order w1thout the
burden of identifying the items whose order is to be | |
recalled. The relatlve but separate contributions of item
1dent1f1catlon speed (naming t1me in the present study) and
memory for order to 1ndiv1dual d1fferences in span haye to
‘be determined. It seems. that only then can we begin to

inyest1gate nnto the connectlon causal or otherwise,

between readtng on the on\\hand and the oomponents.of memory
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.span on' the other.
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A APPEND{{ A: Word Reading Task

o

Experimenter:

o~

"1 am going to show. gpu‘some cards w1th words 6n them. [
want you to say the word printed on each card as quickly and -
as corregtly as you can.

P

Ready! . ..

Turn the cards over. R ‘  K

1If a child misses a word, he is excluded fFom the sanple.

.
v .
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‘Pre-Primer

a

and

away

at

big

j blue

can
come

B }]
dawh

find
for
gfunny
i-[gQ
;‘hg]p

" here

in -
s’
it

Cjump

 DOLCH BASIC 220 WORD LIST

Pre-Primer -

100k
make
L
my

not

one .
play

red’

- run

said

see

the

_thbeé
to-
.two( ,f

1 up

we

where

- yellow

you

e
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DOLCH BASIC WORDS (Continued)

Primer . Egimgg
all yes

am . - ' please
are ' preéty
ate ' ran
bg ‘ ride
b]ackh saw
brown say
but e ® she

© came _ SO
aid soon
do that
eat g re there
get ) they
good . this
have - too

he -under
into -want
like was
must ﬁ Ma;g]
new . Qent
no . ‘whaﬁ
now - white
on - ' who
our . | Cowil

out ' | with
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APPENDIX B: Naming Time

A

Naming Time for Words

Instructions:

1. Experimenter:’"l am going to show you a sheet of words.
I want you to read these words from left to right as
-quickly and as correctly as you can."”

First, we’ll do a practice;

2. Have subject read the practice sheet and make sure he
understands the instructions. .

3. Experimenter: "Now, I am going to time }ou. Ready!'"

* a. Give subject the Nirst sheet:
b. Start stopwatch wheh~subject vocalizes the first

word.
c. Record the time taken to read each sheet.

S

Practice Sheet

let .’ old of his - give

may put "~ his over then

115



- blue

up

eat

went

she

make

good

where

said

will

that

heip
came
but
am
too

500N

ran

now’

want

come

into

two

at

© our

no
this

pretty
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can
red
with
-like
not

white

"three is
7
new - down
get S0
see are
who ride
;‘e

on run

saw
did

it

my

one

- must

T 117

in

there

the

please

they“

Vblack



ook

to -

- out

- find

yes

you

go
brown
do

we

- play

jfor

ate
say

and

be

~here

well

away

have

what
jump

yellow

 was

big

fuhny,

he

all

under
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~'Naming Time for Digits
Instructions - | | -
g . . .
1. Experlmenter, “I am going to show you a sheet of
numbers. 1 want you to read these numbers from left to

.r1ght as qu1ckly and as correctly as you can.
First, wetll do a practice" o |

2. Haye the subject read the practice sheet and make sure
- he understands the 1nstruct1ons o g

3. Exper1uenter, "Now, I am going to tfme you Ready'"

Practice Sheet
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APPENDIX C .

Memory Sp‘an
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. | APPENDIX C: Word Span

Instructions

1. Experimenter: "I am going to show you some cards with a
word printed on each. Read each silently as I show it to
you. After I am f1n1shed I want you to say the words in
“the same order as | showed them to you. :

Experimenter: First, we’ll do a practice.”
2. Do‘practice trial'

a. Present werds ‘at a rate of one word per second.

b. After presentation, have subJect tell you the words
in the order presented

Record the subject’s response. '

Make- sure he ‘understands the anstruct1ons, if not,
do pract1ce trial.2.

Q..O

3. Do remalner of- test

Exper1menter4 "The ]ists will get Iongen as we go along.
Ready'" , ~ ‘

. Stop adm1n1ster1ng the test when child misses four
”"onsecut1ye responies of same length. :
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“73;

are,went;&his;at,

- he,was -

be,you,down, red,

- to, three

t “Word_Span
Name: ‘
2a. old,put 2b. may, let
3a. he,under,no 3b. now,have, red )
3c. three,at,can 3d. make,am,my
43, our,to,Who,away - 4b. eaf}black,say,my
4c. one,be,under,goad 4d. get,too,wher%/This
5a. blue,here,ride, 5b. jump,soon,n;g\h
are,well they,yes
5c. say,into,brown, 5d. for,look, that,
is,have a,here
’ .
6a. said,red,well, 6b. find,but, two,not
with,do,help ~went,yellow
6c. there,am,black 6d. on,come, the,all,
go,must,my Know, we
please,out, funny, 7b. make,go,what,
white,did,me, + there, find,can,
said - play
7c. will, yellow,up, 7d. want,come,brown,
ran.she.not}saw‘ in, for,so, they
8a. big,saw,now, '8b. he,away,and, yes
- pretty,run,no, can, see,
ate,down , -~ funny,new
8c. he,away,and,yes 8d. up,want,ran,white,
' can, see, funny,new ' b1ue;come,look,iq
9a. she,tfiree,what, 9. eat,did,two,I,now,
. all,play, too,was, - the, jump,make,we
9c. came,one,into, [9d.,good,where,get,

B



126

Diqit Span

Instructions

Experimenter: "I am going to show you some cards with a
number printed on each. Read each silently as I show it
to you. After I am finished, I want you to say the
numbers in the same order as I showed them to you.

Experimenter: First, we’ll do a practice."

Do bractiCe trial.

‘2. Present the digits at a rate of one per second.

b.>After presentation, have subJect tell you the d1g1ts
in the order presented.

c. Make sure he understands the instructions, if not,
do practice trial 2.

Do remainder of the test.

| Experimenter: "The lists will get longer aSjwe go along.
Ready!" :

Stop adm1n1ster1ng the test when ch11d misses . four
responses of the same length.
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.+2,7,3,5,9,6,1,4

Q3
Digit Span
Name :
2a. 1.4 o%b. 2.5
|
3a. 3,7.4 3b.9.5.8 .
3c. 5.2.9 3d. 8,1,3
‘4a. 2,4,9,5 . 9,2,8,
4c.8.,6,9,3 4d. 3,8,2.4
5a. 4,2,6,9,5 5b. 5,1,7,4,8
5c. 8,2,9,3,6 5d. 9.4.6.8,5
6a. 5.1,9.4,8,2 6b. 7,2,8,6,1,4
6c. 9,3,1,8,2,7 6d. 6,8,4,2,9,1
o , W N
SE)!
7a. 2.6,3,8,5,9.4" 7b. 3,1,6,2,4,9,7
7c. 3,5,8,4,6,9, 1 7d, 9,4,1,5.8,2,6
8a 8b. 8,6,1,3,7,4,2,9

»
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8c. 9,4,6,3,8,5,1,7 8d. 6,8,3,7,9,5,1,4

Sa. 4,8,2,6,3,9,5,7,1 9. 8,1,9,4,6,3,7,5,2
S8¢. 9,5.7,3,6,1,8,2,4 9d. 5,7,4,9,3,8,6,1,3
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Scoring Procedures

Two methods of scoring were used. Each is described
separately below.

1. List Scores

a. Serial Recall
1) Basal Level = 2.00
2) Each correct list in correct order = .25
3) Total Score = 2.00 + x(.25) where x = number of
" correct lists recalled N

b. Free Recall

1) Basal Level = 2.00

2) Each correct list regardless of order = .25

3) Total Score = 2.00 + x(.25) where x = number of
correct lists recalled regardliess of order

2. Item Scoring ' —

a. Serial Recall _
1) Number of items recalled in correct order = X
_ 2) Score = x points
b. Free Recall
1) Nuqber of items recalled irregardliess of order =
x .
2) Score = x points

3. Penalties

a. Subtract one point far each extra item added
1) eg. "7,3,4,2,9,6"
Subject’s response: 7,3,4,6,2,9,6
Score = 5 points
b. This also includes repet1t1on of digits
1) eg."7,3,4,2,9,6"
SubJect's response: 7,3,4, 3 4,2,9,6
Score = 4 points
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APPENDIX D: Item Order

Item Order for Words

Instruct1ons ' s

1.

Exper1menter, "I am going to show you some cards with a
word printed on each. Read each silently as I show it to
you. After I am finished, I am going to show you the
same cards which are mixed up. I want you to put the
words back in the same order in which I showed them to
you.

v

First, we’ll db a practice trial."
Do practice triai

a. Experimenter: "First, I'll show the cards to you.
"Read them silently."
Show the cards at a rate of ‘one per second.
Experimenter: "Now, you give them back to me Just as
I showed them to you."
d. Experimenter: "Is this how I showed them to you?

- Which was first? Which was last?" .

0o

e. Record the child’'s response.

f.. If child fails to understand the instructions, do
trial 2. _

Do the remainder of the test. . ' G~

a..‘Experimenter; “The lists will get longer as we 'go
along. Ready!"

-

Stop administering the test when child misses four
consecutive responses'of‘thg same length.

[4

Q
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Item Order fOP‘WOPdS

Name:
2a. know,after . - 2b. again, let
3a. funny,run,anl 3b. up,yellow,we
3c. ride,but,not . 3d.went , frew, brown
4a. pretty, jump,will 4b. make,like,blue, -
are o with
4c. big,who, to,soon 4d. where,ate,now, it
5a. she,out,do, - . 5b. but,can, funny,
white, there o ~ into, down
5c. they, out,with, - 5d. black play, r1de
not,up _ . said, he]p
6a. good, haye did - 6b. say,and,have
my ; 100K, want _ : - brown, too,under’
6c. but, that new 6d. big, must f1nd '
: saw,yellow,one .- - eat,get,so
'75;'ate,we,you4here-‘ ~7b. I,on,went,all -
' what,well,our in,see,ran :
7c. that,no,come,help - 7d. two ,go,pretty,came
at,me, three - ' " be,red, for ¥
8a. was,eat,the,am - 8b. he,to,is,yes,soon
run, this,you, so . 'see,who, too
8c. yellow,come,white, ) 8d. make play please,
went ,me,what ’there two,brown
look,as . B say,are
9a. on,under,it _ 9b. into,away, for,
. down,well,not ‘ - want,go,must S
at, ride | . .funny good,black '
9¢c. he,all,red, w1ll 9d. saw,please, three,
where yes, flnd S sa1d run,came,.

blue;jump , R am,bur,get

B
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3

-Item Order for Digits

1

Instructions

1.

(4.

Q 00 w

R,

‘wExpérimenfgr;_"I am,going'to'Show you some'cardsAwifh a
- number printed on each. Read each silently as I show it

to you. After 1 am finished I am going to show you the
same cards which are mixed up. I want you to give the
numbers back to me 1n the same order in wh1ch I showed

3them to you. o

Z?First we II do a ppactice tp,alu"kkﬂ”

. Do pract1ce trial. —“““§\~) e
Experimenter: "F:cst//I “11 show the cards to you.
Read them siLentTy' -
- Show the cagds at a rate of one per second.
Experimentsr: "Now, give them back to me Just as I
--showed them to you." -
. ‘Experimenter: "Is this how I showed them to you?

Which was first? Which was last?

Record the child’'s response. ~
" 1If the child fa11s to’ understand the 1nstruct1ons.
do trial 2. ,

Do remainder of test.

"The Iists will get Ionger as we go along Readyl“

Stop adm1n1ster1ng the test when. the ch1ld misses four
consecutive responses of the same length.
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ltem Order

Name.

2a.

2b. 2,9

1,3

38,5

3a.

aNw |

N o
(o) od

0
o™

3c.6,1,4

< Q0

(02X o]

o~~~
PR

M

‘@Q
-
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Scoring Procedures

rs

5. List Scoring

a. Basal Level = 2.00
b. Each correct 1list reproduced = .25
c. Total Score = 2.00 + x(.25) where x = number of

correct lists reproduced

6. Item Scoring

a. Number of items reproduced #n correct order = x
b. Total Score = x points



