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ABSTRACT

WORKING MEMORY AND READING:
A DEVELOPMENTAL STUDY

Adar, Marilyn Joan, B A MHons, Rand Afrikaans
University, 1983,

Models of reading comprehension using the working
memory paradigm have been formulated from studiea using
adult readers. Although there appear Lo be differences
in working memory skills between beginner and mature
readers, and nermal and reading digabled children, the
exact roele of working memery in reading is still
unclear, This study examined the role of working memory
in the development of reading in children. A study by
Baddeley, Logie, Nimmo-Smith, and Brereton {(1985) was
modified for tLhis purpose 1o accommodate factors
relavant to reading development in children,

One hundred and ninety nine normal Std 1, 8 and 5
reeders were kelected for the study. The children were
tested in thelr classrooms in groups scsoxrding to their
gtandard of education. The test maberials assessed
firstly, vericous component reading skills, namely,
phonologival coding and lexical access, and reading
comprehensioh, and secondly, vaerbal and nonvarbal work-
ing memory. The working memory tests included ‘tradi-
tional measures of working memory span, such as the
digit and word span tests (verbal), and a dot counting
gpan {(nonvarbal). Other working memory tests included
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gcomplex reading and listening span tests, The language
tegts relevant +to reading in  children included
vocabulary and listening comprehension.

The results showed strong developmental trends for all
raading and working memory measures. The complex read-
ing and listening span tests failed to predict reading
comprehension in this group, and only scorrelated weakly
with reading comprehension in the 8td 1 subjects.
However, they correclated significantly with lexical
dJecision measures in all subhjects. The best predictors
of reading comprehension were listecuing comprehension
and vocabulary. Reading comprehension  correlated
significantly with measures of phonolagy in the Htd 1
subject group, and with measures of lexicsl access in
all the subject groups. None of the traditional teats
ef working memory correlated with reading
comprehenston, Instead, they correlated significantly
with component reading skill tests.

According to the results, the reading span “Lest
correlated significantly with, and prediocted, the
ability to access lexical enlries from print. This
suggests the presence of a commen component, ypossikly
information processing  spesd, The working memary
measures tapped the phonological lLoop rather than the
central exccutive. Howaver, this may support the view
of obLher researchers that there is a language and
gpatial processor In working memory instead of a
general central cxepgutive., This language procassor may

be gitusted in the phonological loop and may be
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involved in reading. However, further research is
required to test this postulate,
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GHAPTER 1
BRIEF OVERVIEW

In recent years, cognitive puychologists have
spearhsaded human cognitive research. They use an
information procesging approach to understand the
mental structures and operations involved in complex
skills, such as memory and reading. The construct of
information processing refers +to a sequence of time-
consuming cogniltive acktivities ococurring between the -
reception of an external atimulus and an cbservahle
response {Klatzky, 1980; Meyer, Oszman, Irwin, & Yantis,
1988). The present research makes use of an information
processing frame of reference ta  examine  the
developmental relationship between components of memory
and reading.

Memory is e¢rucial for effective everyday and higher
gortical funetioning {Lindsay & Norman, 1977). Human
memozry consists of a omplex series of interconnected
syahems enabling storage and retrieval of inferuastion
{Baddeley, 1982, 1960}, These systems include sensory,
and short- and leong~term, memory (Lindsay & Norman,
1977, Baddeley, 1980). As the name implies, short-term
memory provides temperary storage for information
(Baddeley, 1982, 1890), Broadbent {1968) proposed the
first information procesaslng model of short-term
memory. The modal was latey expanded to include a
gshom=~term "working" memory (Atkinseon & Shiffrin, 1971)
a8 1llustrated in Figure 1. This working memory im for
halding and manipulating material during various
cognitive tasks, such as reasoning, mantal arithmetio
and veading (Baddeley, 19903 Rlatzky, 1980), and



simultanaoualy transferring newly processed information
to, and retrieving other information from, long-term
memory. An example of retrieval ¥:em long-term memory
wheti processing new material ie ~ocgaing the meanings

of words while reading., Nowadays, cognitive
pasychologiata tend to use the term "working memory"
rather than "short-term memory", as the latter depicts

the infermation processing funetions of  t:igs aystem
more accurately (Waldron, 1987},
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FIGURE 1

The Atkinson and Bhiffrin wedel of memary. From
Atkinson R.G,, & Shiffrin R.M. {1871},

The sequential storage of printed words and the text-
processing and =integrating funotions required in
reading comprehension in adults are attributed to
working memory {Baddeley, 1984, 1986, 1990; Daneman &
Carpenter, 1880}, Models of reading comp:chension using
the working memory paradigm have been formulated using
skilled adult readers as subjects (Blecom, Fletcher, van
dan Broek, Reltz, & Shapiro, 1880; Flelcher & Bloom,
1988; Rintsch & van D1k, 1874; Just & Carpenter, 1880,
1987; van DiJjk & Kintsch, 1983). Tn children, +the role
played by working memory In reading comprehensien has
been Inveabtignted by comparing disabled readers and
normal controls matched for c¢hronologionl and/or



reading ages (Ackerman, 1984; Jorm, 1983; Oekhill &
Yuill, 1986; <Yuill, Oakhill & Parkin, 1989). However,
from a developmental point of view, little is known
about the interactlion between working memory and
reading comprehension, Furthermore, developmental
chapnges in the memory processes of poor readers need to
be addressed (Jorm, 1883) as there is evidence of
working memory deficits in these children (Brady, 19688;
Torgeson, Rashotte, &% CGreenstein, 1988). These deficits
appear to be language-based and to involve phonological
coding, that is, the conversion of symbolic satimuli
into sounds (Brady, 1986; Lisberman, Mann, Shankweiler,
& Werfelman, 1482; Mann, 1984; Rack, 1988 Torgeson,
Rashotte, & Greenstein, 19888).

There is, thus, a need to study the interacticn between
working memory, component reading Strategies and
reading comprehension from a developmental persapective,
The prenent research atitempts to address this need by
nodifying studies of Baddeley, Logie, Nimmo~Smith, and
Breraton (18853), using adult subjects, for children at
various stages of reading development.

A variety of memory and reading constructs are covered
in this thesis, and the layout is.as follows, Detalled
thearetical backgrounds on working memory and reading
theories are pregented in chapter 2 with an emphasla on
developnental aspects. Studies of working memory
measures in relation to component reading skills and
reading comprehension are reviewed in chapter 3. The
aimg of the current research and hypotheses are
presented in chapter 4, These are followed by the pilot
atudy, including methods, resuits and discusaion, in
chapter 5, and the methods used in the majin study in
chapter 6. 'The results of the main study are presented
in chapter 7 and discussed in chapter 8.



CHAPTER 2
THEORETICAL BACEKGROUND

2.1 EVOLUTION OF THE WORKING MEMORY CONSTRUCT
2.1.1 Hypothetical precursors

James (1880) described two forms of memory, namely,
primary and secondary memory, which compare with recent
views of short- and long-term memory respectively. The
present~day construct of working memory evolved From
early theories of short-term memory, such as thoze
proposed by Broadbent {1958), Miller (1958), Brown
{19868) and Peterson and Peterson {(1989).

The idea of structural components In short~term momory
was introduced by Broadbent (1958). His model of short-
term - memory ocomprised two subsystems. The "S" system
briefly stored sensory informatieon for processing by
the limited capacity "P" system, This limitation
appearsd to prevent persons from attending to several
sources of sensory input simultanecusly. Miller {1856)
shared tie view of limited processing capacity and had
previously postulated that a maximum of meven plus ox
minua twoe bits or echunks of information could be
goncurrently retailned and processed by adults. Melton
(1968) proposed a direct relationship between +the
number of chunks of information held in short-term
memory and the rate of memory trace decgay. Rehearsal,
or the repetitive articeuwlation of verbal matearial, was
egzential for shori-term retention according to Brown
(1858) and Peoterson and Peterson (1959). They showed
that the prevention of rehearsal, using an interference
technique called articulatory suppression, resulted in



forgetting due to memory trace decay.
2.1.2 More Recent Hypothesesa: Hodal Models

Computer technology and cognitive psychology provided
the analogy of short-term memory acting as a
controlling executive aystem "because ... the processes
darvied out ... 4are under the immediste control of the
subject and govern the flow of information in +the
remory system" [Atkinson & Shiffrin, 1971, p. 82). This
line of +thought culminated in modal models of memory
based on modality specific sensory regilsterz and common
shoert- and long-term stores {(Hitech, 1980}, These models
posited that only information held and processed in the
short~ters store would pess into long~term memory
{Baddeley, 1982). Short-term retention was improved by
control processes including rehearsal, as described by
Brown {1958) and Petermon and Peterson (1959), imading
{the use of visual images to recall verbal material)
and coding (Atkingon & Shiffrin, 1971).

Coding could adopt two forms, Firatly, material could
be altered to facilitate recall by adding eagily
retrievable information, such as mnemonic phrases
(Atkinson & Shiffrin, 1971)., BSecondly, mnaterial from
different senscory input modes could be translated inte
4 form cthat could be stored in short-term memory (Levy,
1971)., Conrad (1964) and Wickelgren (1965, 1966)
provided svidence of coding in short-term memory. Their
analyses of recall error patterns during short-tern
listening tasks roevealed acoustle (sound-related) and
articulatory {(speech related) coding reaspectively.
Murray (1967) found that visually presented material
was coded inte an acoustic form using overt or covert
articulation to ensure compatibility with the acoustic
qualities of short~term memory. Auditorily presented



material wasg already in an acoustic form and,
therefore, did not require coding. Levy {1971)
investigated articulatery and acoustic coding and also
revealed that both acoustio and articulatery codes were
used in short-term memory.

According to modal models, short-term memory was
involved in a variety of cognitive tasks, including
solving problems (Hunter, 1964), comprehending language
(Rumelhart, Lindsay, & Norman, 1972) and long-term
learning {Atkinson & Shiffrin, 1968; Waugh & Norman,
1965), Thus; short-term memory was no longer viewed as
a passive short-teéerm store, but rather as a systenm
actively involved in procesging information during
highar cognitive functiaens.

2.1.3 Criticism of HModal Models

Degpite ocontributing towards an understanding of human
memory, modal models could not explaln certain research
findings (Baddeley, 1988, 1988, 1990; Eysenck, 1988;
Hitech, 1980). For example. according to these models,
tranafer of information into long-term memory was
nediated by the short~term store (Hitch, 1880).
Neuropsychological evidence from brain~injured patients
with memory deficits did not always concur with +this
agpumption. In some brain~ injured patients, long-term
memery was preserved Iin splcve of impaired short-term
memory (Shallice & Warringten, 1970}, In oathers,
however, an intagt short-term memary falled to produce
new, long-term learning {(Milner, 1866),

Research into the assumphions that rehearsal and
prolongaed retention of information in short-term store
resulted in long-tern learning also produced
controversial findinga (Craik & Watkina, 1973; Tulving;



1968), The {findings showed that rehearsal maintained
information in short~term store both with and without
long~term learning taking place. Moreover, the extent
of leng-term learning was not directly proportional to
the length of time information had been held in short-
term memory.

That there were clear~cut differences between ghort~
and long-term memory coding was also questloned. Modal
models suggested that phonological or acoustic codes
were used in short-term memory, and semantic codes, in
long~term memory (Baddeley, 1986, 1990), However,
evidence existed of phonological and semantic coding in
bath short- and long-term memory (Bruce & Crowley,
1970 Shulman, 1870). Visual coding alse occurred in
short-term memory (Kroll, Parks, Parkinson, Bieber, &
Johnson, 1970). With reference to their "levels of
proceasing” memory model, Oraik and Lockhart (1972},
postulated that coding methods depended on the type of
processing task and available resources rather than the
site where coding occcurred, Unfortunately, their model
concentrated on long-term memory and failed to offer an
alternative framewark for a rveviged hypothesis of
short-term/werking memory (Baddeley, 1986).

Although modal models assigned short-term memory “..,
the role of an operational or working memory, the
enpirical evidence for such a view ... {was) remarkably
sparse" (Baddeley & Hitch, 1974, p. 48), Thus, modal
models viewed short-term meaory as a oonduit for
carrying information from sendory memory into long-term
memory. Some regearchers felt %hat thie down-graded
view wes unacceptable, and that a revigsed and nore
comprehensive model ¢f short—term memory was neaessary,
This led Baddeley end Hitch (1974) +to undertake s
detailed investigation of short-~term memory functions.



2.1.4 Towards a Model of Working Memory

Baddeley and Hitch {1974) used an information
proceasing approach to ‘nvestigate short-term memory
and aimed t¢ formulate a working memory - hypothesis.
They tested the postulated "limited capacity" of shorxt-
tersm memory by manipuleting factors that might compete
for storage and procesaging space during reasoning,
comprehensicon and free recall Lasks. They
experimentally manipuleted the capacity of the system
by overloading 1t, by increasing the difficulty in
phonolegioal discrimination and by interfering with
subvocal rehearsal {articulatory suppression). They
found:

i. Preloads of two or more items appeared to have
little effect, whereas sgix items retarded verbal
processing. '

ii. Phonemic gimilarity (referring to similar sounds
in worda) appeared to interfere with phonelogical
coding, resulting in reasoning, comprehension and
free recall errors.

iii, Repeating irrelevant words or random digit
sequences while performing other tasks appeared to
impede verbal processing. This was particularly so
for digits,

In general, the results showed a trade-off between the
gpace required for storage and the processing rate for
concurrent tasks. However, the method of allocation of
this gpace was unclear, Baddeley and Hitch concluded
that & common system or limited capacity "work space"
was responsible for sterage and control processing
functiona. A passive phonemic response buffer and an



active articiulatory component seemed to operate in
conjunction with +this work space. Thig buffer and
articulatory component wers combined to form a
"phonemic rehearsal buffer component' {p, 88). A vigual
short-term memory component was later inkroduced - to
soccommodate evidence of visusal images that lasted
longer than icons (Baddeley, 1976; Phillips & Christie,
1977a, 1977b). |

In addition to the phonemic rehearsel buffer ocomponent
{Baddeley & Hitch, 1974}, further findings indicated =
phonemic store that did not rely on articulation
(Baddeley, 1981; Baddeley & Lewis, 1981). This was
evident when articulatery suppression failed te disrupt
homophone Judgements of visually presented words
{Baddeley & Lewis, 1981). Besner and Davelaar {(1882)
alse reported two phonological codes that responded to
print, one of which was not affected by articulatory
suppression. Baddeley and Lewis (19B1) referred to them
as the "inner voice" and the "immer ear", Thereafter,
Balame and Paddeley (1882) suggested dividing the
phenemic rehesrsal/buffer component into a phonemic
stare and an articulatory component. Vallar and
Baddeley (1984) supported +this suggestion following
thelir assessment of a brain-injured patient with an
auditory verbal short-term memory deficit. They found
distinct phonemic similarity effects (associated with
phonemie coding and retention) in the absence of
significant word length or articulatory suppression
effects (asmoclated with speech or phonological
coding). Therefore, separate components appeared to be
responsible for phonemic- and gpeech/phonological
coding respectively. A model of working memory was
proposed baged on these findings.

ey
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2.2 A MODEL OF WOREING MEMORY

2.2.1 deneral Introduction

Working memory was defined as "..,. a system for the
temporary holding and manipulation of information
during the performance of a range of cognitive tasks
stuch as conprehension, leavning, end reasoning"
(Baddeley, 1986, p. 34), The firsgt working uwemory
medel suggested a central processing unit, the central
executive, which received input from the genses and
controlled or directed activities in two slave systems,
the articulatory loop and vhe visuo-gpatial scratch pad
{Baddeley, 1981), Apart from retention and information-
pProcessing functions, the centra2l executive wes capable
of activating information in, and transferring encoded
information to, long~term memory, This model wae
reviged in accordance with the proposal to divide the
articulatory loop inte two systems (Salame & Baddeley,
1982} bhased on neuropsychological evidence {Vallar &
Baddeley, 1984} as discussed in 2.i.4. The revised
model had three slave systems, the articulatory loop,
the primary acoustic shoprt-te: store and the visuo-
spatial scratch pad. "these slave systems represented
the articulatory component and the phonemic and visual
short-term stores respectively (Baddeley & Hitch, 1974:
Vallar & Baddeley, 1984},

The current model also hag a central executive, but has
reverted to two slave gystems, the phonological loop
and the visuo-spatial sketch pad (Baddeley, 1986, 1990;
Gathercole & Baddeley, 1989, 1950}, The phonological
loop comprises two component=; a phonological short-
term store and an articulatory control process.
Although the names of some of the slave system have
changed, they retain the same functions. This should be
borne in mind when reading literature on working memory

10



as the terminoleogy may vary depending on the author.

Central

Visuo-spatial exne.u.uvn Phonolopical

skotchpnd =" = Joop

- ‘\_—//

FIGURE 2

The Current Model of Working Memoyy. From Baddeley,
A.D, (1990),

2.2.2 The Central Executive

The central executive 1is +the Jlimilted capacilty work

space yproposed by Baddeley and Hitch (1974}, ‘The

structure and way in which it carries out its functions
are gkil) under investigation. However, it appears to
be involved in all activities requiring attention
{Baddeley, 1981, 19%0; Evsenck, 1988). As the word
"executive" suggests, it is invelved In planning,
controlling and carrying out behaviour. These exeoutive
functiong resemble those sttributed to the "supervieory
aciivating system" (SA8) in a model of attention by
Ferman and Shallize (1986). Executive functions are the
rroduce of the frontal lobes acoording to
neuropsychological theories regarding brain structure
and. behaviour relationships (Lezak, 1983), Working
memory (central exeoutive) planning, tracking and self-
monitoring functioens during a visuospatial task have
been found to be significantly poorer in patients with
frontal lobe lesions [Owen, Downes, Sahakisn, Polkey, &
Robbins, 19980}, The possibillty that the central
executive is assoclated with the frontal leobes hasz also

11
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besen rocsad in the light of deficits observed in
Algheimer patients (Baddeley, 1986, 1688, 1990). These
patients have difficulty in tracking and in integrating
two or more cognitive operations when performing tasks.

The central executive is -1so involved in storage and
processing. To this end, it coordinates working memory
operations and the flow of information between itself,
the slave systems and long-term memory (Paddeley, 1988,
1990}. Information-processing tasks in which tha
central executive appears to play an important role
inciude reading comprehension. This is discussed in
2.7,

2.2.3 The Phonological Loop

In Baddeley's most recent model of working memory
(1590}, the phonological loop incerporates an acoustic
storage system, the phonologlesl short-term store or
memory, and an srticulatory component, the articulatory
control process. Input ts the phonological loop accurs
via acoustic images and auditery or subvocal speach.
Both phonemic and phonological coding ocour in this
loop. The rasultant representations are then stored in
tne phenological short~term store. Accarding to
Baddeley, the igsue of whether +the articulatory
component and the phonolagilcal short-term store should
be Been a8 two separate systems or as componenta of a
single system is a "moot point" (Baddeley, 1888, p, 86)
et this stage in his ressarch infto working memory.

{an) The Articulatory Control Process
The articulatory control process ceomprises tha inner
speech component and output buffer responsible for

articulatory coding or rehearsal in short-term memory,
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and phonoleogical coding and subvocalization in reading
{Baddeley, 1980; Baddeley,; Eldridge, & Lewis, 1881). It
works in c¢lose collaboration with +the phonological
short~term store. Auditory memory traces in this store
are refreshed by subvocal rehearsal in the articulatory
control process and then transferred back to the
rhonological short-term store. Visual input may also be
phonologlically encoded, rehearsed and retained in this
way.

The articulatory control process rehearses auditory
information to be processed by the central executive,
thereby CfCacilitating transfer to, and retrieval frem,
long-~* .y (Dempeter, 1881l}. In this context, it
works together with the phonological short-~term store
in contributing to the acauisitiorn and retention of new
words in & person's vocabulary (Baddaley, 1980;
Gathercole, 1990; Gathercole & Baddeley, 1988), It alao
operates during memory span tasks. However, 1its output
capacity ls restricted to the number of gyllables +that
can be articulated during & two-second period
{Baddeley, 1990; Eysenck, 1988), This produces the
word-length effect, whereby one's memory span for short
words 18 greater than that for long words {Baddeley,
1990; Baddeley, Thompsen, & Buchanan, 18976)., Short-term
auditory recall may also be Jimpaired by articulatory
suppression (Baddeley, Lewis, & Vallar, 1984
Christowitz, Doctor, & Saling, 19886),

(b) Phonological Short-term Store

The phonological short-term store or memory acts as an
auditory input register and temporary store for
auditory infoirmation {(Baddeley, 1990; Baddeley, Lewis,
& Vallar, 1984; Hitch, 1980; Vellar & Baddeley, 1984),
It operates by means of an acoustic or phonemic code,
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which is not affected by articulatory suppression. It
seems to be responsible for the recency effect during
free recall tasks whereby the items presented last are
recalled first. Thise effect disappears with time delays
[(Hitch, 19880). Auditory memory traces can be retained
for longer periocda by means of rehearsal in the
articulatory control process.

One of the phonological short-term satore’s most
important functlions appears to be related to spoken and
writton language comprehension (Baddeley & Wilson,

1988), Entire sentences, or parts thereof, are
maintained in this stove during processing. This
iy Jecours with long, syntactically complex

wes that cannot be processed immediately (Vallar
& B -wley, 1984), Impairment of this store following
train injury nmey adversely affect the ability to
understend speech, and to o losser extent, written
language,

2.2.4 The Visuo-Spatial Sketch Pad

Viaucsapatial and -sequential stimulli appear to be
tenporarily retained and manipulated in the visuo-~
spatial sketch pad (Baddeley, 1986, 1990), There is
also evidence of &a passive, visuoperceptual)l input
store, saimilar to the phonological short-term storo.
Eye movements may play a role in refree-ing visual
memory traces similar to that of articulation in the
articulatory control process, This pad may be involved
in the visual memory aspects of reading, such as the
sequential retention of letter strings (Baddeley,
1886},

In sunmary, the ourrent model of working memory
vensigts of the central executive, a phonological loop,
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conprising the artlculatory contrel procesa and
rhonological short~term store, and the visuoe~spatial
sketech pad. A there is ongoing research into the
vworking memory model, the structures and terminology
nay change, However, componants of working memory, in
particular the central executive and the phonclogical
loop, appear to play an active role in reading. This is
distcugzsed in &.86 and 2.7,

2.3 DEVELOPHMENTAL CHANGES IN WORKING MEMORY

Three wviews have been proposed regarding developmental
changes in working memory capeacity. The first suggested
that the number of central executive memory alots
{processing space} increased with age until adulthood
{Huttenlocher & Burke, 1976) when seven plus or minus
two memory slots were avaeilable to asimultaneously
process the same number of bits of informatlion (Miller,
19568). Disparate findings, however, indicated little
change in the number of memory slots per se frem about
five years of age (Chi, 1976} resulting in the second
view. According to this view, wvorking memory
performance did not improve as a result of inoreased
capacity., Instead, the use of more effective central
pxecutive procensing skills or strategies enabled the
¢hild +to handle wmore bits of information at one time
{Porfotti & Lesgold, 1977}, The third view (Case,
Kurlend, & Goldberg, 1982) was between the other tweo
and suggested that efficienecy in using processing
skills developed relative to the amount of attention
required by the processing. The latter was reduced as
processing skills became more automatic (Came, 1880),
thersby increasing storage space and what might be
termed "functional capasity®. '
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Aspects of these developmental views can be applied to
the working memory model. According to Baddeley {(1986),
working memory development could be explained in twe
ways., Firstly, available storage space in the central
executive might increase as the demand for the limited
attentional capacity decreased with more efficient use
of memory strategies or control proceases. Memory
strategies can be defined as, “.vs» cognitive or
behavioural activities that are under the deliberate
control of the subject and are employed to enhance
memory performance" (Nsus & Ornatein, 1983, p. 12).
Rehearsal in the articulatory loep and chunking cen be
regarded as memory strategies.

The other explanation centred on an improvement in the
rate of articulation or sunvecalization associated with
apeach development without specific reference to the
central executive (Baddeley, 1986). From the age of
five years, children appeared to make increasing uss of
covert speech or rehearsal to aid memorization (Conrad,
18%1; Ornstein, Naus, & Liberty, 19756; Torgeson &
Goldman, 1977). However, +the use of this stratepy was
not as spontangous in young children as it was in older
children {(Guttentag, 1985; Harris, 1978; Kail, 1978}.

Older children adopted active rehearsal strategies
compared with paasive strategies in younger children
{Ornstein, Medlin, Stone, & Naus, 1985)., This allowed
them to combine a greater number of memory items
together (Kunzinger, 1985; Ornstein, Nsus,; & Liberty,
1975), thereby increasing their rehearsal set sigzes.
Thereafter, their rehearssel sets contalned more early
list items {primecy effect} at the expense of later
items (recency effect} during memory span tasks,
Daficite in active rehearsal astrategies resulted in
lower primacy effects in learning disabled children
(Bauer, 1977, 1979). Active strategies alone; however,
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might not account for developmental differences in
working memory (Hutteniocher & Burke, 1976}, Changes in
the speed of item identification and phonetic encoding
also appeared to be involved {Lorsbach & Gray, 1986;
Spring, 1976} Spring & Capps, 1874).

Baddeley (1988) postulated that the articulatory
control process in the phonological loop was implicated
in memory 4dpan development for auditorily presented
material, Children’s articulatory skilla appeared to
improve with age due to central nervous system
maturation and/oer practice, The rate of subvoecal
rehearsal was thereby increased, enabling more material
to be held in the phonological short-term store. The
phonological loop alsv appeared to be involvaed in
visual memory development. However, visually presented
material had to be named and the name rehearsed +to
ensure retention (Baddeley, 1986). As stated, the
gspontaneous use of these strategies increased with
development {Guttentag, 1985; Harris, 1978; Kail,
1979).

Thus, the central executive and phonologioal loop
components of working memoyy show develop ~ntal trends
in children. Both these components are involved in
caognitive taaks, including reading. This raises the
gquestion of whether there iz & reciprocal relationship
between working memory and reading development and this
iz discussed after structural and developmental models
of component reading skills are considered,

Z.4 COMPONENT READING SKILLS
2.4.1 Dual-Route Reading Model

Reading requires the integration of visual and verbal
subcomponent skills (Bowers, 1988). In reading, printed
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text is decoded and assimilated with exigting knowledge
to Ppromote ocomprehension., According to Harris and
Coltheart (1986), there are two mental procedures
involved in decoding printed words, mnamely phonics and
whole-word procedures. These are ghown in Figure 3.
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FIGURE 3
A model of lexical and nonlexical reading routes, FProm

Patterpen, K.E., Marshall, J.¢.; and Goltheart, M.
{1986},
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{a) Indirect or Nonlexical Reading Route

The phonics procedure involves the indirect  or
nonlexical reading route utilizing the correapondence
between speech and reading (Friedman & Albert, 1986).
This route enploys letter-sound or grapheme-phonene
correspondence or converaion rules for reading
familiar, regular words in young children, and
unfamiliar, pregular words in older children and adults
(Harris & Coltheart, 1988, Morton & Patterson, 1880}.
Letter strings are segmented into =single letters or
syllables. These are converted into sounds, which are
then blended to form words (Bryant & Goszwami, 1887).
Nonwords can be read in the same way. Meanings can be
accessed only if the wordas are in an individual's
gpoken vocabulary. Words can also be read by analogy to
known words wusing this route (Marcel, 1880}, For
example, the word "HOUSE” can be read if the word
"MOUSE"™ is known simply by subsiituting the initial
letter-sound.

An  important disadveantage of this route is the
inability to read irregular words correctly. For
example, if one applies letter-sound correspondenca
rules when reading <the word "TONGUE"™, it would be
pronounced "TONGEW". As skilled readers seldom
misprohounce familiar irregular words, there is
evidence for a direct or lexical reading route, This
route enables readers to recognize whole words from
their appearance without applying letter~-sound
corraespondence strategies.

(b) Direct or Lexlical Reading Route

The whole-word procedure makes use of a direct or
lexical reading route. During this procedure, printed
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words are compared to wvisual repragentations,; called
lexical entries, in an individual’s mental lexicon
{Coltheart, Davelaar, Jonasson, & Besner, 1877; Harris
& doltheart, 1586). This mental lexicon rezembles an
internsl dictionary. It conteins separate subsystems
for processing phonological, orthographic and semantic
informaetion belonging  to lexical entries, Lexical
accnds is the process whereby a visual word stimulus
activates its semantic representation or meaning in the
pemantic submystem.

Entries sgtured in the lexicon are word specific
{Coltheart, 1985), Therefore, this route is used once
the reader has learned, and can racognize, the direct
ralationship betwesn a string of letters comprising a
word, ite articulation and 1%ta meaning. For exanmple,
the letter string "D © G" is read direotly as "dog" and
interpreted as a four-legged domestic animal that
barks. Thisz route is eszaential for reading irregular
words (Herris & Coltheart, 1986). These words, for
example, "YACHT", do not follow letter-sound
correspondence rulea. The lexical route is also used to
digcriminate between homophones or words with the same
pronunciafions, but different spellings and meenings,
for example, "RED" and YREAD"” (Friedman & Albert,
1985).

Evidence to support the dual-route model has come from
studies of brain-injured patients sxhibiting acquired
dyalexiag affecting one of the reading routes {Funnell,
19837 Pattersen, 1981). In surface dyslexia, the
lexical route is impaired and patiente cannot read
irregulayr words (Harrie & Coltheart, 1988}, 1In
phonological dyslexia, vatients can read familiar words
lexically, but cannot read nonwords using letter-sound
correspondence rules {Funnell, 1933),
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2.4.2 Development of Component Reading Skills
(a) Stages of Dual-Route Reading Development

Unlike learning to talk, reading does not develop
spontaneously (Harris & Coltheart, 1988), Instead, a
child is taught to read during the initial years of
formal education. By that stage, he/she has large
listening and spocken voocabularies {Eilliam, 1984}
corresponding +to the input and output phonclogical
lexicons. Research into reading ascquisition has shown
that childruen use dual-route reading strategies
{Bradley & Bryent, 1983; Harris & Coltheart, 1986;
Stuart & Colthesrt, 1988) and, they are incorporated in
most reading instruction programmes (Beech, 1987),

Some recent models propose that reading develops in a
geries of stages (Stuart & Coltheart, 1988) in which
words are read via either the nonlexical or lexical
routes. These include models by Frith (1985), Seymour
and MacGregor {1984) and Harris and Coltheart (1886).
Frith and Seymour and MacGregor classified reading
development into three stages, whereas Harria and
Coltheart described four stages. These models are
illustrated in Figuxre 4,

REAOTHG ROUTE . Lexical i Nonlaxioal ; Laxioal
READING STRATEGY !Viaual Feature Analypis  Phonologiunl Coding!Orthographis Coding
MOUBL 1 :
Harrie ¢ Coltheart | Sight- (Disorimination-t Phopological- | Orthographiq
! Vocn.bularyi Ret : Recoding ‘. Stage
Stage Stage : Stage :
Frith ! Legographic ' Alphabetic : orthographic
' Stage { Stage ' Stage
Hsypour & uaceregor[ Laogographic ) Alphabetic i Orthographic
Btage ' Stage : Stage
FIGURE 4

Stage models of Reading Development.
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(1) Logographic Stages

A precursor to lexicsl reading.involves logegraphic or
vianal feature analyris. Logographic word recognition
iz based on a few visual cues and relies on vigual
eemory {Seymour, 1987}, Phonology and promunciation are
recalled only after the word has been recognized.
Single, unfamiliar words are not attempted and
gontextual cues are used to identify unfamiliar words
in gentences.

Harris and Coltheart (1988) proposed twe logographic
reading stages; +the first of which is the sight-
vocabulary stage. This stage lasts until about five
years of age during which time & child cen read a small
number of words directly. These words are acquired
either spontaneously, such as brand names like Coca
Cola, or by whole-word teaching methods. The s=econd
stage 1is the diserimination-net stage, whichk cocurs
during the first months of formal reading tuition and
corregponds to an increase in reading vocabulary.
During this stage, & child reads by means of partiel
visual cues, such &as word - length and individual
letters. Therefore, he/she may incorrectly identify all
laony ords as "television" because it is the only long
wo.d he/she knowa. Frith (1985) and Seymour and
MacGregor (1884) proposed only one early reading stage,
Lhe logographic stage. This stage incorporates the
visual feature rteading strategiss described in both
sight~vocabulary and diserimination-ret stages.

(ii) Phonological Coding Stage
Development of phonological skills seems to follow a
pattern (Bryant & Goswami, 1987). At an early ade,

children understand the concept of rhyme or asimilar
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sonding syllables in words, which enables preschool
children to play rhyming word games (Stuart, 1987},
Thereafter, they Jlearn to gseparate words intc the
initial consonant or conscnant clusters, called the
"onset", and the remaining vowels plus Tinal consonant,
called the "rime" (Bryant & Gosweaml, 1987, Treiman,
1985, 1987), The ability to analiyse and segment a word
inte all its component sounds or phonemes appgars later
whan children learn the rules govarning the
correspondence between these sgsounds and alphabetic
letters. The grapheme~phoneme correspondence rules are
scquired during the early years of schooling, otherwise
referred to as the phonological-recoding stege by
Barris and Coltheart (1886) and the alpbabebic stage by
Frith (19%5) and Seymour and MacGregor (1984)., During
this stage, c¢hildren use the indireot or nonlexical
reading route.

Grapheme-phoneme correspondence knowladge, however, may
not be gufficient for word reading (Lieberman,
Shankweiler, Fischer, & Carter (1874}, Children must
attain a conzclous level of phonemic awarenessz, This
implies mastery of higher phonological akills,
including sequential decodiag strategies and the
mapring of segmented phonemes onte the pronuncistion of
a word (Catalde & Ellis, 1988). Qtherwise, a series of
" phoneties would be pronounced as a meaningless aound
string. For example, "CAT" would be read as "CUHATUR",
Further development in phonological coeding skills
allows children to read nonwords (Catalde & Ellis,
1988).

(iii} Orthographic Stage

The lexical reading route develops orthographically
{Seymour, 1987}. This involves reading whole words by
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recognizing letters in a specific sequence according to
spelling rules (Harris & Coltheart, 19868). Visual
repréesentations of words stored in the lexicon enable
this direct word recognition,

The orthographic stage (Frith, 198563 Herris &
Coltheart, 19888; Stuart & MacGregor, 1984) gradually
replaces phonological coding for reading familiar words
from about eignﬁ to ten years of age. By then, a child
can visually identify familiar, whole regular and
irregular words direckly from the way in which they are
spalt. This increases reading speed and heralds ",., a
bypass of phonological recoding in favour of visually
mediated acoess" (MeCusker, Hillinger, & Bias, 1881, p,
235). The number of words that can be recognized
direatly increases with the development of a child's
word~specific knowledge.

{b) An Alternative to Reading Stage Models

Aceording to Stuart and Qoltheart (1988), stage models
of reading development are inaccurate in assuming that
",v+ all children pass through the same stages in the
same order" {(p, 149). They performed a longitudinsl.
gtudy of phonoleoglcal and letter~sound knowledge on
children before and during initial reading tuition.
Thedir results showed +hat these c¢hildren who could
sequentially gegment words inte phonemes (phonemie
segnentation) and who knew letter soundsg started
reading at the alphabetic or phonolegical-recoding
atage rather than at the visually ovriented legographis
or discriminativn~net stage. Only shildren whe had not
developgd phonological skills initially made use of
visual nemory akills when learning to read.
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Thus, reading i a complex aklll involving both
nonlexical and lexical ocomponent strategies., These
strategies appear to develop in stages, although the
stages may net be identical for all children, As
mentioned before, working memory appears to be involved
in reading. 1In the folluwing sertion, the role played
by working memory in the comw . wt reading strategies
or skills will be discussed.

2.5 WORKI"§ MEMORY IN COMPONENT READING SKILLS

The phonelogical loop may be involved in reading during
the alphabetic (Frith, 1985; Seymour & MacGregor, 1884)
cr phonological-recoding (Harris & Coltheart, 1988)
stage when children 4dcquire and use latter-sound
correspondence  knowledge to read unfamiliar words
{Gathercole, 1980}, The articulatory contrel process
nay be the site where visually presented letter strings
are phonologically recoded (Baddeléy, Vallar, & Wilson,
1987)., Each resultant phoneme is articulated in the
articulatory control provess and temporarily stored in
the phonologlceal short-term sftore waile subsequent
lettery are belng recoded., These phonemes are then
blended into words {Baddeley, 1986, Wagner, 1988),

Thig early stage of reading occurs when most words are
unfamiliar and phonolegical coding 4is important for
laxiecal ancess and reading comprehensicen (Daneman,
1987}, It may alse contribute +towards long-termn
learning of phoneme~grapheme ocorrespondences {Ellis,
1990¢ Gathercole, 1990). Daneman (1987) postulated that
although the phonclogical loop may not be involved in
everyday fluent reading, adulte ailzno use phonological
coding "... for identifylng unfamiliar or new words"
{p. 68}).
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In addition to inefficient phonological coding, poor
inmediate phonological memory may also impair reading.
Brady {1588) found these disabilities +to  Dbe
inteprelated in children who were poor readers. Their
inefficient coding redouced available short-term memory
capacity. Gathercole and Baddeley (18%0) reported
gimilar findings when comparing language disordered
children with controls matched for verbal and nonverbal
abilities. Development of phonclogliecal coding skills in
the gubject group was comparable +t¢ tliose of the
vounger verbal contrelis. However, they performad
slgnificantly poorer than both contreol groups on list-
learning tesks, and Gathercole and Baddeley (1890)
postulated a melective phonologicdal short~term memory
deficit in these language-disordered children. A
longitudinal study of childrer with specific reading
digabilities indicated phonol. tical diserimination and
processiog difficulties, and auditory digit, and word
and gentence gpan deficits (Ellis & Large, 1987).

The phonological loop, therefore, appears to play an
active role in reading, perticularly during the
phonologioal recoding gstage when grapheme«phoneme
strategies are used to decode printed words. However,
most interest in +the relationshlp between working
memory and reading has been focussd on domprehension.
Models of reading comprehenslon are generally based 6n
studies of mature readers and are not concerned with
developmental issues. However; the model of resding
comprehengion invelving working memory, presented in
the next section, has been used to investigate reading
comprehension in children from & developmental
perspective in previous studies, Resading comprehension
development is discussed after the nmodel has been
presented,
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2.6 WORKING MEMORY IN READING COMPREHENSIOM
2.6,1 General Overview

Written material is processed at word, sentence and
text levels during comprehension (Colley, 1887)., These
processes ilnclude decoding and lexical access (word),
gegmentation, semantic and syntactical analyses and
interpretation {sentence) and integrating sentences,
recogniging and classifying the topic and activating
relevant long-term knowledge (text} (Haberlandt &
Gragsser, 1985}, Words Iin sentences are related to
other information from preceding passeges in the text
an well as to 8 general frame of reference (Carpenter &
Just, 1977).

Most information procesging models of rerding
comprehensgion (Bloom, Fletcher, van den Broek, Raiim, &
Shapiro, 1990; Fletcher & Bloom, 1988; Kintsch & van
Dijk, 1998; Just & Carpenter, 1880, 198%; van Dijk &
Kintach, 1983) share common features, They describe
underlying reading provesses as well asa how information
and knowledge are represented. A mental representation
of acquired knowledge is cealled & schema (Jusat &
Carpenter, 1987), which is & framework comsisting of
discrete slots containing relevant information. Thare
are slots for each structural component of a story, for
example, the setting, plot, and resoclution, They act as
Filing systems and allow for +the opdgenlization of
material during reading of the story, 4 schema also
relates to other schemata in long-term memory.

Linguistic and conceptual information bRl Lo
repregsentad in unita called propositions {¢ #uv &
Carpenter, 1987). A proposition consists of a predicate
and one or more concepts called arguments (Kintsch, W,,
Kosminaky, Streby, McKoon, & Keenan, 1976; Kintsch, W.
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& van Dijk, 1978), Arguments comprize nouns and
Pronouns. Predicates are verba, adverbs, adjectives
and conjunctlons and denote properties of, or relations
between, arguments.

The W, Kintsgch and van Dijk model (1978} is an
information processing medel of reading comprehension
involving working memory, It uses achema~ and text-
based approachéa Lo discourse structure and
comprehension. This model is widely uszed as a basias for
understanding the role played by working memory in
reading comprehension in both adi ‘ts and children,

2.6.2 A Working Memory Model of Reading Comprohension
by W. Kintsch and Van Dijk

The W. Kintdch and van Dijk model (1978}, revised by
van Dijk and W. Kintasch (1983), describes text
comprehension as ",.., a ayelical prosess constrained by
the limitations of working memory"” {p. 363, 1978). This
model, i1llustrated in VFigure &, adapts a parallel
processing framework whereby reading Iis seen a8 an
interactive process within the context of a schema as
explained before. The =schema refers to expectations
regarding the structure of a story (Kintach, W., 1877).
Readers formulate the semantic structuvre of reading
material according +to their schema prior to attaining
comprehension, Semanti¢ structure includes a mioro- and
macrostructure, which a.+ linked by semantic mapping
rules oy macrorules. The micrastructure consista of
propositjons or semantic units in a text c¢alled the
text basge. The macrostructure or giast refers to high~
lavel relationships between propositions am well as
inferences made about these relationships (Kintseh, W,

& van Dijk, 1978; van Dijk, 1977:; wvan Dijk & Kintsch,

W., 1883).
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FIGURE §
The W. Kintsch and van Dijk Model of Processing Stages
in Comprehension. From Kintsch, W, (1977).

Both micro- and wmacrostructurca are composed during
simultanecus information processing oycles and storage
in working memory. The sequence of operations involved
in comprehensicon, both top~down (schematic) and bottom-~
up {from cues in the text), are illustrated in Figure §
and are self-explantery. At the microstructure level,
activated semantic representations of words are held in
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working memory and then  grouped {chunked)} into
meaningful propositions. These propositions are then
arranged in a coherent, hierarchical asequence, which
forms the text base. Certain wertinent propositions are
selected from earlier text material and held in the
working memory buffer. Their purpose 13 to connect
incoming chunks of text with already processed material
1f there are overlapping or common argumenta, When
commenelities obcur, the incoming text is consldered
coherent with the text base, and iz retained in long-
term memory for integration at macrostructure level to
form the gist, Irrelevant pror.siti e are deleted and
replaced by inferred propositions consist..at with the
schema.

A reader is, therefore; continually comparing incoming
material with the seleated, newly processgsed
propogitions, that are satored in the buffer to
-establish asgociations with previously processed
reading material. Any proposition may be p-ocessed more
than once, thereby incressing the likelihosd of recall.
Individual differences in text processing are due to
huffer capacity, speed of processing and the complexity
of the text (Kintsch, W. & wvan Dijk, 1978; van Dijk,
1977; van Dijk & Kintsch, W., 1983), Tn addition, prior
knowledge of, or famillapity with, material in texta
facllitates chunking and sinultaneous processing of
greater amounts of infermation,

The Kintsech and ven Dijk model refers directly to the
limited storage and simultancous processing functiona
of working memory. Evidenoe supporting this model was
obtained by manipvlating text sbtructures, such as the
number of arguments in propositions and the number, and
length, of propositions, and recerding the changes in
text reading rate ard recall (Kintsch, ¥W. & Keenan,
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1973; Kintsch, W. ot al., 1976; Manelis & Yekovich,
191683 McKeoon, 1977), The results showed firstly, that
rrocessing time for propositions depended on the length
of the text, The longer the text and the more numerous
the propositions, the greater the time required for
integrating those propositions, Secondly, in texts with
identical numbers of words and proyositlons, those with
gevaral arguments in the prorositions teok longer to
read and were harder to recall than those with fewer
arguments. The more numerous arguments, which contained
important content information, probably reguired more
stoerage capacity in working memory, +thus reducing
procesging capacity.

Theze studles refer to research results based on adult
subjects. A selection of studies using the W, Kinteoh
and +van Dijk model in the investigation of the
development of reading comprehension in children is
discussed in the next section.

2.6.3 Development of Reading Comprehension

The organization of story material for reading and
listening comprehension purposes depends on available
schemata, —according to the W. Kintach end van Dijk
(1978, 1983) model. Although schemata were thoupht to
be present primarily in older children, there in
evidence of schematic micro- and macrostructural
processing, both oceurring in working memory, in young
children, W. Kintsch (1877} found that 4-year-olds
could organize random and sequentially ordered pictures
into stories according to schesmata. These children alse
inferred relevant propesitions from the storles as a
whole at the microstructure level, Furthesrmore; only
relevant detalls were included for gist {nacro-
atrugture) recall. Thus, prereaders use both micro- and
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macrostructural processes when listening toe stories.
Nevertheless, differences in working memory processaing
and storage capacity were found to contribute towards
differences in listening comprehension in prereaders
(Daneman & Blennerhassett, 1984),

Severdl ntudies have showed differences between reading
nrmprehengsion in beginner and more experienced readers
{Keenan & Brown; 1984), The differences were generally
ascribed to developmental changss and improvement in
decoding akillls (lLomax, 1983). Although these skills
contribute towards fluent reading, qualitative
developmental changes in the comprehension process per
ge have not been noted (Keenan & Brown, 1984). Keenan
and Brown (1984) replicated some of the work done by W,
Kintsch and Eeenan (1973}, W. XAinitsch et al {1975},
Manelis and Yekovich (1876) and MHcKoon (1877) (sae
2.7.2) in thi.d~ and fifth-grade readers. They measured
reading times and recall after manipulating the number
of arguments in propositions and the number and
position of propositions in texts. Their findings are
important for understanding reading comprshension
development in children.

Firstly, they postulated that gquantitative differences
in reading times between third- and fifth-grade readers
repregsentéd differences in the time taken to decode
print and analyse syntax., DRecoding and syntactical
analyses relate directly to functiong performed in the
phonological loop, According to Baddeley, Vallar, and
Wilson (1987), decoding can be attributed to the
articulatory control process, whereas the phonolegical
short-term store ocontributes towards syntactioal
analysis., This store "... acts asg & ‘mnemonic window’,
holding sequences of incoming discourse, and allowing
the components of such sequences to be procsased and
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interrelated" (p. 6528 - G27T). The number of items or
chunk size retained in the window 41is important for
syntactical analysis. The more complex a sentence is
syntactically, the more material has %o be stored
simultaneously' for the senl.=ces to be syntactically
analysed and understood. Of relevance to working memory
development is that younger children may be restricted
in the number of items ‘they can retain in order to
analyge syntax,

Secondly, there were no differenced in the way third-
and fifth-grade readers constructed semantic meaning
from text or in the ferarchical connections between
these esemantic units (microstructural processing).
Reading times increased in both groups as the number of
propositions per sentencs lncreased, and recall of a
proposition was contingent on its pomition in the
hierarehy for both subject groups., Keenan and Brown
{1984) concluded that children of varicus ages extraoct
meaning from text in a similar way. This may be due to
the fact that all children hive considerable experience
in oral language or listening comprehension before
learning to read, and that listening comprehension
correlates significantly with reading comprehension
{Daneman &% Blennerhassett, 1984} Palmer, MaclLeod, Hunt,
& Davidson, 1985)., However, when comparing quantitative
reading and listening comprehension results in younder
and older children, reading c¢omprehension may lag
behind listening comprehension in the younger children
{Durrell & Hayes, 1970).

Thirdly, there may be differences in macroatructural
processing, that is "... in inferencing, deneralizing
and integrating the presented text with existing
knowledge structures” (Keenan & Brown, 1984, p, 1568).
There is evidence of developmental  trendz in
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macrostructural proceessgsing (E. Kintech, 1988). Older
children are better able to make inferences from text
and this improves comprehension and subsiequent recall
(Paris & Upton, 1976), Furthermore, ochildren wiih
developmental reading disabilities have  greatar
difficulty making inferences than age-matched normal
readers (Qakhill, 1984). These developmentatr Ltrends may
be ascribed to increased proficiencey in lower~level
processes, ouch as decoding and syntactical analysis.

Thig lowers the demend on the limited working nmemory

capacity for these functions, and makes mcre space
avallable for higher-level processing (Perfetti, 1986).
The higher-level processing functions resemble those
performed by the central executive in working memory.
This raises the possibility that macrostructural
processes gocuyr in the central executive, Reseurch into
the role played by the central executive in reading
comprehension in children supported the hypothesis of a
single, central processer (Yuill, 9akhill, & Parkin,
1989). BHowever, #tudies using adult zubjeots have led
Daneman (1987} and Daneran and Taprdif (1987) to
postulate the presence of two separate processors;, &
verbal/symbolic processor and a spatial procassor.
These studies are presented in chapter 3.

In a later study, Keenan (1986) compared the abiiity of

- fourth- and sixth-grade readers to recall paragraphs

contalning few and many different arguments. In
general, +the younger children had difficulty recalling
the many-argument paragraphs, although there were no
significant differences betwesn +them and the older
children in terms of procesging time, lexical access
and structure of text representation. Keenan postulated
that these difficulties were the result of
developmental differences in working memory ocapacity,
which adversely affected the accessibllity of text
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microstructure for recall,

2.7 CONCLUSIONS

The working me' ry medel (Baddeley & Hitch, 1974;
Baddeley, 1390) has stimulsted considerable interest in
the role played by various working memory components in
the development of language skills, espacially
component reading skills and reading <omprehenaion., The
phonelogical loop, consisting of the articulatory
contro) ©Pprocess and the phonclogical short-term store,
may be responsible for decoding and storage during
nonlexicel reading. The phonological short-~term store
mey also he involved in the sequential storage of
digcourse necessary for listening and reading
comprahengion. The latter appears to occur during both
nonloxical and lexical reading. Functions verformed hy
the phonological loop, therefore, appear Lo correspond
te the microstructural processes referred to in the W,
Kintsch and van Dijk (1878, 1983) model ef reading
comprehension.

Although macrostructural procetdses resemble functions
ascribad to the central executive 1in the model uof
working memory {Baddeley, 1986; 1980}, Baddeley has not
yalt explained exacily how the zentral executive might
be involved in reading. Apart from the study conducted
by Baddeley, Logie, Nimmo-Smith, and Brereton (1988),
nene of his recent work on vorking memery in reading
involves the central sexecutive, Instead, he has
concentrated on the phonological loopy posaibly because
its functions are more amenable to testing.

The meodels and develom ntal thearios of working memory
and reading presented 1inm this chaptur form the

theoretical background for the studios presented in
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chapter 3, In chapter 8, methods of measuring working
memory are discussed in relstion to measures of
component reading skille and reading comprehension,
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CHAPTER 3
WORKING MEMORY MEASUREMENT IN RELATION TO READING

3.1 INTRODUCTION

There have been evolutionary changes in the meagurement
of working memory resulting from hypotheses and modeis
agsaociating it with reading. The changes have occurred
largely in response to the need for improved measures
for wuse in reading researchy, as many traditional
Beagsures proved unaatisfactory, Traditicnal and
improved working memory measures are pregentaed below,

3.2 TRADITIONAL MEASURES OF WORKING MENORY
3.2.1 The bigit Span Test

Ever since Miller (1856) postulated that adults could
retain seven plus or minua two chunks of information in
short~tarm memory, the digit span test has been used as
& measure of short-term/working memory capacity., It is
ineluded in most memory batteries, for oxample, the
Wechsler Memory Scale (Wechmler & Stone, 1946), and
entails the Iimmediate sequential recall of aseries of
random digits presented verbally. The number of digits
presented on oach trial increases from three te nine,
and the test is discontinued when the testee feila to
recall their correct sequence., Most normal adults can
recall scoven digits correctly.

The digit span teat also ferms part of children’s
intelligence tests, such as the Wechsler Inielligence
Scale for Chuldrea - Revised (Wechsler, 1974}. The
number of digits recalled correctly by children
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generally increases with advancing chronological age,
probably as a result of development in item recognition
and encoding (Huttenlocher & Burke, 1974)., The
relationship between performance on the digit span test
and reading is discussed below,

3.2.2 Reading Retardation and Digit Span

Several esarly studies reported that retarded readers
performed peoorly on the digit span test compared to
normal readers (Kopitz, 197H6; Rugel, 1974; Sprind,
1976}, Elljis (1979); however, found that certain
retarded readers showed no memory span deficit. Results
of & study comparing groups ¢f retarded readers with a
normal digit span to groups with a poor digit span
imaplicated the retrieval of gpeciflc wverbal coding
information in Jlong~term memory (Torgesen & Houck,
1980). A more recent study by Bowers, Steffy, and Tate
(1988} showed a relationship between digit span and
word attack skills in normal and disabled 8- to 11-
vear-old readerr, The word attack test involved
phaonclogical decading of nonwords, and competent
performance required the sequential retention of letter
and syllable sounds for blending purpeses.

Thus, there are conflicting results from atudies
comparing digit span and reading retardation (Perfetti
&% Lesgold, 1977}. A possible reason for this may be
that the digit span test measurea severasl ether
cognitive components apart from short~term store. Thes.
are attention, sequencing, number skills, mnemonic
strategies and item identification speed {Mishra,
Ferguson, & King, 198§).
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3.2.3 Other Traditional Span Teets

Talley (1986) warned against using digit span as z sBole
measure of ghort-term memory. He found that the Rey
Auditory Verbal Learning Test (Rey, 1964} was =&
auperior measure of verbal memory encoding. This test
neasures a testee's immadiate word gpan and learning
curve for lists of common nouns. It may, therefore, be
2 more specific measure of the +type of phonocloegical
coding used in reading because of the linguistic nature
of the test material.

Memory span tests involving words and the counting of
dote were used to investvigate differences in short-term
memory capacity between young children and adults
(Caze, Kurland & Goldberg, 1982}, The dot counting span
test resembles a digit span test. Children aged 6 to 12
years were asked to gount and remewber the number of
green target dots on cards;, whlle ignoring yellow
digstractor dota. The cards were presented in sets of
one to eight cards., The children had to remember the
number of dots n each card in & set in the correct
gequence. The pro. Jare¢ invelved a counting speed and
gspan tests during which the children were allowed to
count at their own pace. Their performance was compared
with that of adults on the same test. However, the
adult subjects had to count in nonsense numbers, for
example, ".,. rap slif dek ..." (p. 399). There was no
signifi~ant difference betwesen the subject groups when
counting speed {operational or functional efficiency)
was conirolled, Case, HKurland, and Goldberg (1582)
concluded that children's memory span increases as o
result of operational efficiency, although mnemonic
strategies, like rehearsal, may contribute. The dot
counting span is conaidered to be a wneasure of
nonlinguistie working memory capacity, particularly in
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children (Baddeley, Logie, Nimmo-Smith, & Brereton,
1986},

As more information on the role of working memory in
reading became available (Baddeley, 1984; Baddeley,
Elridge, & Lewis, 1981), the interaction betwean
gspecific working memory functions and reading began to
be considered, Because many traditional tests of
short-term or working memory capacity, such as the
digit and word spens, appeared to be unreliable
correlates of reading comprehension, it bacame
neceagary to find working memory  measures that
rertained directly to readingd.

3.3 TOWARDS IMPROVED TESTS OF WORKING MEMORY SPAN IN
RELATION TO READING
3.3.1 Development of a Working Memory Span Test

Traditionhal measures of working memory storage capacity
correlate weakly with reading comprehension (Perfetti &
Lesgold, 1977), possibly because they do not involve

linguistic processing (Jorm, 1983). Daneman and
Carpenter {1980) suggested, therefore, that individual
differences in working memory storage capacity alone
could not expiain differences in reading comprehension.
Ingtead, they postulated that working memory processing
functionae, as well as storage capacity, were inve.ved.
This combination o¢f processing functions und storage
capacity was referred to as working memory functional
capacity by Baddeley (1986, 1990} and Baddeley and
Hiteh (1974). In reading, like other cognitive
functions, there is a trade-off between processing and
storage, If text processing was poor during reading, it
would reduce avallable sterage  capacity, thereby
adversely affecting comprehension. Thus, there was a
need to develop workiug memory tests for use in reading
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riaarch that tapped functional capaci'y.
3.3.2 The Reading Span Test

In response to this n od, Daneman and Carpenter {18580)
developed a reading span tesat to investigate working
memory in reading comprehension in adults., This  test
~losely oapproximated normal reading and, therefore,
made use of linguistic processing. Furthermore, it
demonstrated working memory functional capacity by
reflecling the trade-off{ between storage (retaining the
final words in each sentence} and processing functions
(reading and comprehending sentences) (Danoman, 1982).
Their subjects read sentences conblaining 13 to 16
words., The seantences were prosented in sety of two to
8ix, and the number of sentances increased
progreossively. After cach set, Lhey had to recall the
last word in each sentence in the correct order. Other
tests adminisftered inecluded reading comprehension and
word span teats. The reading span tfeat correlated
gignificantly (r=,59, p<.01) with the measure of
reading comprehension in this experiment. The word span
Leal, which did "ot require text processing, Jdid noi

correlale with comprehension,

A rsecond experiment wasg carried oul using listening as
well as oral nnd silent reading versions of the reading
span test. Again, Lhe subjeets had to read or listen to
gots of gfentences., They then had Lo Jjudye whether Lhe
sentences were true or false Lo ensure that they had
processed Lthem, and Lo recall the last word in each
sentence. A8 in the provious experiment., the listening
{r=.63, pa0l) aWd oral {i=, 08, pdaOl) amd silent
{r=.49, <01} roading span reaults eorrelated
significantly with reading comprehensiion.  Daneman  and
Garpenter (1880) concluded thal individual difforences
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in reading and listening comprehension could be
assessed using working memory span tests that tapped
both the processing and storage functions,

Many subsequent studies examining the role of working
memory in A variety of reading tasks have appeared
bagsed on Lhis approach, Masson & Miller (1983) extended
the Daneman and Carpenter {1380} study. They compared a
reading span Lest with the abilily Lo integrate textual
information and make inferences (read between the
lines} from other nontextual information. Passages
adapted from Walker and Meyer (1980) were used. Other
tests administered included reading compirehension and
letter apan tests, They obtained correlations (r=.53,
ps.01) hetweon the reading span and reading
comprehension tesls gimilar to those obtained by
Daneman and Carpenter (1980). There was also a
sighiflcant correlation {r=.53, p<.01) belween +the
reading span and inferential test results. It appeared,
therefore, that high-level textual processing wasn
related Lo the working memory span. This conclugion was
further supported by the absence of a relationshio
betweenr letter s#pan, a working memory capacliy lest,
and reading comprehension or reading span. Again, these
resul tas suggest that the reading span Lest measures
more Lhan working memory capacity. Tis relationshinp to
inferencing ability could ind’'cate macrostructural
proceasing  according Lo the W, Kintsch and van Dijk
(1978, 1983%) made of reading comprehension,

3.3,3 The Working Memory Span Test

Baddeley, Logie, Nimuwo-Smilh, and Rreveton (1985) found
thal the complexily of the Dancman and Carpenter {1980)
readinge  span  test was  bolh .., A strength  and

weakness"  (p,  t120), They velieved thal, although 1L
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tapped various working memory functions, the complexity
of this test complicated the interpretation of results.
Consequently, Lhey decided to simplify the reading span
test. They developed a simplified working mewory span
test and used two experiments to investigate the role
of working memory in fluenl reading in adults. In
addition to this test, they included other measures of
language and reading abilities, such as letter matching
{Jackson & McClelland, 1979; Posner & Mitchell, 1967},
lexical decision, vocabulary and reading comprehension,

Their working memory span Lest wag also designad to
measure storage and pracessing functions, It comprised
short sentences centaining a person as & subject, a
varb and an object., Hall of the sentences were sensible
and half, absurd. Thus, in terms of sentence atricture,
anch proposition contained twoe arguments and one
predicate. The subjeckts were asked to listen to sets
compriging 1iwo, three or four sentences and this
progressively increased the number of arguments to be
nrucessed and retained in working memory. There were
four trisla for each set. After the presentation of a
centence, the suhjects had Lo indicate on an answer
sheel whether the sentence made sense or aot. Tiay were
then cued to recnll either Lhe object or subject in
cach senfence in Lhe set in Lhe correct order.

Letter matching was tested in two ways, Firstly, the
subjects had Lo compare 80 pairs of upper or Jowor case
letters, for example, "AA, bb, ab or AB" (p. 122) and
indicate whether they were lidenlLical or differcont on an
anewer sheet. Secondly, they were given "YES" and "NO"
questions and asked to produce relevant combinations of
letters in  r ponse. Ilor example, "YES" could be
answered "Aa" or "BR" and "NO", "Ab" or "@a" (Posner &
MilLohell, 10687).
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The lexical decision Lest comprised 100 words and 100
nonwords of one syllable. The word length varied
between three to six letters. Half of Lihe nonworda were
pseudochomophones and half were nonpseudohomophones.
Pseudohomophones sound like real words, but are spelt
incorrectly, for example, 'frute’. The nonpseudo-
homophonic nonwords were matched Tor visual similarity
Lo a pseudohomophone by allering one letier, for
example, ‘fruke’. In each case, the subjects were ashked
to Judge whether a word was real or not, Practice lists
containing 16 words and 16 pseudohomophones er
nonpseudohomophones were given before the test lists of
25 words and 25 pseudohomophones or nonpscudo-
homophones. Subjects were allowed 20 seconds to
complete each test list.

Reading comprehension was measured using the Nelson-
Denny Reading Test. The subjects were given 15 minutes
to answer as many multiple choice questions as possible
after reading a series ol passages. Baddeley et al.
{(1985) used the Mill Hill Vocabulary Test Lo assess
basie verbal kills, regquiring the subjects to select

the correct sy ionym for a woyd from six allernalives.

Significant correlatlons were found between reading
comprehension and lexiecal decislon (r=.51, p<.001),
working memory (r=.46, p<.001), lotter malching {(r=.40,
p<.01}) and vocabulary {(r=.33, p<.01) in that order,
Stepwise regregsion analyses were carried oul with
reading comprechension as the dependont. variable.
Although the percentage of wvariance accounted for by
the independent variahles depended on the ovdar in
which they wore entered inta the regression cquation,
working memory span, lexical decision and vocabulary
weTre all gignificanl predictors of ronding
comprehension, In  addition Lo hasie verbal =skills
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(vocabulary) and the ability to access information from
the lexicon (lexical decision), reading comprehension
appeared Yo invelve the simultanecus storage and
processing of reading material in working memory.
Baddeley et al, (1985) concluded that the working
memory span test was a "... promising predictor of
fluent reading" (p. 128).

A second experiment was conducted to assess whether
reading comprehension relied on a general or language
baged working memory system., Reading comprehensicn was
compared with vocabulary and working memory span, all
of which involved language processing, and alsoe with
the dot counting span test {Case, Kurland, & Goldberg,
1982), a nonlinpuistic measure of working memory
stousnge and processing functions, Vocabulary and
working memory span were the best predictors of reading
comprechension. Although there was an correlation
(r=.43, p<.001) bektween the two working memory
measures, dot counting span test scores correlated
weakly with reading comprchension (r=.29, p<,001) when
compared with correlations bhelween the latter and the
working memory span Lest. Baddeley et al., {(1985)
pogtulaled that this might indicale the presence of a
specific language processor meastured by the working
nemoery  span wast that cenlributes to reading
cemprehension rather than a general,; central oxecutive
processor measured by the dol ¢ounting test. Ilowever,
these auLthors [felt  thal more spe fic working memory
measures would be needed to Lesl Lhis postulate. These
igsues were addregssed by obthees and studies are

discuased in secllion 3.4,

Dixon, Lelevre, and Twilley (1988) tegted normal adult
readers using Lthe samc reading comprehension,

vocabulary, reading span and lexieal decision tesls ay
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Baddeley et al. (1985). They added infercnce, number-
of-meanings, digit span and word-recall tests. During
the inference test, +the subjects read Lwo passapges and
after each passage, answered six questions using ...
world knowledge to make plausible inferences about the
motivations and actions in the story” {Dixon, LeFevre,
& Twilley, 1988, p. 467). The subjecis read 50
gsentencesr one at a time in the number-of-meanings test
to decide whether a sentence had one or twoe meanings.
The digits were presented in gets of 4 to 10 random
digit.s by means of a tape recorder. After listening to
cach sct, the subjects had to write down the digits in
the order of presentation. A tape recorder was also
used to prescont the monosyllablic words, which were
randomly arranged in s:.8 of 3 Lo 8 words in length.
After listening to each act, the subhjects had "o write

down the second lag! word.

The results showed signilicant correlationa between
readinz comprehension and t.he number-of-meanings
(r=.31, p<.06)}, vozabulary (r=.54, p<.06}, lexleal
decision (r=.,37, p<.0b), and reading span tests {(r=,39,
p<.08), Reading span also correlated with t.he
inferences (r=.28, p<.05), number~of-meanings {r=.27,
p<.08), vocabulary {r=.27, p<.08}, and lexical dacision
(r=.26, p<.0O)Y tests. Digil. span and word-recall
correlated with reading sgpan, but ne% with reading
comprehension, The number-of-meanings, voacabularvy and
reading span lLests were gignificant prediccors of
reading  comprehension. Thesr rogression analyses
resulis resembled Lhose of DBaddeley et al., (1885},
llowever, +the lexical decision test did not coantribute
any slgnificanl variance in  Lhe regression equation
using reading comprehension as the dependent  variable,
Dixon, LoeFevre, and Twilley (18988) concluded tLhat

rending comprehension wan a mullifacotad skill  thal
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could not be measured by a single test. Furthermore,
reading span related to componenly reading processes,
auch as word knowledge, speed of lexical access and
text processing in addition to working memory.

In adults, therefore, working memory span tests appear
te correlate with,  and predict, reading comprehengion.
They alse correlate with mearures of component reoading
skills, such as lexical decision: language skills, such
ag  wvoocabulary: and Lradlitional measures of working
memory capacity, such as the digit span.

3.4 OTMER STUDTES OF WORKTNG MEMORY AND READING 1IN
ADULTS '

Daneman (1987} and Daneman and Tardif (1987)
inveatigated two imsues of working memory in
infornation proccasing tasks in aedults. The fLirst
concerned processing and storage capaciiy and the
gecond. whelher c¢omprehension involves a general,
cantral executive processor or a speclific language
processcy {Baddeley et al., 1985), A problem with
previous working memory span tests, sueh as the reading
span test, was that Lhey closely resembled reading. T
was difficult, therefore, to assess the interaction and
trade-offl hetwnen'aﬁornge capacily and processing, and
ta differentiate  belween s genoral 1 a apecific
Ianguage procesgsor. Daneman (1987 and Danemen and
Tardlf (1887) devigsed new verbal and nenvoerbal Losts of
warking memory Lo address bhese questions,

The tests were designed Lo evaluate 1lhe relative
welghts of processing and storage 1In  language and
nonverbal cognitive tashka. They tncluded varhal,
mathemntical and sapatinl  apan tests during which the
sebhjeots ware requlred 1o solve problems. The test
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material was printed on cards and there were 45 cards
in ecach test. They were presented one al a time in sots
of two to four cards,

Each card in Lhe verbal apan test c¢ountained four words
printed in a line. Two words had to be joined to form
another longer word {(e.e., ear f{at her nest}. There
¢ould be no syllable boundary belween the twe smaller
words, Tn Lhis example, "[lat" and "her" could be
combined without a syllable boundary to give "father".
Although "ear" and '"nest" could be combined to for
"earnest™, there is a syllabic boundary betwecn the
composile words. The mathematical test cards contalned
three numbers, The subjects were requirved to conbine
two of the numbers without performing any mathematical
oporations so that the resullanl number was divisible
by 8 (e.g., 9 26 72 = 972), The spatinl task cards
contalned three 3 x 3 matrices similar to those in
nought.s-and-crosses, Red and biue Lokens were placed on
some of Lhe vells in the matlrices. Dy examining Lhe
token placement 1n all three matrices on a card, the
subjecty had to find and point to a sequence of either
Lhree blue or Lhree red Lokens {ha't completed a
verl.ienl, horizontal or diagonal line., Al'teor responding
te the problems on all Lhe cards in a met, the gubjoects
had to veeall thelr solutions in the correact order of
preseniat.ion, The numbor aof corrvoct TOSBONAcS
{(processaing} as well as scequential  recall  thercof

{memory } woere scored.,

OlLhsar  tests in {hese experimenty were the Nelsen~Denny
Reading Tesl (discussced itn 3.8,38), and Lhe Vocabulary
Tort, from the General Aptitude Battery. The Vocabulary
Test conslsled of 60 ilems, comprising lfour words cach,
Ltwo ol which had cither similar or oppasite meanings,
The subjects were required Lo make aynonym and antonym
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Judgements. The reading comprehension and vocabulary
scores were combined +to oblain an overall measure of
verbal ability. These results were compared with those
obtained for processing and memory on the span tests.

Significant corzrelations were found bheltween the verbal
span procemsing {(r=.68; r=.68; r=.62; all p<.001) and
verbal memory {(r=.85; r=,568; r=,61, all p<.001) rasults
and comprehension, voecabulary and verbal ability tests,
respectively. The mathematical memory span test results
showed similar but weaker correlations to those of the
verbal span tests, The weaker correlations with the
eriterion tests, namely reading comprehension (r=.49,
p<.01), vocabulary (r=.44, p<.01) and general verbal
ability {(r=,61, p<.01l) were explained an the basis that
the mathematical memory span itnst did not resemble the
eriterion tegts as clogsely as the verbal span thects.
The mathemableal span processing test results
correlated weakly with only vecabulary (r=.84, p<.0§)
and verbal abilitices (r=.33, p<,068}, and failed to
relate to reading comprehenslion, indicating that the
subjecta’ recall for Lheir roagponscs £ the
mathematical problems (the mathematical memory apan
test) appearcd fo  tap linguistic skills to a greater
extent than mathematical piocesming, Therefore, the
mathematlenl testa alse appoaved to involve symbholic
rrocesaing {l.e., the uwse of speoech codoes when
aubvoeally rprehcarsing the numhér ghrings in order to
recall them) and storage, alithoush Iin their case, the
gymbola were numbers Inslead of words, The spatial apan
fLeats involved ne symbolic processging or storage and
showord no relalionship te Lhe eariterion, wverhal or
mathematical fLestis, Thux, Lhe mode of processing
{verhal/aymbal e versus spatlal) appeared Lo be  the
erltical factor in predicting reading comprehenslon.
These findings supported Lhe hypolliosis  concerning
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separate language and spatial proccossors (Daneman,
1987; Daneman & Tardil, 1987).

Ta assess whather there was a trade-off between storage
demands and processing, subjecta performed '"memory-
free" versions of the verbal, mathematical and spatial
tests. However, Daneman (1987) and Daneman and Tardif
{1987) conceded that there would be some need for
temporary storage during the processing tasks, although
the specific memory demands of recall folld 'ug
procesging had heen removed, The comparison of these
"memory~froe™ processaing tests with reading
comprehension, vocabulary and verbal ability produczd
sinllar correlations te those when the memory component
was included. The l'indings were interpreted as meaning
that the funciional capacity uf the processor depended
on operaltional eflficiency ralher than storage capacity,

Baddeley!s model of working memory {1988, 1980) would
auggest that Che verbal and mathematical span teals
depended on tLhe phonologlical loop and cenbral
execubtive, and the spatlial apan task, the visuo-spsiial
skeleh pad and central executive., As their results
seemed to emphagine the importance of processing over
gsltorage, Daneman (1887} and Daneman and Tardif (1987)
raigsed the question of whelher Lhe slave syatems counld
Incorporate a symbolic and a spatial processor capable
ef performing the processging tasks usually asaigned to
khe crntra) execulbive. This would render the construct
of the cenfral executive obsolete, and necessitate the
reconceplualizalion of Lthe worlking memory model.

Following Lthe Daneman {1987) and Daneman and Tardif
{1987) publicalions, Turner and Engle ({1989} devised
and  teslted complex verbal and numerical span measures
an undergradunte universaity students. Roesults on their
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measures were compared with reading comprehension and
with traditional digit and word span test scores. The
complex verbal span lesl consisted ol sets of sentences
vegembling GLhose of Dameman (1980}, They modified the
Dancuan procedure in  that one trial required +the
subjerts to recall the last word of each sentence
{#rtence Word}, and the next, the digit that followed
eack sentence (Sentence Digit). After each sentence,
the subjects had to verify them so0 as to ensure
sentence processing and comprehension. The numerical
span involved verifying sets of ariihmetic operations,
(for example, (8/3) -~ 2 = 1)}, szome of which were
followed by & word (Operalions Word), and some, by =&
digil {(Operations 2igit}, 1In addition te these complex
measures, they also included simple, traditional digit
and word span tests and the Nelson-Denny Reading Test.

The results showed Lhat all the complex span scores,
. namely Sentoence Word (rs,87, p<.001})}, Sentence Digit
{r=,20, p<,01), Operalions Word {r=.40, Pp<.001)} &nd
Operations Diglt {r=,24, r<.01), correlated with
reading comprehensien, the highest correlations being
obtained I'rom the Sentoence and Operations Word span
tests, The Sentence and Operatlons Diglt span tests
ware less gignificantly correlatad with reading
comprehengion. Tn Lhisg, their resulls regembled those
of Danaman (1887) and Daneman and Tardif (1987).
Although they conceded that thesge tasks night all
depend on verbal /gymbelic processing, thay concluded
that measures of working memary functional capacity did
not have Lo be bLask dependenl, which contradicts the
Daneman (1987} and Daneman and Tardif {1987)
conclusions. Tradilional word and digit span did net
gorrelate with reading comprehension. In the latter,
Turner and Engle (1989) argued that the tasks relled on

reohearsal  and  chunking rather than processing.,. Il



followed, therefore, that they should not be related to
reading comprehension, whieh involved processing as the
complex gpan Lests did.

In & follow-up study, La Pointe and Engle (1990) again
compared simple and complex word spans in relation to
comprehension in  undergradusate university students,
Their simple word span tasks comprised sets of two to
eight short or long words that were matched for
fregquency. The words were presented one at a2 time by
computer. The subjects were asked to read all the words
in & sel and then recall them in any order, This was
followed by & complex numericel task reguiring the
veriflcation of metsy of arithmetic statements (for
example, [doas (8 x 1) + 8 = 1671}, sach of which were
succeveded by a word to he remcmbered.  Qther tesis
included & reading comprehension test and a reading
gpan tesi comprising sels of soentences to be rpead
aloud, eac, fellowed by a word te be remembered.

The comprehension and complex reading span resulis were
compared with thoese of the word span and complex
numerical task, La Pointe and Engle (1990) reported
Lthat the simple word span test predic¢ied comprehension
for both short and long words, although they were
unable to cay why this was 80, a8 previous studies had
nolt obtained this resull, Daneman and Carpenter {1980)
and Turner and Engle (1989), for aexample, huod showed
that simple word span tests did net predict readng
comprehangion, probably because they did net involve
the same linguistic/memory processes and strategies,
Both the complex numerical (r=48, p<,01} and readlug
span tesis {r=.54, p<.6l), however, which involved
symbholic procegsing, carrelaloed with reading
comprehenuion as Lhey had done in Lthe Turner and Engle

{19841 study,
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In summery, the following are relevant with regard to
the role that working memory may play in fluent reading
in children. PFirstly, the studies quoted all wused
mature adill readers and, therefore, the pesults may
not necessarily be generalized to children. Secondly,
apecific skills vital for reading development, such as
phonological coding, were not assessed. Information on
the role of working memory in phonological coding would
be of particular interest in the <case of younger
school-going c¢hildren, who still wuse phonologicel
strategies te a large oxbtent when reading. Studies
addressing these issues are reported in section 8.6.

3.5 WORKING MEMORY MEASURES AND READING IN CHILDREN
3.8.,1 Working Memory and Reading Comprehension

Some recent sStudles of working memory In resading
comprehension in  c¢hildren have invesltigated the issua
ol trade-off between processing and storage based on
the the Kintsch and wvan Dijk (1978, 1983) model.
Younger children and children with reading disabilities
would be expected Lo devote more time to decoding words
and microstructural processing than to macroprocessing,
Inefficiencies or difficulties in doceding and
microprocessing would result in limited resources for
storage and for atitention to higher-level processing,
such as comprehension (Hews & Radtke, 1881),

Torgosen, Rashotte, and Greenstein (1888) compared
normal children with two learning disabled groups in
retaining sequaences of verbal material. The one
loarning disabled group had 4 normal short-term memory
gpan, and the ether, a below average memory span. Tue
losrning disabled childron's reading and/or
mathematical achievemeni scores al school were at least
18 months belew chronological age expectations., Results
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on a working memory span test, similar to that used by
Baddeley et al. (1985}, a listening comprehension teatl
requiring gisl recall for unfamiliar passages, and a
bloclkk manipulation task, requiring the ability to
follow a sequence of instructions, were compared with

reading comprehension scores.

There were no significant differences between the two
learning disabled groups on the listening and reading
comprehension tests. However, the lesrning disabled
children with poor short-term memory performed poorly
in recalling specific words and word order in the
working memory span test and very poorly on the block
task. Inadeguate rehearsal and chunking strategies,
relating to inefficient phonological loop functions,
appeared lo account for their poor performance on the
working memory span test., Competent performance on the
bleoek manipulation tuask reguired the retention and
organization of large chunks of information.

Torgesen, Rashotie, and Greenstein (1988) interpreted
the results of the learning disabled children with poor
short-term memory as suggesting difficulty in the wuse
of ... phonological codes to store verbal information
in working memory" {(p, 4868). However, they may also
relste to the phonological short-term store in the
phonological loop. This store acts as a "mnemonic
window" (Baddeley, Vallar, & Wilson, 1987) in
comprehenulion tasks, and the number of chunks for
storage in order to understand discourse depends on the
syntactical complexity of +the discourse. It wasa
guggestoed that thesge children have inadeguate rchearsal
and chu ing strategles and, consequently, may bhave
limited information siorage capabilities in the window
at one time, Thoese findings imply difficulties in
following syntaclically complex instructions in class

[41]
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ag well as in uhderstanding complex text Dbecause
processing capabilities were limited by the amount of
available siorage. Thus the trade-off between storage
and processing appears 1o be more marked in chlldren
than in adults,

¥uill, OCakhill, and Parkin {1989) matched children of 7
to 8 years who performed well and poorly on tests of
reading comprehension for letter recognition and digit
span. They first read sets of lists of numbers and were
then asked to reca'l the last number in the list in the
correct order for each sel. The poor comprehenders
scored significantly worse on the longer number lists
compared with the good comprehenders. They were then
asked to detect anomolies in sentences, The anomolies
occurred next +to, and +two sentences away from, and
either before, or after, the resolution, which imposed
varied loads on working moemory. There was & generalized
deficit in storing information from distant sentences
during a concurrent language processing task amongst
the poor comprehenders, suggesting limitations in
working memory functions) capacity in these children.

Siegel and Ryan {1989} compared reading- and
arithmetic—- disabled children and attention deficit
children with normal controls on reading and arithmetio
dubtests of the Wide Range Achievement Test, an
auditory working memory listening span test, resembling
that of Daneman and Carpenter (1980}, and the dot
counting span test {Case, Kurland, & Goldberg, 1882).
The ages of Lhe subjects ranged from 7 to 13 years. The
yvounger normal conlrols {x=3.13, sd=1.5}) and +the
reading~disabled children of all agea (7 - & years:
x=1.,84, s8d=1,1; 9 ~ 1C years: x=2.18, sd=1.47 11 - 13
years: x=4.29, ad=1.4) had significantly smaller
iistening spans than the older normal contrels {x=5H.81,
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g4d=1.9)., PBoth the arithmetic- and reading-disabled
subjects performed more poorly than the normal controls
on the dot counting span test {F[2,114]=2?.09, p<.001),

These result~ were interpreted as follows. The reading-
but not the arithmetic-disabled children had
difficulty with the listening span test. This tes"
involved the prodessing of words and grammatical
gtructure in addition to memory., However, all the
disabled children had difficulty with the dot counting
span test, which is thought to be a more generalized
test of working memory processing and storage., With the
exception of the youngest subjects' performance on the
listening span test, the attention deficit group did
not perform significantly differently to the normal
controls, Siegel and Ryan (1989) concluded that working
merory deficits may he related to specific learning
disabllities. Different patierns of _deficits (i.e.,
linguistic and numerical} may be ohgerved in differant
types of learning disabilities.

All of the above studigs suggest that learning disabled
children struggle with tasks reguiring simultanecus
storage and processing, Again, +his appears to be due
to a limited phonelogical short-term store, which
impedos processing at both micro- and macraatructqral
levels.

3.5.2 Working Memory and Componoent Reading Skills

Baddeley and Hitgh {1974) and Baddeley (1986, 198%0)
suggest thai phonological coding 1is & function of
working memory and this has received particular
attention 1In studies of reading retardation. Catalde
and Ellis (1988) state, "In the early formulative
stages of reading implicit phonemic awareness and
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reading act reciprocally to build skill in each othepr"
{r. 86). Phonological coding deficit=s, therefore, cause
concern as they relate significantly to difficulties in
agquiring early reading skills {(Vellutino & Scanlon,
1987). Phonological short-term store is snother working
memery function that Appears to contribute to
developmental and individual differences in reading
performance {Gathercole & PBaddeley, 1990).

Siegel and Ryan {1988) compared normal controls with
reading disabled children on a number of language,
reading and short-term memory tests, The subjects were
aged from 7 to 14 wcars., The tests included the reading
and spelling of nonwords, Lhe reading of regular and
irregular words and 2 tesl. of reading comprehenaion,
the G@Gilmore Oral Reading Test. The short-term memory
test involved recalling printed sequences of letters,
either rhyming {C E G T B} or nonrhyming (H L K P M)}
after 3- and G-second exposures.

Developmental iLrends were present on all the tests. The
reading disabled subjects, however, performed more
poorly on the tests requiring lelter-gound conversicn
knowledge, such as reading regular words and nonwords.
However, this group’s irregular word-reading was
superior to regular word-reading, suggesting that they
compensated for their difficulties by using of whole~
word strategies via the lexical reading route. The
reading disabled group performed more poorly than
normal controls in the short-term memory tesat, and in
recalling rhyming letters in particular. Thias group's
slow and ineffective access of phonological codes had
led +to the inadequate development of vphonoleogical
reading skills and to poor reading of unfamiliar words.
Reading conmprehension correlated significantly wich the

accuracy of word recognition (r=.56, p<.001} and the
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ability to read nonwords (r=.,82, pL.001} in the group
85 & whole, Therefore, poor pvhonological skilla in the
reading disabled group may alao have impeded
comprehension. In thig study, however, it appears that
children with only phonologizal reading difficulties
were tested., Other forms of reading disorder, such as
the inability to read lexically, were not considered.

Gathercole and Baddeley (1990) tested the role of
phoneclogical short-term stere in language skills and

disabilities, Their exyeriments compared language
disabled c¢hildren witk +two nurmal control groups,
matehed for verbal and nonverbal abilities

respectively, on various phonological working memory
tests., The tests included nonword repetition (one to
four syllables in length), serial recall (ineluding
phonologically similar ar« <dissimilar words), auditory
perception of, and discrimination betweel.,
phonologically similar and dissimilar words; and rate
of articulation, The language disabled group showed
generalized phonologicel memory deficits, apparently
related to either auditory perceptual or articulatory
problems and not to phonological coding or rehearsal
difficulties. Gathercole and Baddeley {1990) suggested
that the memory deficits were related to developmental
language disorders. However, the group of language
drsabled subjecta o¢onsisted of only six children. An
unrepresentative sample such as this may account for
the absence of significant differences between the
subject and control groups in phonological coding and

rehearsal.

In general, strong developmental trends ave present in
phonological coding and memory in children. These
skills are important in  language and reading
agguisition. It seems likely that such developmental
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trends will be evident in the present study.

3.6 PROBLEMS RELATING TO SUBJECT SELECTICN IN
READING RETARDATION RESEARCH

Many studies have examined the potential relationship
betwean working memory and reading abilitiesn in
beginner and mature readers, and normal and reading
disabled children {Brady, 1986; Jorm, 1983; Mann, 1984;
Perfetti & Lesgold, 1977). Howevar, regults are
conflicting i1n studles using children with reading
disabilities. This may be due to the choice of subjacts
and controls,.

Disabled readers and normal controls are often matched
for chronolegical and/or reading ages (Ackerman, 1984;
Jorm, 1983; Oakhill & Yuill, 1986% Yuill, o©Oakhill, &
Parkin, 1988). Some subject groups comprised children
of a spacific age while in others, ages ranged over a
few years. In +the latter, developmental differences
within, a.ul between, groups in readirg and memopy
skills may have invalidated results. Vellutine and
Scanlon {198%) have warned against matehing poor and
normal readers for ohrenological age and/or roading

level. Studies using this methodology rield
vontroversial results because of the variety of
interpretations made, particularly with regard ‘o

csusal relations.

Many redearchers have treated reading eor learning
disabled groups ag though their disabilities ware
homegeneous, and Lhis lg inaccurate. Reading disabled
children can be classified lnto three groups according
criteria based on comprehonsion and coding {Aaroen,
1981), Specific reoading disabled ochildren show adequata
comprehension but poor coding skills, and nonspecifie
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reading disabled cohildren, poor comprehension but
adeguale coding skills. Children with global cognitive
deficits are poor at both comprehension and coding.
Ellis and Large (1987} alse advocated gseparating
specific Trom generalized reading disabilities.

In addition to these criteria, reading disabilitics
{dyslexias) can be c¢lassitled according Lo s=speciflic
woaknesses and reading errors {Patterson, 1981). These
include the inability to read irregular words (surface
dyslexia) and unfamiliar words and nonwords {(deep and
phonological dyslexias), and scmantic (deep dyslexia)
and visual and derivational errors {deep and
rhoaological dyslexias}.

The diversity of reading disorders means that reading
disabled children are not satisfactory subjects for
developmental reading rescarch., This discussion
highlights the necessity for using normal readers as
subJjects.

3.7 CONCLUSIONS

The trade-off between storage and proceasing in working
memery during cognlitive tasks appears to be more
pronounced in c¢hildren than in adults. These functions
are accredited to eilher u goneral, central executlive
or a specific language processoer, The postulation of
doeparate language and spatial prooessors in  working
memery (Baddeley et al,, 1985; Danemen, I887: Daneman &
Tardif, 1987} is oxeiling, The phonological loop may,
Ltherefore, be s slave systom to a verbal/symbolic
PrOGCSEOT, Anobther pousibility is that the slave
systoms Lthemselves may be  processors.  lHowever, the
Dancman {(198%) and Dancman and Tardif (1987) research
in Lhis area was carried oul in adulls and needs Lo he

replicated in children,
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Thege gtudies give rise to the possibility that working
memory plays an important role in fluent reading in
vhlldren. However, the available research on reading
and  working memory developmeni has compared groups of
normal and reading dilsabled subjects, Thusg, Gtheore is
little information available about normal developmental
changes in working memory and their implications for
fluent readind. Working memory F[unctional capacity
appears Lo change with axe, and conseguently, there may
be developmental differences in its relationship with
component resding skills and reading comprehension in
normal children, let alone disabled readera. Such
changes are potentially impertant in the understanding
of reading retardation. This emphasizes the need for a
developmental study of the role of working memory in
reading in normal children of various ages.
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Culla"iWl 4
AIM AND RYPOTHESES

4.1 AIM

The absence of developmental studiea of working nemory
and reading in normal children provideas the rationale
for the present investigation. Its ain is to
invegtigate the role of working memory in component
reading skille -~au. orveading comprehension in such
children from a divrelepaental perspective., In erder to
provide a link between the working memory aund reading
camprehension ¢onstructs, the Baddeley (1986, 18%0)
model of working memory and models of reading
development (e.g., Coltheart & Harris, 19868) and
reading comprehension {e.g., Kintsch, W. & van Dijk,
1978, wvan Dijk & Kintach, ¥W,., 1983) formed the
necessary theoretical framework., The Baddeley et al.,
(1985) study was replicated with soms modifications to
accommadate factora relevant to reading development in
children. '

The subjects were in stanuards 1, 3 and 5 and were all
normal readers selected according to strict criteria,
These standards were chogsen specifically because the
youngest children should  have had sufficient
educational experience to cope with group testing
procedures, Furthermore, i1t was postulated that the
astandard (8td) 1, 3 and 5 subjects should be at
different stages of readi: 2 development and, therefore,
their results should reflect developmrental trends in
nonlexical and lexical reading strategies and
comprehension., The relative operational efficiencies of
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working memory of these groups should also reflact
developmental trends in functional capacity. This might
relate to parformance differencaa between the groups in
reading taske.

Baddeley et al. (1986) used +tests of reading
comprehension, reading spoed, vocalmlary, complex
working memory span, letter code and lexical access.
The present investlgation used +this battery without
letter code and reading speed tests and included tests
of listening comprehension, traditional working memory
span and phonological coding tests., The reasons behind
the inclusion or omission of these tests were as
follows:

i Listening comprehension should show

davelopmental differences in correlation patterns

with reading comprehension {Durrell & Hayean, 1970}.

Listening comprehension and reading comprehension
 should show a lag in the younger children.

1i. Traditional working memory span tests should
he correlated with phonclogical coding/word atteck
gkills (Bowers, Steffy, & Tate, 1988; Talley, 19286).

iil. The degree of correlation between phonological
coding tests &and reading comprehension should
indicate the extent to which the nonlexical rending
route contributes to comprehension.

iv. The letter code tegt was omitted oh the basis of
baing beth irrelevant to the aim of the study and
superfluous in the light of the inclusion of lexical
decigion tests. The latter tests assess lexicael
avcess and orthographle knowledge, and correlate
highly with reading comprehension in adults according
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to Jackson and MceClelland (1979}, Lexical decision
tests should also reflect the use of lexical reading
strategies in children.

v, As the children were teated in groups in their
clasarooms, it was not possible to asmess each
child’s reading speed individually. However, the
sténdardised reading comprehension tests had to be
completed within a specified time. Tharefore, slow
readers lost marks for not completing the test,

A correlational approach was uwsed te identify the
component reading and working memory variables that
contribute towards the development of fluent reading in
children, The reading and working memory variables,
showing the most significant correlation with reading
comprehensieon, were entered into regression equations
to asgess their relative centributions to the
prediction of fluent reading. Firther regression
analyses wore be performed to examine the relationship
between working memory and component reading variables.
The pattern of correlations was assessed from a
developmental perspective for specific patterns at each
educational lavel, Although  the correlatirn and
regression results would not 4imply causation, they
might indicate importent relationshipe between working
memory and reading skills.

1.2 HYPOTHESES
i There will be a significant relatiovnship
between working memory oas measured by complex and

traditional working memory span tests and reading

comprchengion.
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ii. There will be significant relationships between
all tests of working memory involving symbolic coding
and testg of component reading skills.

1ii, There will be a significant relationship
between listening comprehension, vocabulary and
reading comprehension.

iv. There will be & significant relationship
between the cognitive components of the reading
process and reading comprehension.

v, There will he a significant relationship
between working memory, listening comprehension and
vocabulary.

vi. There will be a significant relationship
between traditional tests of working memory and the

complex memory span tests.

vii, There will be developmental differences in
working memory and reading. _
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CHAPTER 5
PILOT STUDY: METHOD, RESULTS AND DISCUSSION

5.1 INTRODUCTION
The pilot study was aimed at determining whether the

materials and test procedures were appropriste for use
with the subjJeota. As the subjects varied in age and

level of education, differences in cognitive
development might result in floor or ceiling effecta in
certain tests. These tests might then require
modification. '

§.2 METHOD
5.2.1 Research Degign

A nonexperimental research design wae used in this
rilot study to investigate the relationship between the
independent variables, working memory skills and
componenta of the reading process and languasge skills
and the dependenit variable, reading comprehension, The
dependent variable was derived from a standardized
reading comprehension test. The independent Jlanguage
varlables came from listening comprehension and
vocabulary tests, and component reading skill variables
from tests of phonologinal coding and orthographic
knowledge., The independent varisbles relating to
working memofy came from reading, listening, digit,
word, and dot counting span testa, Normal Std 1, 3 and
5 readers were selected for this study.

As often happens with human science research, this
study dld not lend itself +to an experimental design
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(Kerlinger, 1986), Thus, 4 nonexperimental vesearch
degign was used in the pilot and main studies because
the independent varisbles ware characteristica inherent
in the subjects and could not be controlled or
manipulated, Instead, they were measured in terms of
the subjects' performances on & variety of memory,
language and reading tasks. The subJects could not bhe
randomly assigned to treatment groups, and were grouped
actording +to their educational level. Control of
extraneous variables was exercised az followsa:

i+ The subjects were selected according to strict
eriteria.

1i, Some standardized measuring technidues were
employed.

iii. The instructions and administration procedures
for each nonstandardigzed tewt was identiecal for all
subjects,

iv. Tastroom conditions were controlled as far as
posaible,

Thiz design permitted correlational inferences between
the dependent and independent variables to be made.
Causality was, however, not necessarily implied,

5.2.2 Subjects

Altogether 270 English-spesaking 8td 1, 3, and § pupils
were tested in Transvaal Education Department Primary
Schools, After testing, 132 normal subjects were
salected on the basis of an average reading
camprehension score defined as felling within the
fourth to the sixth stanine on standardized reading

a7



.comprehension teets that wers appropriste for each
standard. The subjects also complied with the following
criterid:

a) No significant medical or psychlatric history.
b) No evidence of a specific learning disability.
c) A normal scholastic achievement record.

d) Clasgification within the "average" range on the
New South African Group Test (NSAGY) or
equivalent intelligence test.

e) Soclio-economlc status to be "middle-class".

The subjects were divided into three groups according
to standerd of education as shown in Table 1, There
were 40 Std 1, &4 Std 3 and 38 Std 5 pupils., The mean
ages were 9,20, 11.058 and 13.16 years rrarectively.

TABLE 1
Subjects included in the Pilot Study.

. STANDARD | N | MEANAGE
l 1 L0 920

3 D54 1 1108

5 138 1316

5.2, Materials

The test materials were selected or compiled to assens
firatly, various skills involved in fluent reading, and
secondly, verbal and nonverbal working memory, All
tests were in péncil and paper format.
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{a) Word tests
{i) Component Reading Skills

The words wused in +these +tests were selected in
consultation with experienced Std 1 teachers from the
prescribed Std 1 basal reading series. They were,
therefore, familiar to Std 1 pupils, and their
frequencies were obtained from Kucera and Francis
{1967). They were matched for length, number of
syllables, part of speach, and frequency. Words and
nonwords that resembled Afrikaans words were not used
so as toc prevent confuaion. The following tests were
ineluded:

SILENT TESTS OF PHONOLOGY:

Rhyming and nonrhyming, regular and irregular, word-
pairs were compiled based on Coltheart (1981) to assess
the children’'s ability to access phonological codes
when reading regular and irregular words end nonwords.
Regular words follow the letter-sound correspondencs
rules of English orthography, while irregular words do
not, Nonwords, consisting of strings of letters
foellowing the letter-sound conversion rulesx of English
orthography, were constructed to match the real words,
These ¢ould, therefore, be read by applying the prules,

One practice and two test liasts of regular and
irregular word-pairs and nonword-veirs were compiled
{see apprendices A to E}. Each practice list conteined
6; and each test list 20, randomly arranged homophonous
{sounding the game } and nonhoemophonoua {(having
different sounds) graphically similar contrel pairs.
Examplea of these are SAIL - SALE, SAIL ~ SALT
{regular words); HALL - HAUL, HALL - HILL (irregular
worda}; and AFE - AIF, AIF -~ AUF {nonwords}).
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AL et i Y e —

LEXICAL DECISION TESTS:

A practice list of 16 words, and four test lists of 26

words each were constructed to investigsate the
subjects? ability to distinguish between wordsz and
nonwords, which were rseudohomophones and
nonpieudohomophones {see appendices F to H).
Peeudohomophones are honwords that sound like Engliah
words. Nonpseudohomophones are nonwnrds Lhat do not
sound like English words and are derived frem real
words by changing a single letter. None of the words
wag a homophone of any English words, and this was
ascertained by checking against lLlists of homophcnes in
Kreuze (1987). The practice list included eight words
and eight nonwords. Of these nonwords, four were
pseudohomophones and four, nonpseudohemophones. Two
test 1llists contained 25 words and 25 pseudohomophones
in a roandom order, for example COW and KOW; BOAT and
BOTE, The other twe test lishs contained 26 words and
25 nonpseudchomophanes in a random order, for example:
SUM and WUM; BOX and TOX.

VOCABULARY TEST:

In this study, tests of vocabulary appropriate to each
level of education were administered to assess the
children’s ability to access semantic representations
of printed words from the lexicun. The HSRC Std 1
(Claxrk & Kriteinger, 1973), 8td 3 (Clark & Xritzinger,
1973) and B8td § (Kritgzinger, 1978) English First
Language Vocabuluary Tests (Form A) were given. These
were standardized on Endglish-speaking South Africon
primary school pupils. Examples of these tests are
given in Appendices T to K. The lLests consist of 20, 23
and 31! questions respectively and involve synonym
judgements with mulliple-choice answers. FEach tegt is
precaded by three practice examples,
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{ii} Working Memory Span Tests

WORD SPAN TEST:

A 8ingle presentation of the HRey Auditory Verbal
Learning Test List A was used (Rey, 1864). This 1list
comprises 18 common, high fregquency nouns. Five words
from List B were used as a practice list (see Appendix
L},

(b} Sentence and Paragraph Teszts
(i} Reading and Language Tests

READING COMPREHENSION TEST: .

It was c¢rucial to select reading comprehensicon tests
that were suited to the children’s cultural background
and levels of education. As with the Baddeley st al.
(1986) study, reading comprehension was the outcome
variasble, and was, therefore, compared with the results
of all the other language and memory tests used in this
gtudy. The HSRC Std 1 (Clark & Kritzinger, 1973), Std 3
{Clark & Kritzinger, 1973) and 8td 5 (Kritzinger, 1979)
English First Language Reading Comprehecnsion Tests
(Form A) were given. These were also standardized on
English-speaking primary school pupils, Each test
comprises short passages followsd by multiple-choice
comprohension questions, and ia preceded by a practice
pagsage and questions, Examples of these tests are in
Appendices M to Q.

LISTENING COMPREHENSION TEST:

Passages from the HSRC Std 1 (Clark & Kritzinger,
1973), B8td 3 (Clark & Kritzinger, 1973) and Std &
(KEritzinger, 1878} English Pirst Language Reading
Comprehension paragraphs (Form B) were read to the
¢hildren. The multlple-cholice comprehension questions
for each passage appeared on answer sheeta. Again, a
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practice passage with gquestions vreceded the test,
Examples of these tests are in Appendices P 1o R.

{ii) Complex *orking Memory Tests

WORKING MEMORY READING SPAN TEST:

Practice and test sentences were compiled and printed
on transparencies. Each sentence contained & subject
{either an animel or a person)}, a verb and an obhject
and was based on the Baddeley et al. (1986) adaptation
of the technique used by Danemsan and Carventer ({(1980),
The subjects were printed in red, the objects in green,
and the articles and verba in bleck. Half the sentences
were meaningful and half meaningless. For example:
"THE MAN ATE THE APPLE" and "THE GIRL SANG THE WATER".
The number of saentences in a series increased from two
to four (see Appendix S).

WORKING MEMORY LISTENING SPAN TEST:

Practice and test sentences similar to those presented
during the reading span test were congstructed. The
number of mentences in a series also increased from two
to four {see Appendix V).

{e¢} Other Memory Tests

Traditional working memory tests invalving verbal,
numerical and nonverbal/spatial processing and storage
were administered,

DIGIT SPAN TEST:

The Digit Span subtest of the Wechsler Intelligence
S5cale for Children - Revised (WISC~R) was given
{(Wechsler, 1974}, This ce¢nsists of series of digits to
be recalled in the correct sevial order. These series
are between three to cight digilts long (ses Appendix
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Y).

DOT COUNTING SPAN TEST (Case, Kurland, & Goldberg,
1982);:

Fifteen sets of white cards with randomly arranged
green (target) and vyellow (filler) dots were used,
There wera from one to five cards in a set and therae
were three practice and test trials in each set. The
cards measgured 16 by 13em, and the dots, 1,3cm in
diameter. The yellow dots served te disrupt patterns
made “y the green, target dots (see Appendices Zi and
Zii).

5.2.4 Procaedure

The children were pgrouped according to standard of
education and were tested at school 1n their
clagsrooms. The seating wes arranged to minimize the
possibility of copying from one another. The study was
introduced before testing co explain its purpose. The
children were told that the test results would reveal
what processes took place inside their heads during
reading and whether they could remembsr what they read
and heard. Each child was to try his/her best during
testing, but no one waz expected to complete all the
tests. They were assured that the tests were not for
scholastic evaluation. Spelling errors would not be
penalized,

The tests were administered in several sessions of
about an hour each and were presented in a random
order, with the exceptlon of the working memoary
listening span test, to minimize practice effects. The
listening span test was always scheduled after the
wo king memory reading span test had been given to
facilitate wunderstanding of its instructions. The
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children were allowed a short break between tests if
more than one was administered in a session. The
children cleared their desks prior to testing except
for a peneil and an erager. At the beginning of cach
sesgion, test materials, such as answer booklets and
gheets, were distributed. The children wrote their
names, oages and classes on the front page of the answer
booklets or sheets, and were required not to turn to
the test pages until told to do so, A4ll tests were
preceded by practice items to familliarize the children
with procedures. Their performance on practice items
“& cheoi ¥od to ensure that each child in the Sroup
rwzatosd what was required before tasting commenced.
i .esta were administered ag follows:

REAINING COMPREHENSION TEST!

The instruckions were resd to the children as given in
vhe administration manuals {(Kritsinger», 1978, 1888},
Tharcafter, they wers assisted with the practice jitems,
whieh involved reading the practice passagesn and
questions in the test booklets and selecting the
appropriate answers from four {Std 1} or five (35td 3
and 5} alternatives A, B, C, D/E, They indicated their
choico by marking the letter adjacent to the relevant
question humber on the answer sheetsa, Their answers to
the practice items were then checked art they were
allowed Lo correct mistakes. The tests wera
adainistered onge evervone understood what was required
of him/her, and were performed within prescribed time
limite, Thege varied accoprding te standard of
education., Std 1 pupils were allowed 16 minutes, 5Std 3
pupils, 18 minutes, and Std b pupils, 80 minutes for
test coampletion. The children were instructed when to
start and finish working on the testa, The tests were
gimilar teo the practice ltems in that they involved
reading the test pagsages and questions and marking the
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answer of their chojice on the answer sheets.

LISTENING COMPREHENSION TEST:

The children were instructed to listen carefully during
the auditory presentatien of the practice and then test
razsages. After each presentation, they read the
relevant questions on the answer sheets and marked the
answer of their choice from four {Std 1) or five (Std 3
and 5) alternatives (A to D/E),

VOCABULARY TESY:

The instructions were read to the children as
prescribed in the administration manuals (Kritzinger,
19799, 1985}, They had to choose the most correct of
four or five alternative meanings (A to D/E) for
pPractice and iest words and indicate their choice by
morking the appropriate letter adjacent to the item
number on the answer sheets. These tests were also
pertormed within prescribed time limits., Std 1 pupils
were allowed 11 minutes, Std 3 pupils, 9 minutes, and
Std 5 pupils, 16 minutes for test completion.

SILENT TESTS CF PHONOLOGY:

The regular, irreguluar or nonword practice 1lists
preceded the appropriate test list, and all the
children in a group began working on them at the same
time. After explanations and examples of what they had
to do, the children read the praectice and then the
word-pairs silently and decided whether they rhymed or
not. They placed a tick in the "YES" column next to the
reapective word-pair on the answer sheet if they
rhymed, and in the "NO" column if thay did not. Each
child was allowed to complete all +the words on esch
ligt.
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LEXICAL DECISION TESTS:

As with the msilent test of phonology, the children
completed the appropriate practice liasts before
embarking on the word/nonpseudohomophone or
word/pseudohomophone teat lists. They were instracted
to read the items one at a time and to decide whether
they were real words or not. Responses were indicated
by placing ticks in the appropriate "REAL WORD" or “NOT
A WORD" columns. There was & time limit of 20 seconds
for each test list irrespective of standard of
education, The c¢hildren completed a8 may items as
possible in the time available, drawing a line
underneath the last completed item. Thereafter, they
completed +the remaining items in that list. This was
done to eatimate an individual's speed of lexical
ACCeRS aRr well as the total nonpseudochomophone
(visually similar} and pseudchomophone (phonclogicelly
gimilar) errors they made.

WORKING MEMORY READING SPAN TEST:

This test comprised series of +two, three and four
sentences, Each series was presented four times,
amounting to 36 unique sentences, They were projected
individually onto a screen using an overhead projector
for § seconds. ITmmediantely after reading each sentence,
the children had to judge whether it made sense or not
and te respond by placing a tick in either the "SENSE"
or "NONSENSE" columns next to the appropriate sentence
number. After a series had been presented, the children
were required to recall and record the cue words (see
below) from cach sentence in the order presented.

Baddeley et al, {1985) used "subject" and "object" cuea
that were randomly assigned to a series to ensure
unpredictabillty. This obviated selective retention of
cues  amd guessing. To prevent. the younzer children in
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this study confusing subjects and objects, the subjact
words were always printed in red ink and the object
words, in green, Cueing was, thus, either "the subject
or RED word" or "the object or GREEN worxrd", If a child
could not recell a cue word, this was indicated by a
short line in the respective serisl position in the
answer booklet, This ensured that he/she was given
eradit for those cue words recalled in the correct
serial order even if some were forgotten.

WORKING MEMORY LISTENING SPAN TEST:

The procedure was similar to that of the reading span
test, but instead of peading the sentences, the
children listened while the sentences were read. The
cues "gubject or first word" and "object or last word"
were used.

WORD SPAN TEST:

The children recalled and re¢ orded as many words as
possible from & serles presented at a rate of one word
per sgcond. The practice serles contained 6 worda and
the test series, 15. The order of recall was not
considered,

DIGIT SPAN TEST:

Standardised instructions were given {(WISC~R Manual,
Wechsler, 1974), and digit presented at a rate of one
par secend. The children recorded as many as possible
in the correct sequence after each presentation.

DOT COUNTING SPAN TEST:

The cards were grouped in seits of one to five. The ohe-
and two-card sets were the practice iltems. The cards
were ghown one &t a time and the children counted and
remembered the number of green target dots on each card
in a set. There were three trials for each set size, At
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the end of each trial, the children recorded the number
of green dots on each card in the correct sequence, The
children drew a short line if unable to recall a number
in a sequence.

6.3 RESULTS

Standardized tests were gcored according ta
instructions in the munuals. Scoring stencils were made
and used for marking many of the other tests. Scoring
methods for each test are discussed below.

The raw deta were entered onto spread sheets using the
Lotus 123 computer program. These data were then sorted
according to the reading comprehension stanines and the
subjects selected on the basia of an average score,
that is, falling within the forth to the sixth
stanines, Means and standard deviations were calculated
separately for the three groups on all the
reading/language and working memory variables, and
these are shown in Table 2 and Table 3 respectively. No
further statistical analyses were performed as certain
anomaliea had been detected in some of the test
materials and procedures.

READING AND LISTENING COMFREHENSION AND VOCABULARY:

The Std 1 answer booklets were scored by hand, whereas
the Std 3 and § answer sheets were scored using the
appropriate scoring masks. A raw score was obtained
from the total number of correct choices made by each
child. This was converted tc a stanine and a percentile
using the procedure and norm +tables given in the
manuals (Kritzinger, 1979, 1985). The percentile for
reading comprehension represented the dependent
variable for analyses, whereas percentiles for
listening comprehension and voecabulary were independent
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variables.

TABLE 2
Mean Scores and Standard deviations obtained by Pilot
Subjects on Reading and Langueage Tests

| - T [ <ty Thts G Paosmuoot TAYICAL (ZCIAION TEETS .
smi VORMISLARY [LIBTARIHG  (ARGUCAR TTUPBGULAR [ORHOEDE {HOREAUEE PENGDG-  |Pinlbo-
COHPRBIASION comasmmaion | vas | wasg ! v | croems f1norecnss ponzrona |
Thaml —si.i [THT) 7237 N3+ Ja46 | WaE © 19 | 523 | w0 1.1
T8 7.3 15,04 38 1 303 s [T Ll e L85
N T ] T 1049 5.8 3023 1 29,96 | 450 1 deod | 3.0 | e | 4.
6| 0,63 15,5 30.00 T TS T 0 T 264 5.0 2
§ [WRAY 4361 L BR.EE 3.0 .89 | 648 4 35,03 | 43,00 FYF I I 5T 3|
I 14,52 2680 | 31,0 TS T T Y LA iRaT I

The mean percentiles achieved for reading comprehension
by the Std 1, 3 and 6 subjects were 56.43, 50.44 and
43.61 respectively. Thege percentiles are equivalent to
a stanine of 6 (renge 40 to 59), which is classified as
average. A gimilar pattern can be seen in the magn
percentiles achieved for vocabulary. However, the mean
percentiles for listening comprehension showed
considerable variance between the standards. The mean
percentile obtained by S5td 1 subjects (72,97) fell
within the 6th stanine (60 to 78) and that of the Std 3
subjects (58,83} within the 5th stanine, The mean
percentile obtained by the Std 6 subjectas (33.13) was
lower +than the others and fell within the 4th stanine
(23 to 39). All these stanines are classified as
average,

SILENT TESTS OF PHONOLOGY:
The scores represented the total number of correct
responses to the rhyming and nonrhyming word-pairs out

of 40 in each category (i.e., regular, irregular and
nonword word lists), The phonology test results in
Tabhle 2 represent mean raw scores. As the same tests

were used fcr all subjects, it was hypothesized that
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the results should show developmental trends accarding
to standar:” «f education. However, differences between
the Std 1 and 5 subjects were not as large as expected.
These mean raw scores were 33.73 and 37.59 for regular
words, 32.56 and 36.688 for irregular words and 30.38
and 35.32 for nonwords, respectively. It was then
decided to impose a 20-second time limit for the Std 3
subjects after it had been checked for ceiling effects
with gome of the better S8td 5 readers. The 5td 3 means
were 30,23 for regular words, 29.96 for irregular words
and 24.54 for nonwords.

LEXICAL DECISION TESTS:

The scores for accurate discrimination between word and
nonpseudohomophonas and worda and pscudohomophones
represented the number of items completed correctly
within the time limit. The maximum possgible scores were
50 in both categories, Nonhemophonous and
rseudohomophonous error scores were obtained from the
total number of respective errors made. The lexical
decision test results in Table 2 represent mean raw
scores, The results show developmental trends according
to standard of education. For example, the mean correct
rejections of nonpseudohomophones as being nonwords was
12.28 for the 8td 1 =subjects, 40.04 for the Std 3
subjects and 42.00 for the Std 5 subjects. The mean
number of nonpseudoshomophone errors made by Std 1
sutjects was 5.29, 3.08 for Std 3 subjects, and 1.37
for §td 6 subjects.

Table 3 shows the mean scores and standard deviations
for for complex and simple working memory variables for
each standard. These test results also represent mean

raw SCOoresf.
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TABLE 3
Mean Scores and Standard Deviatlons obtained by Pilot
Subjects on Working HMemory Tests

[emn WORRING NEWONY [HOAKING MEMODY [DIGIT GPAN [WOND GFAN |DOT COUNTING]
READING SPAN |LISTENING SPAN BERK

[

17.56 16,29 8.05 5,39 4.20
§.d1 5.45 0.64 2.16 9.63
7.4 27.58 5.77 5.94 5,54
(.93 B. 83 9.50 1.91 1.01
27,76 21.82 £.20 T4 1.7¢
5.02 5.54 ) 1.86 0.48

[*]

SRR

WORKING MEMORY READING AND LISTENING SPAN:

The sgoore on hoth tests was the number of c¢ue words
recerded in the correct sequence, The maximum possible
score was 36. In each case, results for the 8td 3 and ©
subjects were similar. These were 27,31 and 27.76 for
the reading span test and 27.58 and 27.82 for the
ligtening span test, respectively, This ralsed the
possibility of a ceiling effect.

WORD SPAN:

The score represented the number of words cgorrectly
recorded out of 15 target words in List A. These
scores showed developmental trends according to level
of education. The mean for Std 1 subjects was §.38, for
8td 3 subjects, 6.94 and for Std 5§ subjects, 7.44.

DIGIT SPAN:

This score was the number of digits correctly recorded
Iln sequence. The maximum digilt =span was 8. These
results also appear +to show developmental trenda
according to level of education. The mean for 5td 1
subjects was 6.06, for Std 3 subjects, 5.77 and for Std

§ subjects, 6,28, '
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DOT COUNTING SPAN:

The sBcore was obtained from tbks card-szet in which at
leagt two oif +the three trials had numbers in the
correct order. The total score was 5. The distribution
of mcores for this test again raised the possibility of
a ceiling effect, The mean for Std 1 subjects was 4.28
and for Std 5 subjects, 4.78. It was decided to try
including six- and seven-card sets on the Std 3
subjects, apgain after checking for further ceiling
effects with some of the bhetter Std § readers,
Thereafter, the mean for Std 3 gubjects was 5.54,; which
was higher than that of the Std 5 subjects on the five-
card set.

5.4 DISCUSSION

The aim of the pilot study was to evaluate the test
materinl to be used in the main study. Of the 90
children tested in each standard, it was hoped that
about sixty children in each group would fall within
the "average" stanine category for reading
comprehension, the dependent variable. These children
would then form the representative sample of "normal
readers". However, this sample size was not found for
m+y standard. Figure 6 shows the stanine distribution
within the total Standard 1, 3 and 5 groups. &td 1 and
d subjects scored higher than predicted resulting in =a
skewed distribution. The 3td § subjects scoved lower
than predicted.

Difficulties were encountered with the test materials
and procedures for certain tests. There was little
differentiation between the groups with regard to their
performance on the silent tests of phonology. However,
although the younger children made almos. as many
correct phonological judgements as the older ochildren,
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they had taken longer to complete +the tosts.
Conseguently, a time limit of 20~second was felt to be
advisable to enable the developmental assessment of
phonological coding efficiency and speed of nonlexical
acecess, These skills would be automatic in the older
children, and therefore, they would complete more items
within +the +time limit compared with the youngen
¢hildren.

FIGURE 6
Mean Stanines on Reading Comprehemsion Teats in the
Pilot Study

The working ‘memory reading and listening span tests
showed ceiling cffects in some of the older children,
who managed to recall some oue words in the correct
order in all the four sentence trials. Furthermore,
cheating was a problem during this test, The c¢hildren
had pencils in iheir hands during the acquisition phase
a8 they were required to mark whether the sentences
made scense or not., This tempted some subjects to Jjot
down both the cue words instead of remembering them. To
proevent this from contaminating the data in the main
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study, this sense/nonsense Judgement was omitted.
Thereafter, the children sat with their hands on their
heads while reading or listening to the sentences. In
addition, extra sentences were used for the main study
and the number of trials were reduced to three per
sentence-series.

Many of the Std 5 and some of the S5td 3 children showed
ceiling effects on the dot counting test, Extra card-
sets were added for the main study to evaluate memory
rerformance during this test.

Thus, some of the test materials and procedures were

unsatisfactory. Thesze anomolies were rectified for use
in the main study.
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CHAPTER &
WORKING MEMORY IN READING : MAIN STUDY

6.1 METE J05
6.1.1 Research Design

The same nonexperimental research design used in the
pilot study was again applied. The dependent and
independent variables remained unchanged {(see 5.2.1},

8.,1.2 Subjects

4 totsl of 480 English-speaking 8td 1, 3, and 5§ pupils
were tested in Transvaal Education Department Primary
Schools and were used as a pool for the selection of
subjects. This number included 132 normal pilot study
subjects who were retested on the measures that had
been improved or aw-—uded., This will be discussed below
in detail. A further 67 subjects were selected from the
additional c¢hildren using the same selection criteria
tsee 5.2.2). This increaged the total number of
subjects in the main study to 198, The subjects were
divided into three groups according to their standard
of education, There were 64 Std 1, 76 Std 3 and 60 Std
5 pupils (see Table 4}. The average ages were §5.03,
10.90 and 12.99% years, respectively.

TABLE 4
Subjects included in the Main Study

“STANDARD i N ' MEAN AGE

1 PB4 9,03
3 75 11080
3 60 - 129
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6.1.,3 Materials

In the main study, the same hattery of tests was used
as was administered in the pilot study to assess the
reading, language and memory skills. These included the
following tests:!: reasding and listening comprehension,
vocabulary, silent tests of vphonology, lexieal
decigion, word span and digit span. Details of these
materials can be found in 5.2.3. However, changes were
made to the following:

WORKING MEMORY READING SPAN TEST:

ixtra sentences were included in the practice and test
geries of short sentences and these woare randomly
rearranged, The new sentences complied with the subject
{either an anim or a person), verb and object format.
The number of s=entences in the tesl series was
increased from four to seven (see Appendices T to U).

WORKING MEMORY LISTENING SPAN TEST!

Practice and test series of short sentences similar to
thoae pregented during the reading span test were
congtructed as deacribed above. The number of sentences
in a series was also inereased from four to seven {see
Appendices W to X).

DOT COUNTING SPAN TEST:

The number of card sets used was increased from 15 lo
21 sets and were alsc randomly rearranged. ‘They ranged
from one Lo sceven cards in number in a sel, There were
three trials for each set (see Appendices Zi and ii).

6.1.4 Procedure

Modificalions were algo made to improve test
administration procedures. The children were asked ta
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Place their hands on their heads during all listening
and working memory tesats, thereby removing the
temptation to jot answers down surreptitiously. This
greatly improved the face validity of the resultis.
Other changes included the following:

SILENT TESTS OF FHONOLOGY:

Instructions were the same as before., However, a 10~
second practice list was introduced ag well as a5 time
limit of 20 seconds for each test list irrespective of
standard of education, All the children started and
stopped working at the same time., The lists were not
completed after the time limit had elapsed.

WORKING MEMORY READING SPAN TEST:

There were 8ix different series of two to seven
sentences each. Therefore, the maximum score increased
from 36 to 81, Each series was presented three times so
that the children read and remembered three sets of two
sentences, three sets of three sentences, etec, The
sentences were presented in the same wAay as in the
pilet study. However, the childroen were n  Longer
required to judge and record whether a2 svntence made
sense or not to obviate cheating during the acquisition
pheasea of these tests,

WORKING MEMORY LISTENINR SPAN TEST!:

The procedure wag similar to that of the Reading Span
Test, However, instead of reesding the sentences, tho
children listened while the sentences were read to
them,

DOT COQUNTING SBPAN Tinl.

The cards were presented as specified in the pilot
study. However, the number of cards in & set increased
from one to seven. The maximum score was, therefore, 7.

87



CHAPTER 7
MAIN STUDY RESULTS

7.1 INTRODUCTION

Tegsts of working memory, reading and basic language
akills were used in the main study to assess the S5td 1,
3 and § subje~ts. The working memory measures included
simple digit; word and det span tests and complex
reading and listening span tests. Both component
reading skills, namely phonologicel and corthographic
knowledge, and reading comprehension were tested. The
language tests included measures of vocabulary and
listening comprehension. The data were collected aud
scnred in the same way as in the pilot study (see
gection 5.,2) and further Lotus 123 apread sheets were
compiled., Subjects wers again selected once the data
had been serted according to reading comprehension
stanines. Results from the pilot and main studies were
then combined according to standard of education. Plots
were performed comparing each variable with tne others
using a statistical software package {(SAS Institute
Inc,, 1990) to identify =ubjeats with anocmalous
results, These subjects wsre then excluded from the
final subject groups as their scores might contaminate
the re¢~ults. Initially, the variables used in the main
study were similar to these in the pilet study:

Dependent variable

~ The percentile obtained on dtandardized HSRC Std 1,
3 and 5 reading comprehension testsa. This
percaentile was based on the total number of
gquestions answered correctly by the subjects.
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inde ; arishles

- Phe percentiles obtained on the HSRC 8td 1, 3 and §
listening comprehension and vocabulary tests,
representing the number of duestions answered
correctly in the respective tests.

- The numbar of rhyming and nonrhyming ward-pairs

corractly identified within the 20-second time

limit during the regular and irregular word and

nonword subtests of the silent tests of phonology.

The number of items correctly identified within the

!

Z0~second time limit as real words, nonpseudo-
hoemophones and pseudohomephonés during the lexical
decision tests of orthographie knowledge.

The total number of nonpseudohonovhonous and

pseudohomophonvus errors made on the relevant
lexjicenl decision tests,

The total numher of subjects or objectas reenlled in
the correct sequence during complex reading and
listening span working memory tests,

1

The total number of items yrecalled correctly during
the simple working memory word span test.

The highest anumber of ltems recalled in the correct
sequence during the simple working memory word, digit
and dot counting span teats.

During the course of data analysis it became clear that
the listening comprehension, vocabulary, phonology and
orthographis independent variables acted as mediators
in certain circumstances., Thls wag evident from the
indirect relationships between the working memory
independent variables and the dependent variakle,
reading comprehension, and their direct relationship

with the "mediating variables”, The latter, in tur=,
had direct relationships with the dependert variable.
Therefore, in order to use the above wmodel for

analytical and inferentisl purposes, +the independent
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variables were reorganiged as follows:

iat vari

- The percentiles obtained on the HBRC Std 1, 3 and 5
listening comprehension and vocabulary tests,
representing the number of guestions answered
corregctly in the respective tesis.

~ The number of rhyming end nonrhyming word-pairs
correctly identlfied within the 20-~zecond time
limit during the regular and irregular word and
nonword sut.sts of the silent tests of ! wnology.

-« The nurber uf items Jorrectly identified w#ithin the
20~second time limit as real words, nonpseudo-
homophones and pseudchomophones during ths lexical
decigion tests of erthographic knowledga.

- The tetal) number aof nonpssudohomophonous and
pseudohomorhonous errors made on the pelevant
lexical decision tests.

Independent wvariables

~ The total number of subjects or objects recalled in
the correct sequence during complex reading and
listening span working memory tests.

- The total numhar of jtems recalled correctly during
the simple working memory word aspan test.

~ The highest number of items recalled in the correct
sequence during the simple working memory word,
digit and dot counting span tests.

The data were analysed for within- &and between-~group
differences. Descriptive statisgtical analysesg,
including means, standard deviations and correlations
ware calculated and resultant developmental trends in
working memory and reading skills statistically
investigated by analysis of variance, Thereafter,
regression analyses were carried out teo clarify the
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contribution made by working memory tfo component
reading skills, ather language variables, namely
listening comprehension and vocabulary, and reading
comprehension in children. These eanalyses were
performed using standard software (CSS StatSoft, 19883
SAS Institute Inc., 1990), '

T.2 STATISTICAL ANALYSIS RESULTS
7.2.1 General Deseriptive Statistics

Table 6 shows the mean scores and standard deviations
for reading and language varisbles for each standard.
The reading and listening comprehension, and vocabulary
tests were standardized for each group, and resulta
were expressed as mean percentiles, Developmental
trends ocould, therefore, not be assessed for these
variables.

TABLE §

Mean Scores and Standard Deviationa obtained by
Subjects in the Main Study for Reading and Language
Tests
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The nean percentiles achieved for reading comprehension
by the Std 1, 3 and 5§ subjects were 52,48, 46.98 and
44,06 respectively. These percentiles are equivalent to
a stanine of 6 (range 40 Lo 59), which is clasgified as
average., A simlilar pattern can be seen in the mean
percentileg achieved for vocabularxy (8Std 1: 50,25, Std
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3: 45.55 and Std b6:; 66.38) and again, they are
equivalent to & stanine of 5. With regard to the
listening comprehension, the mean percentile obtained
by 8td 1 (68.69), Std 3 ({54.60) and 5td 5 {36.88)
subjects fell within the 6th {60 to 78), Eth (40 to 58}
and 4th (23 to 39%) stanine ranges respectively.
However, all these stanines are classified as average.

The results of the silent tests of phonology {regular
and irregular word and nonword rhyming Judgementz) and

the lexical decision tests {word wva, nonword
[ nonpseudohomophones and pseudohomophones ]
digcrimination and nonpseudohonrophone and

pseudphomophone errors) in Table § represent mnean raw
scorea., The same tests were used for all subjects, and
the results show developmental trends according to
gtandard of education.

One-way analyses of variance were performed to assess
these trends, and they are illustrated in Figures 7 to
8. The results showed an significant inecreasge in the
mean number of coeorrect regular {F=135.17, df=2, p
<.001) and irregular word (F=126.31, df=2, p <.001) and
nonword (F=76.40, df=2, p <.001) rhyming judgements
made by the 8td 1, Std 3 and 5td 6 =ubjects {see Figure
7). Post hoc analysis using the Tukey (HSD) test
indicated that the performance differences between the
standards were significant for all the silent tests of
phonology {p <.08), Comparisons of the signifiecant
differences using 2«Tailed t-tests showed the
following:

Regular words: 5td 1 va. 8td 3 (t=-6.49, df=74,
P <, 001)
Std 1 vs. 8td 6 {t=-17.09, df=95,
p <.001)}

92



R S

84d 3 vs. Std & {t=-8.58, df=79,
p <.001)

Irregular worda: Std 1 vs. 5td 3 {t=-7.13, df=?4,.

P <.001)
Std 1 va., 5td 6 (t=-14.63, df=86,
p <.001)
Std 3 vs. Std 5§ (t=-6.47, df=79,
p <.001)

Nonwords: Std 1 vs. 8td 3 (t=-5.22, dr=74,
p <.001)
Std 1 vs., Std § (t=-11,91, df=98,
P <.001)
Std 3 vs. Std & (t=~5,67, df=79,
p <.001)

The Std 1 subjects showed nc gignificant differences in
performance between all the silent tests of phonology
{regular wvs. irregular words: t=1.14, df=44, ns;
regular words va. nonwords: t=1.63, df=44, ns;
irregular wards vs. nonwords: t=.52, df=44, ns). The
5td 3 subjects showed no significant differences in
performance between on the regular and irregular words
(t=0.32, df=64, na). However, the differences hetween
regular words and nonwords (t=7.31, df=64, p <,001) and
irregular words and nonwords (t=6.82, df=64, p <.001}
were significant, indicating that they were poorer at
maeking nenword rhyming Judgements than regular or
irregular rhyming judgements. The Std 5 subjects showed
significant differences in performance between all the
silent tests of phonology {(regular vs. irregular words:
t=3,22, df=50, p <.01; regular words ve. nonwords:
t=6,81, df=50, p <.001; irregular words vs. nonwords:
t=4,93, df=50, p <.001). These subjects were bezst at
making regular rhyming judgements, followaed by
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irregular and then nonwords rhyming judgements.
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FIGURE 7

Developmental Changes in Results of the S8ilent Tests of
Phonology for Regulor snd Irregular Word and Nonword
Rhyming Judgements. The means are the average number of
caorrect rhyming Jjudgements.

The ability to distinguish between words and nonwords
according to orthographic rules also increased
significantly according to level of education between
all standards {words va, nonpseudohomaophones :
F=164.43, 4f=2, ¥ <.001 and words ves. paevdohomo-
phones : F=1i5.73. daf=2, p <.001) (Tukey [HSD}, p 4£.05)
{see Figure 8). Conparisons of these aignificant
differences using 2-Tailed t-tests showed the
following:

Words vs. non- : Std t vs, Std 3 (t=-8.,18, d4f=74,

psaudohomephones n <.001)
. Std 1 vs. 8td 5 (t=~18.R0, df=96,

p <.001)
8td 9 vs, 5td 6 (t=~8.76, df=T79,

p <.001)
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Words vs. : 8td 1 vs, S5td 3 {t=-8004’ df=74’
psendohomophones p <.001)
Std 1 va, Std § (t=~14,00, df=96,

p <.001)

5td 3 vs., 8td 5 (t=-5.62, df=78,

p <,001)
45
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FIGURE 8 ]
Developmental Changes in Results of the Lexical
Decizion Tests of Orthography. The means are thae
average number of correct discriminations between words
and pscudochomophones and nonpseudchomophones.

The Std 1 subjects showed ne significant differences in
the ability to discriminate botween words and the two
kinds e¢f nonwords, namely nonpseudchomophones and
psoudohomophones {t=~,51, df=44, ns). The Std 3 and Std
5 subjects were aignificantly better at distinguishing
betweon worda wversus nonpseudohomophones than words
varsus pseudchomophones (Std 3: t=3.49, df=64, p <.001;
gtd 6: t=5.90, df=80, p <.001). There were invarse
decreages iin the number of nonpseudohomophone (F=60,75,
df=2, p <.001) and pseudohomophone (F=74.49, df=2, »p
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<,001) errors (see Figure g) with significant
differences between all standards (Tukey [HSD], ©p
<,068), Comparisons of these significant differences
usging Z-Tailed L-tests showed the following!

Nonpseudohomo- : Std 1 va, Std 3§ {(ts3,80, 4f=74,
phone errors p <.001}
Std 1 vz, 8td § {(t=B,60, df=86,
p <.001)
Std 9 vs., Std 5 (t=4,76, df=79,
P <.,001)

Pgeudohomor : 8td 1 vs, S5td 3 (t=4.80, df=74,

vhone errors p <.001)
8td 1 va. Std b (t=8,30, df=84,
8td 3 vs, Std & (t=2.71, df=79,
10 T -
B R L T T g S —-
7:,......4_ O
61""""‘“‘"“"“""""" e e A e e bk ke ¢ e A s ]
% 39 ...4-.-,........-.:::&..{ :.-m. ki Sur AN G A s € et e, ]
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FIGURE &

Doevelopmental Changes in Results of Nonpseudohomorl.one
and Pscudohomophone Lexical Brrors. The mesrs apre  the
average number of errors.
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The St¢d 1, 8 and 6 subjects all made significantly more
. pseudohomophone than nonpseudohomophone ervors (Std 1:
t=-6.63, df=44, p <.001; Std 3: t=-5.08, df=64, p <
.001; std 5: t=-8.61, df=50, p <.001}.

Tuble 6 shows the mean scores and standard deviations
for complex and simple working memory variables for
each standard. These test results also represent mean
raw scores and, with the exception of the dot vounting
spun test, show gignificant developmental trends,

TABLE 6
Heagn Scores and BStandard devistions obtained by
Subjects in the Main Study for Working Memory Tests

1 n’"!ﬁmﬁi’m HeboRY NGRKIHG IEHORY J0RGT SPAN [NORD GEAR [DoT COUWRTHG
a READING GEMI  LIGYENIRG SPA B2AN
Dopeani 1,36 b 1503 [ 529 L 8.0 ) 463 ]
]:nl;“ 1,32 6.4 0,56 1,02 8.83
3 13,93 20,45 5,62 6.5 5,62
N - 0 SRR | U S Y | IR SO0, 15 WO O 1.0 NOY UL, S
5 {hEAR 34,63 .12 §,28 7,41 5.87
£D 9,65 790 0,18 2,12 0.50 :
AT A 1S T D I T T B R Y B.M
ge | 1088 | 10,24 0,19 2,10 1.02

The Std 6 subjects recalled more target subject or
object words (x = 34.69) during the complex reading
span test (F= 45,09, df=2, p <,001) than the Std 1 (% =
17,96) and B8td 3 subjects (x = 29,93}, These
developmental differences (see Figure 10} were found to
be significant between the 8td 1 and 3, and Std 1 and 5
subjects using the Tukey (HSD) test (p <.08).
Significant developmental differences obtained for the
camplex listoning span test (F=63.38, df=3, p <.001}
can alsc be ascribed to differencea between 8td 1 (x =
15,08 and 8td 3, and 8td 1 and 8td § subjects {Tukey
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(HS8D), P < .05), Comparisons of these signifinant
differences using 2-Tailed t-tezts showed the
following: :

Reading Span : 5td 1 vs. Std 3 (t=~T7.12, df=T74,
r <.601)
Std L ve. Std & (t=-9,27, df=96,
p <.00%)

Listening Span : 8td 1 vs. 5td 3 (t=-7.34, df=74,

p <.001)
Std 1 va. Std 5 (t=""1°a 98’ df=96'
P <.001)

w -

-t
1% i 4
STRNDARD

[~ faading Bpen = Listning Span |

FIGURE 10

Developmental Changes in Resulta of the Complex Working
Memory Reading and Listening Span Tests. The means are
the average numbey of items recalled in e corrzot
order.

DMifferences between 8Std § and Std 6 subjects on the
complex roading syran for recalling target subjeet or
objoct words were not significant (b=~1.,29, dfe79, ns}.
Thare were also no significant differonces between the
8td 3 (u = 28.46) aud Std 5 subjects (x = 31.12) én the
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recall of target subject or ehject words on the complex
listening span test {t=-1,uf, df=%9, ns). None of the
differences between reading and listening span resylte
within the Std 1, 3 and § groups were significant (Std
1;: t=3,28, df=44, ns; Std 3: t=1.,11, df=64, ns; Std 5:
t=2.62, df=50, ns}.

Recall for digits {x = 6.28) and words (x = 7.8l) was
superior in the Std 5 subjects compared with both the
Std 3 (digits x = 5.82; words x = 6,76} and Std 1
subjects (digits x = 6.29; words x = 5.40} during the
simple digit (F=22.31, df=2, r <.001) and word
(F=13.42, df=2, P <.001) span  tests, These
developmental differences were significant for all
standards for the digit span test (Tukey [(HSD] p <.08)
With regard to the word span test, +the developmental
differences occurred between the Std 1 and Std 5, and
Std 3 and Std 5 subjects. The S5td 3 (x = 5.62) and 8td
§ subjects (x = 5.57) recalled a similar number of dots
during the dot counting span whereas the Std 1 subjects
only recalled a mean of 4.63 dots, Nevertheless, these
resu at,ill gshowed a positive developmental increase
between the 8Std 1 and 3, and Std 1 and 5 subjects
{F=14,94, df=2, p <.001} (see Figure 11). Conparisons
of these significant differences using 2-Tailed t-tests
showed the feollowing:

Digit Span : Std 1 vs. Std 3 (t=-2.66, df=74, p <.01}
5td 1 vs, Std B (t=-8.83, dfe86, } <.001)

Word Span H std 1 va, Std ] (t=“5144’ df=96‘ P <|001)
Std 3 ve., Std 5 {t=-3,8), df=79, p <.01)

Dot Counting: Std 1 ve. Std 3 (t=-5,16, df=74, p <.001)
Span gtd 1 vas., $td § (t=-6.24, 4f=86, p <.001)
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FIGURE 11

Developmental Changes in Results of the Digit, Word and
Dot Counting Span Tests. The means are the number of
items correctly recalled.

The Std 1 subjects recalled fewer dota than elither
digits (t=5.45, df=44, p <.001) or words {t=3,386,
df=44, p <.01), Immediate memory span for words was
superior to that of digits (t=-4,63, df=64, p <.00L1}
and dots (t=4.78, df=64, p <.001) for <the Std 3
subjects, However;,; their immediste memory span for
digitec and dots did not differ significantly (t=1,20,
é¢f=64, ns). Immediate word span was superior to digit
{t=-5,28, df=560, p <.001) and dot counting span

{t= 7.18, df=50, p <.001}, and digit «.an, in turn, was
superior to dot counting span {t=4,17, df=50, p <.001)
in the Std § subjects.

7.2.2 Correlations

Pearson Preduct Moment correlation ceefficients were
firgt caleulated between all variables for Std 1, 3,
and 6 subjects soparately. Correlation matrices are

shown in Tables 7, 8, 9. Significant trends within

100



standards, which nig. o not be reflected in the combined
group, were analysed., Howsver, subdividing the subjects
sccording to standards would have partialled out +the
effects of level of education, thereby limiting the
rangw of each measure and peossibly attenuating other
important correlations. Therefore, the subjects were
alge analysed as & combined group and these correlation
matrices are shown in Tables 10 and 11.

The working memory reeding and listening span tests
were designed to tap the storage and precessing
functions of working memory. The results indicate that
the only saignificant correlations between reading
comprehension and reading span (r=.27, p <.05), and
between listening comprehension and listening span
(r=,29, p <.05) ocourred within the Std 1 subject
group,

The pattern of significant correlations between working
memery tests and reading and language tests varied
deperwiing on the subject grouvrs. Within standards; word
span correlated signiflcantly with  phonological
oadgements of regular word-pairs for Std 1 (r=.42, p
<,01) and Std 8 subjects (r=,32, p <,01), but not for
the Std § subjects (y= ~,01, ns}. Word $pan also
correlated with listening compyrehension (r=.31, p <.01)
and vphonological Jjudgement of irregular word-pairs
{r=,28, p <.01l) for Std 3 subjactws

Reading and listening sapan working memory reaults
correlated significantly within groups (Std 1: r=.55 p
<.001;: 8td 3: p=.64, p <.,001; Btd 5: r=.,56, p <.001,
reapectively ). With regard to other relaticiships
between +the complex and simple, traditional working
memory tests, the dot counting span correlsted with
reading span within groups (8td 1: r=,29, p <.08; Std
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3: r=,25, p <.06; Std 6: r=.69, p <.001), and with
listening span for Std 3 and 5 subjects (Std 3: r=,32,
P <.01 and Std 6: r=.52, p <.001), Dot counting span
also correlated with digit span for Std ! and 3
subjects {S5td 1: r=.26, p <.05 and Std 3: r=.25, p
<,08),

The results showed interesting differences in the
patterns of significant correlations between atandarus
with regard to +the dependent wvariable, reading
comprehension, and +the medlating wvarisbles, hnamely
listening comprehension, vocsbulary and component
reading =skills, Reading comprehension correlated
gignificantly with listening comprenension  and
vacabulary for all subjects as follows:

i. 8td | listening comprehension! ¥=.3§8, p <.01;
vocabulary: r=.57, p <. 003,
ii. 5td 3 listening comprehension: r=.41, p <.01;
vocabulary: r=.39%, p <.001.
iiis 8td 6 listening comprehensiont: »=.55, p <.001:
vocabulary: r=.43, p <.001.

Reading comprehension alseo worrelated significantly
with all the component reading variables for the §4d 1
subject group. These were silent tests of phonoiogy for
regular {r=.60, p <.001), irregular {r=.50, p <,001),
and nonword word-pairs (r=.62, p <.001) and lexical
decisgion tests of .he ability to reject nonwords
{nonpseudohomophones: r=.51, p <.001; pseudchomocphones:
r=.51, p <.001l)., There was no relationship batween
reading comprehension and regular wordes and nonwords in
the silent tests of phonology for Std 3 subjects. Both
of these phonology tests tap the indirect nonlexical
reading route. However, irregular worda, which tap the
direct or lexical reading route, correlated
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aignificantly with reading comprehension (r=.32,

P 4.01) for these subjlects. As with the Std 1 subjects,
there was a significant correlation between reading
comprehension and lexical decieion tests of the ability
“0¢ reject nonwords [nonpseudohomophonesa: r=.24 p <.05;
and pseudohomophones: r=.24, B <.058). The only
component reading skill which correlated with reading
comprehension for Std § subjects was the ebility to
reject pseudchomephonous nenwords {r=,29, p <.06).
Incorrect acceptances of nonpseudohomophone (e.g woap)
and paeudohomophones'(e.g. kee) in the lexical decision
testa correlated negatively with reading comprehension
for Std 1 (r= -.44, p <.01l and r= ~.58, p <.001,
respectively} and Std 3 subjects {r= -.,24, p <.05 and

r = ~-.42 p <.,01, respectively). Only incorrect
acceptance of nonpseudohr.phanous carrelated
‘negatively with reading comprehension for 5td &
subjects {(r = ~.28, p <.0B).

forrelations for the combined group are shown in Table
10, There were interesting changes in correlation
patterns; particularly between the working memory and
reading tests and between the reading and language.
tegts. Both simple and complex measures of working
memory correlated with all tests of rphonology and
orthography with the exception of dot counting span and
phonological diseriminaticn of nonwords. 8Slgnificent
positive correlation coefficients ranged from .84 (p
<,001) for dot=-counting results and discriminating
between irregular wopd~pairs and .58 (p <.001) between
working memory listening span and lexical deciaions of
nonpseudohomophones., All of the working memory measuraes
correlated with each other.

There was an absence of aignificant correlations
between readlng comprehensicn and tests of phonology

1086



and orthography. However, the relationships bet#een the
HSRC tests, namely reading and listening comprehensian,
and vocabulary may not be mneaningful as these tests
differed from standard to tandard. For example, the
Std 5 tests were constructed and standardized for Std &
pupils, and were more difficult than those constiructed
and standardized for 8td 1 and 3 pupile. However, the
tests of phonoalogy; orthography and working memory were
the same for all subjects and, therefore, =ignificant
correlations may well be meaningful., All the measures
of phonology and orthography correlated significantly
with one another and correlation coefficients ranged
from .80 (p <.001) to .91 {p <.001), Significant
negative correlation coefficients ranged from -.48 {p
<,001) for nonword rhyming Jjudeements and nonpseudo-
homophone errors to -,65 [p <.001) for word/pueudohomo~
rhone diseriminations rnd pseudohomophone errors.

There were significent positive correlations between
a#ge and most of the other variables ranging from .31 (p

<.001) to 13 (p <.001). Exceptiansg included
wignificant negative correlations with reading
comprehension {r= =,23, p <.001) and listening

comprehension {r= ~.84, p <.001},; although they may not
be meaningful for these variables, ar ith nonpseudo-
homophone errora (rs ~.52, p <.001) a. . pseudohomophone
erroryg (r= -,53, p <.001}. The only variable that did
not correlate with age was vocabulary {r=.09, nst.
These resulta may indicate develepmental trends in
tarms of age, possibly in addition to level of
aducation, To test this possibility, the sffects of age
were partialled out and repeat correlation analysenm
were performed {(gee Table 11), In these analyses; the
variables based on standardized HSRC test scores were
gxaluded as these tests were not equivalent bhetween
standards.,
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Certain significant correlations between working memory
and reading resulis appeared to be dependent on age.
Once age wasg rartialled out, gseveral of the
intercorrulations between working memory tests and
component resding skillas were no longer statistically
significant {compare Table 10 with Table 11},
Exceptions were reading and listening spans with
word/nonpseudohomophone and word/pseudohomnophone
lexical decision results, digit and word spans  ..h
making regular word rhyming judgements, dot and word
spans with making nonword rhyming Jjudgements, and dots
with word/nonpgseudohomophone dand word/pssudohomophone
lexical decision results. Word sapan correlated
negatively with pseudohomophone errors, Purtialling out
the effects of sge on component reading skills did not
alter the high intercorrelation patterns. It also had
little effect on the working memory intercorrelations
with the axception of digit span and the twe complex
working memory measures; reading and listening spans.

7.2.2 Regression Analyses

A series of regression analyses were performed to
determine the relative contribution of working memory
to component reading skills, and of the component
reading skills to reading c¢omprehension. The following
questions were posed both within and between standards:

i. Which of the working memory measures

{ independent variables) and component reading and
language skills (mediating variables)} best predicted
reading comprehension (dependent variable).

ii. Which of the working memory measures
{independent variables) best predicted component

reading skills {mediating variables).
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iii. Which of the component reading and language
skills (mediating variables) best predicted reading
veaprehension {dependent variable).

Compayizsons between reading comprehension and the
languaye akills {listening comprehension  and
vocsbulary) and compohnent reading skills (ragular and
irregular word and nonwords rhyming judgments; lexical
access for wordg vs. nonwords}, and between the
language skills {listening comprehension  and
vocabulary)} and component reading skills and working
memory (complex reading and listening spans and simple
digit, word and dot counting spans)l within the
standards showed developmental changes. The Std 1, 3
and § results are discussed below. '

The ability to make regular rhyming Jjudgements
(F=28,35, p <,001}), vocabulary (F=18,07, p <.001) and
the ability to discriminate hatween words and
rseudohoniophones ({F=10.62, p <.01) were gsignificant
predictors of reading comprehension in Std 1 subjects.
Although working memory reading span correlated with
reading comprehension for these subjects (r=.27, p
<.06}, entering reading span into the regression
equation did not account for any significant variance,

An sabaence of pseudohomophanous nonword: errorsa
{F=13.87, p <.001) and listening comprehension (F=6.51,
P <.01) predicted reading comprehension in the Std 3
subjects. In the Std 5 subjects, significant predictora
included listening comprehension (F=20.23, p <.001),
vecabulary {F=7.83, p < ,01), the ability teo
distinguish between words and pseudohomophonea (F=4,05,
p <.06) and a lack of pseudohomophonous nonword errcrs
{Fr=4.63, p ¢,08),
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The effects of age were controlled during the analyses
performed on the ¢ombined group. When all working
memory and component reading skill variakles were
entered into the eguation, the lack of pseudchomophone
errors (F=14,03, p <.001) and the ability to make
nonwerd rhyming judgements (F=5.79, p <.05} were the
best predictors of reading comprehension. These
variables gave the gEame results when reading
comprehension was regressed against componesnt skills.,
The regreasion analysis of complex and simple working
memory and reading comprehension yieldsd no szignificant
results. However, when component reading skills were
regressed against these working memory skills, there
were several significant results., Digit wspan was a
significant predicter for tests of phonology coding
(Regular words: F=4.74, p <.08; nonwords: Fz13,85, p
£,001). Word span was the best predictor of making
regular word rhyming Jjudgements (F=8.79, p <.01), and
contributed towards & lack of pseudchomophone errors
(F=,98, p <.05). Reading span was the best predictor of
being able to discriminate between words and nonpseudo~
homophones end pseudohomophones (F= 14.87, o <.001:
F=18.368, p <.001}.

7.3 SUMMARY OF RESULTS
The results will be summarized according to  the
hypotheses. These will be restated for the reader's
convenience,
i. There will be a significant relationship betwean
performance on complex and traditional working memory

apan tests and tests of reading comprehension,.

The working memnry resding aspan test only oorrelated
with reading comprehension in the 8td 1 subjects. When
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reading span was forced inte a regression equation
against reading comprehension, reading span Ffailed to
account for any gignificant variance. Thus, the complex
working memory tests wuwsed in this study failed +to
predict reading comprehensien in any of the subject
groups. None of the traditional measures of working
remary, namely the word, digit and dot counting span
raelated to reading comprehension. Therefore, the sbove
hypothesis c¢ould not be unequivocally accepted.

ii. There will be significant relationships between
all tests of working memory involving symbolic coding
and tests of component reading skills,

Reading and. listening span correlated significantly

with the following:

- distinguishing between words and nonwords (both
nanpseudohomophones and pseudchomophones) for the
combined group (with the effects of age partialled
out), Reading span wasg a sgignificant predictor in
each case.

Word spanh correlated significantly with the fellowing:

~ regular word rhyming Jjudgements 1in the Std 1 and 3
subjects;

-~ irregular word rhyming judgements in the Std 3
subjects: .

- rejecting nonpseudohomophone errors in the Std 1
subjecta}

~ rajecting pseudohomophone errors in the Std &
subjects and the combined group with effects of age
partialled sut,

Digit span correlated significantly with the folloéwing:
- regular word rhyming judgements in the ¢ombined group

with effects of age partialled out;
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- nonword rhyming judgements in the combined group with
effects of age partialled out; '

Dot counting span correlated significantly with the

. following:

~ regular word rhyming judgements in the Std §
subjects}

- irregular word rhyming Jjudgements in the Std 5
subjects;

- nonword rhyming Judgemehts in the S5td § subjects and
in the combtined group with effects of age partialled
out;

- distinguizhing between words and nonwords (both
nonpseudohomophcenes and pseudohomophones) in the Std
§ subjects and in the combined subjeoct group with the
effects of age partialled out.

Thus, all the working memory tests correlated with one
or mere measures of component reading skills. This
hypothegis was accepted.

iii. There will be & significant relationaship
hetween listening comprehension, vocabulary and
regding comprehension.

Vocabulary and listening comprehension correlated with
reading comprehension in the Std 1, 3 and 5 subjeots.
Vocabulary was a significant predictor of reading
comprehension in the §td 1 and 5 subjects, and
listening comprehension, in the Std 3 and 6 subjects.
This hypothesis was accepled,

iv, There will be significant relatiuvnships between
component reading skills and reading comprehensio s,
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~ All measures of component reading skills correlated
significantly with reading comprehension in the Std 1
subjectsa. Regular word rhyming judgements and the
ability to reject pseudohomophone errors were
significant predictors of reading comprehension in
this group.

~ In the Std 3 subjects, irrepgular rhyming Judgements
and all the lexical dec¢ision tests correlated
gignificantly with reading comprehension. The ability
to reject pseudohomophone errors was alzo a
significant predictor of reading comprehension in
this group.

- The ability to distinguish between words and
pseudohomophones and to reject nonpseudohomophone
errors correlated significantly with reading
comprehension in the Std § subjects. The former
ability and the ability to reject paeudohomophone
errors were significant predictors of reading
comprehension in this group. This hypothesis was
accepted.

v. There will be a significant relationship
betwaen working memory, listening comprehension and
vecabulary.

The working memory listening span correlated with
listening comprehension in the 5td 1 subjects. No other
working Renory results correlated with listening
comprehension, and no working memory results correlated
with vocabulary.

vi. There will be a significant relationship

between traditional tests of working memory and the
conplex memory span tests.
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There were significant intercorrelations between all
these testa for the combined subject group with the
effecta of age partialled out. Word span correlated
with listeniag span in the Std 5 subjects. In the Std
1, 3 and 5 subjects, dot counting span correlated
significantly with reading span, in the Std 3 and 3}
subjects, it correlated with listening span, and in 5td
3 subjects, it correlated with digit span. This
hypothesis was accepted.

vii. There will be developmental differences in
working memory and reading tests.

The following significant developmental differences
were found and this hypoethesis was accepted:

- working memory span for target subjects eand objeats
in the complex reading and listening span teats
between the S5td 1 and 3, and 8td 1 and 6 subjects;

- segquential retention and recall of digits during the
digit span test for all subjects;

- short-term retention and recall for words during the
word span test between the Std 1 and 5, and Std 3 and
5 subjects;

" - short-term sequential retention and recall for the
number of dots in card setm during the dot counting
span test between Std 1 and 3 and Std 1 and §
subjects|

- making rhyming Jjudgements - between all subject
groups for regular and irregular words and nonwords;

- distingulshing words froam nonpseudohomophonoug and
pseudohomophonous nonwords between all subject
groups;

- rejecting nonpseudohomophounous and pseudochomgphonous
erroras between all subject groups.
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CHAPTER 8
DISCUSSION

8.1 GENERAL OVERVIEW

This study aimed teo investigate the role of working
memory, using traditional and complex span teste, in
reading comprehension and other component reading
gkills in children of variocous ages. Furthermore, the
role played by component reeding skillz and language
abilities, namely listening comprehension and
vocabulary, in reading comprehension were assesged.
This study was undertaken Ffrom a developmental
perspective and all the data were analysed for
developmental trends. The »results are discussed and
interpreted based on the models of working memory,

reading comprehension and reading development presented
in previous chapters. In the following discussion, the
cambined =subject group’s regults are those where the
effects of age were partialled out unless otherwise
specified, Implications of the results are discussed
followed by suggestions for future regearch. The
results sre then summarized and conclusions drawn.

8.2 DISCUSSION OF WORKING MEMCRY RESULTS

8.2.1 Working memory in Reading
(a) Working Memory and Reading Comprehension
{1} Complex Working Memary Tests

With the exception of the Std 1 subjects, the complex

measgures of working memory, namely reading and
listening spans, did not correlate gignificantly with,
o predict, the dependent variabhle, reading
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comprehension. When reading span was entered into the
regression equation, it failed to account feor any
significant variance in the Std 1 subjects. Thus, the
hypothesis that complex measures of working memory, as
measurad by the present versions of reading and
listening span tests, would predict reading
comprehension cannot be accepted unequivecally.

Previous presesrch intoc the role of working memory in
reading comprehension in adults and children found
gignificant correlations between complex meamory span
teets and reading comprehension {Baddeley et al, 19854
Daneman & Carpenter, 1980; Dixon, LeFevre, & Twilley,
1988; Mason & Miller, 1983; Torgeson, Rashotte, &
Greenstein, 1988). Working memory, a8 measured by these
tests, was also a significant predictor of reading
comprehension. The present study did not replicate
these findings in all of tw- subject groups,

The complex working memory span tests were adapted from
those used by Baddeley et al. {1985)., They were aimed
at tapping the high~level storage and pracessing
functions of working memory similar to those required
during reading comprehension. However, the results of
this study suggest that the complex working memory =pan
tests relate to lower-level processing and storage
functiona inveolved in lexical access in reading.
According to the W, Kintsch and van Dijk (1978, 1983)
model of resding comprehension, these lower-level
processes contribute teo mierostructural preocessing
functions, which may take place in +the 3zhonglogical
" loop of tLhe Baddeley model of working memory (1986,
1990}, This may explain why there was a relationship
between these couwplex working memory span tests and
veading comprehension in the younger, and not in the
older, subject groups.

118



Firstly, the Std 1 subjects appeared to be in a
transition phase between the phonologlcal-recading or
alphabetic, and the orthograpbic, reading stages
{Feith, 1985; Harris & Coltheart, 1886; Seymour &
MacGregoar, 1984), Their results sugdgest that they
relied to & large extent on indirect/nonlexical, but
alao used direct/lexical, reading strategies. Howevar,
retrieving semantic representations of words from print
via phonolegical coding and lexical access for the
purpose of creating a coherent text base may not yai he
an  automatic process in these subjeets. It seems
likely, therefore, that they allocated considerable
storage apace to lower-level processing during reading
comprehension and made limited use of high~level text
processing. Conseguently, the phonological loop would
still play an important role in reading in these
children at their phase of reading development. The Std
3 and 5 subjects, on the other hand, appearsd te be in
the orthographic reading stage (Frith, 18853 Harris &
Coltheart, 198R; Seymour & MacGregor, 1984}, Semantic
access would .o sautomatic 1in these children and,
therefore, reading comprehension would tap storage and
procassing in the phonological loop to & lesser degree,

Secondly, Judging from the mouth movements ohserved
while testing the Std 1 subjects, +they probably
suhvocalized {a function of the articulatory contrel
procesg in the phonological loop) while reading both
the comprehension test pasaages and the gmentences in
the reading span test. It is possible, therefore, that
the reading span task reflected the way in which they
read far more closely than it did the reading
astrategles used by the older children.

Lastly, 1t is poasible the all the subjects approached
the complex reading and listening span tests in the

119



same way a8 the traditional working memory tests, that
is, by decoding; rehearsing and storing sequences of
items. High-leval cor macrostructural processing, such
es making inferences and generslizations, which are
important for reading comprehension (Kintsch, W. & van
Iijk, 19678, wvan DijJk and Kintsoh, ¥., 1983), were not
roequired. As macroprocessing of text develops with
reading eoxperience {(Xintsch, E., 198%); the sage—
appropriate reading comprehension tests for the Std 3
and § subjecte would require them to make more use of
high-level proceasing. Therefera, the complex working
memory span and reading comprehension tests probably
meaoured different levels of cognitive processing in
these subjects, This may account for the abeence of
caorrelations between these testa in the older children.

{i1) Traditional Working Memory Teats

None of the traditional measures of working mamory,
namely the word, digit and dot counting spans,
correlated with reading comprehension. Word span,
involving verbal memory ceding (Talley,  1888)
accredited %o the phonolegical Looup, fatled to
correlate with reading comprehension. Thiz way be due
to the hypotheais that reading comprehonsion algo
involves the storage and ﬁrocesaing functions of the
central exscutive in addition to the phonslogical losp.

Tho lack of aignificant relationships baetwean
traditional word span tests and reading comprehonsion
concura with the findings of Daneman and Carpsnter
(1880} in adult subjects. Howevnr, thase results are
contrary to thogse reported by La Pointe and Engle
{19%0), who found that their simple werd apan teshts
compared favourably with the complex working memory
gpan teste in predieting reading comprehension. In
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"these studies (La.Pointe & Engle, 1980}, the word span
tests were presented on computer moniters. In the
pregent study and that of Daneman and Carpenter (1980},
they were presented auditorily. These differences in
the input modality (i.e., visual vs, auditory) may have
introduced confounding variables that account for the
disarepancy in the resulte. These variables probably
include visual processing skills, which would have bween
required to decode the printed words in the word span
tests and the printed text in reading comprehension
tasts in the La Pointe and Engle (1990} studies.

An absence of significant correlations between digit
span and reading comprehension in the present study is
in line with results of studies in children, where age,
intelligence and attention epan  were controlled
(Boweras, Steffy, & Swanson, 1988), and in adults
{Dixon, LeFevre, & Twllley, 1988}, Dot counting apan
alse falled to correlate with »eading comprehension,
However, %Laddeley et al. (1985} and Slegel and Ryan
(1989) found +that dot counting span correlated weakly
with reading comprehension in adults and c¢hildren
respectively. Initially Baddeley et al. (1985)
postulated that the dot counting span was a measire of
a general central executive vrather than a specific
language DProcessar, However, they ooncaded that,
because articulatory suppression interfered with
acounting, the dot counting span might rely on the
phonologicel loop and not the cantral executive. This
concegrlon concurs with the results of the present
stddy. which suggest that the dot counting span relies
on sltorage and processing occurring in the phonologieal
loop.
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{(b) Working Memory and Component Reading Skills
{i) Complex Working Memory Tests

Both the reading and listeptist span tests correlated
with, and in some casea predicted, certain component
reading skills, Reading span correlated with all the
gilent tests of phonoleogy (i.e., rhyming judgemvnts of
regular and irregular words and nonwords) ‘n the Std B
subjects, and with the ability teo distinguirh between
words and pseudohomophonous nonwords in the Std 1 and
S5td 5 subjects. It also correlated with, and wes =&
significant predictor of, +the abllity to distinguish
between words and non+.eudohomophones and pseudo-
homephonas in the o¢c.oined subject group. Listening
span correlated with the ability to diatinguish between
words and nonpseudchomophones in 8Std 5§ sublectz and
between words and nonpesudohomophones and pseudo-
hommophones in the combined subject group:. It also
correlated with the ablility te reject nonpseudo~
homophonous errors in Std & subjects.

Thus, there appears to be some relationship between the
processes involved the reading and listening span tests
and lexical access for words in children. The latter
includes sgpeed of lexical access and word specific
knowledge, hoth of which are n-cessary to differentiate
hetween words and nonwords that sound or leok like
words, but that are apelt incorrectiy. Significant
relationships between the complex woarking nemory
listening and reading span tesats &nd lexical decision
tegte were previously reported in adult subjecta by
Baddeley et al, (1985} and Dixon, LeFevre, and Twilley
(1988} reapectively). It is feasible that the
explanatien given by Baddeley et al. (1886) of a common
component underlying these abilities, possibly
information proceesing speed, 18 also applicable in the
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pregent study.

In addition te +thiz, it has been sugdgested that
children, who are normal readers, "... derived and
utilized phonological information when making lexical
decigions" {Johnston, Rugg, & Scott, 1988, p. 118) and
when reading for meaning. The question of prelexical
phonological coding (Coltheart, Besner, Jonasson, &%
Davelaar, 1979} is discussed in greater detail in
section 8,3,1. Nevertheless, it may also account for
the relationship between reading span and the silent
tests of phonology in the Std § subjects, as well as
for the relationships between resding span and the
loxical decision tests in the subjects as a whole.

{ii) Traditional Working Memory Tests

The traditional working memory span measures used in
this study involved shert-term storage of, and subvocal
rehearsal or phonological coding teo maintain, memory
traces, Therefore, theoretically they tapped the
phonological short-term store and articulatory control
process in the phonological loop., It has been suggested
that the phonolegical loop is also involved in reading
and language microprocessing and stoerage {Baddeley,
19867 Baddeley, Vallar, & Wilson, 1987; Daneman, 1987;
Ellis, 1990; Gathercele, 1980). However, the pattern of
significant correlations obtained  between the
traditional working memory measkures and reading and
language tests varied depending on the age of the
subject groups.

Word span correlated significantly with the silent
tests of phonology for regular word-pairs in the Std 1
and Std 3 subjects, and for irregular word-pairs in the
Std 3 subjects. Word apan was also a significant
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pradictdr of the ability to make reguler and irregular
word vrhyming Jjudgements in the Std 1 subjects, ‘and
ragular word rhyming judgementg for the group az a
whole. These results appear to support the view of
Talley (1988) that word span involves verbal
{phoneclegical) coding,

Praviougly, Dixon, LeFevre, and Twilley (1988) found no
relationship between measures of word span and lexical
decision in adults. However, in the present study, word
span correlated negatively with; and predicted the
ability +to reject, nonpseudohomophone errors in Std 1
subjects. In other words, those children who made many
nonpseudohomophone ervors performed poorly on the word
gpan test and vice versa. Word span also correlated
gignificantly with the ability to reject pseude-
homophone errors in 8td § subjects and in the oombined
subject group, and significantly predicted this ability
in the latter. These results raise the possibility of
comiion componants oecurring in beth werd span and
lexical decision tests, and may alse invelve prelexical
versus lexical accesg to be discussed in section 8.3.,1,

Word span correlated significantly with 1llstening
comprehension in the Std 3 subjects. A possible reason
for this relationship may be that successful recall
during word span entails Fforming asscclatliong with
previously stored knowledge, for example, linking words
that hava gomething in common, in additien to
rehearsal; chunking, processing and storage. However,
the lack of similar correlations in the other subJects,
especially the 8td 6 group, cannot be explained,

Digit span also correlated with conponent reading
skills., Firstly, 1t correlated significantly with all
the sallent tesgts of phonology, namely, regular and
irregular word and nonword rhyming Jjudgements in the
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Std B subjects, and with regular word and nonword
rhyring Jjudgements in the combined group., Digit span
wasd a significant predictor of nonword rhyming
Juddements in the Std 5 and the combined subject
groups, and of regular word rhyming Jjudgements in the
latter, These results are in line with those reported
by Bowers, Steffy and Tate (1988), who found a
significant relationship between digit span and word
attack or phonological reading gtrategies, These
researchers postulated an interaction bhetween aszpects
of the phonclegical ghort-term store measured by digit
span and phonological coding. This may also explain the
relationships between digit span and silent tests of
phonology in the present study,

Secondly, digit apan correlated significantly with
lexical decision tests, inveolving +the discriminaticon
hetween words and nonpseudohoemophonous and pseudo-
homophonous nonwerds, in the Std & subjects. This may
indicate a relationship between short-term store and
information procegsing speed involved in both immediate
sequential digit recall and lexical access., These
results differed from those reported by Dixen, LeFevre,
and Twilley (1988}, whe found no relationships between
mezsuresy of digit span and lexical decimion in adults.
This contradiction is surprising as both subject groups
should use lexlcal reading strategles, althougzh the Std
5 readeys may net be as experienced as the adult
readers.,

Dot counting g8pan pradicted and correlated
significantly with regular and irregular word and
nonword rhyming judgements in the Std 5 subjects, and
nenword rhyming judgements in the combined group. It is
possible, therefore, that dot counting involves similar
artlculatory contrel processes and short-term storage
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a8 phonological coding and short-term store in word-
reading in the older children, Dot counting span alse
predicted and correlated asignificantly with the ability
to distingulsh between words sand nonpseudohomophonous
and pseudchomophonous nonwords in the Std § subjects,
and correlated significantly with this ability in the
combined group. This may again indiocate the presence of
a common underlying component, ©poasibly informaticn

processing speed,
{c} Coneclusions

In general, both complex and traditional working memory
span measures correlated with component reading skills.
The latter involve lower-level processing necessary for
reading comprehension, which together with working
memory +test mey involve the phonological locp. The
sattern of these correlationas differs between the
subject groups, probably depending on the nature if the
storage and processing functions they use to perform
the memery and reading tasks.

8.2.2 Working Memory in General
(a) Helationships between Complex and
Traditional Working Memory Tests

There were significant intercorrelations between the
traditional and complex working memory tests for the
combined subject group. Thus the hypothesis that there
would be significant relationships between the
traditional and complex working memory measures wam
accepted.

Reading span correlated with 1listening span in all
subject groups, &8s was the case in the Daneman and

Carpenter {(1980) study. They suggested that this
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indicated a common comprehension factor. In this study,
there were no significant correlationg between these
complex sSpan tests and reading and listening
comprehension in mogt of the =aubject groups and,
therefore, a common comprehension factor appears
unlikely. Instead, these tests appear to indicate
commorn storage and processing funetions occurring in
the phonological loop.

Word span correlsted with listening span within the Std
6 subjects. Beth of these tests involved auditory input
into the phonclogical locop and its subvecal rehearsal
and short-term store. The lack of similar relaitlonshlpa
in the 8td 1 and 23 subjects cannot be explained. Digit
span failed to correlate with any of the ocomplex span
teats. This may be due to Jdifferencey In the symbolie
processing used, namely, linguistic for +the complex
span tests and numerical for the digit span test,

In each subject group, the dot counting span correlated
with either one or both of the complex spans. In the
5td 1, 3 and 5 subjects, dot counting span correlated
significantly with reading apan, and in the Std 3 and §
subjects, 1t correlated with Listening span. Case,
Kurland and Goldberg (1982) postulated that the dot
counting span was a meagure of simultaneous
nonverbal/spatial storage and processing functions in
working memory. Baddeley et al, (1986) hypothesized
that these functions prelated to a general central
executive., They also suggested that the language based
reading and listening span tests may relate to either a
general central executive or a separate language
Processor. However, the fact thai. their subjects
counted, 1n other words, used & speech code, whaen
performing the dot counting span, may lnvalidate their
interpretation, and may account for the relationships
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Letween the dot counting span and verbal working memory
measures. The rTesults of thig study suggest that both
the dot counting and the complex spen tests utilize the
storage and processing fun-tions of the phonological
loop.

{b} Relationships between Traditional Tests

Dot counting aspan correlated with digit span in both
the Std 1 and Std 3 subjects. Both the digit and dot
counting span tests invdlved the symbolic processing of
number sequences and required subvecal articulation,
rehearsal and short-term store., The lack of a gmimilar
relationship in the Std § subjects may indicate
increased automaticity for arithmetical operations in
the older children. However, this postulation cannut be
confirmed using the present data. The numerical span
tests correlated with the word span measzure, hareby
gupporting the popular hypothesis that both are
indicators of short-term memory span {Lezak, 1983),
probably involving the phonological loop.

The results of this study suggest a relationship
between phonological coding, information procesgsing
speed and symbolic serial learning tasks, namely, the
digit, word and dot counting span tests. This raises
the possibility that the same phonological strategies,
probably involving coding, rehearsal and articulation
in addition to short-term storage and item
identification speed, used for processing and
remembering the digit and werd serles are used for
counting and remembering the dot seguences.
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8.3 PISCUSSICN OF READING AND LANGUAGE RESULTS
8.3.1 Component Reading Skills in Reading
Comprehension

The pattern of intercorrelations butween reading
comprehension, the dependent varisble, and the
component reading variables differed between standards
according to reading competence., Thus, the hypothesis
that component reading skills contribute to reading
comprehension was accepted.

Reading comprehension correlated with all the silent
tests of phonology in the Std 1 subject group. These
included regular and irregular word and nonword rhyming
Jjudgements. The regular word and nonword rhyming tests
tap the indirect reading route, and these results are
in line with a model of the development of phonological
skills in reading and spelling (Cataldo & Ellis, 1988),
This model suggests that explicit phonological
awareness, implying the use of an analytical sound
decoding strategies, becomes e an important
contributor to reading" (p. 99, ibid.) during the
second and third years of formal education. Using these
strategies, children apply letter-sound correspondence
rules when reading words and nonwords and map the
resultant sound saquences to their pronunciation. The
meaning of words, mnecessary for reading comvrehension,
is saccessed from the lexicon via their pronunciation,
Their abillty to Judge whether nonwords rhymed or not
indicates their ability to generalize knowledge of
letter~sound relationships {(Gaskina, Downer, Anderson,
Cunningham, Gaskins, & Schommer, 1988). The tests of
irregular word rhyming judgementsz, on the other hand,
tap the direct or lexical reading route and cannot be
performed by applying letter-sound correspondence
rulea. Pronunciation and meaning of irregular worda is
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specific to their orthogravhic representations. The
relationship between the irregular words and reading
comprehension suggest that the Std 1 subjects used
lexical reading strategies to read familiar, high
frequency irregular words.

There were no significant relastionships betwsen reading
conprehension and regular words and nonwords in the
silent tests of phonology in Std 2 sibjecta. However,
irregular words correlated significan:ly with readiug
comprehension for these subjectuy indicating the
relative jmportance of accessing phonology and meaning
via the lexical reading route. None of the silent tests
of phonology corralated with reading comprehension in
the Std 5 pupils wuggesting a reliance on orthographic
rather than phonological reading strategies.

There were significant correlations between reading
comprehension and lexical decinion tests of words
varsus nonpseudohomophonous (visually similar} and
pseudohomophencus {phonologically similar) nonwords in
the Std 1 and 3 subjocts and between lexical access for
words versus pseudchomophones in the Std b subject
group. Nonpseudohomophonous and pseudohomophonous
errors in the lexical decision tests correlated
negatively with readinpg comprehension for Std 1 and 3
subjects, which Indicated that the more accomplished
readers made fewer word reading ArLOrs in
rhonolegically and wisually similar nonwords., Only
nonpseudoh :mophonous errors correlated negatively with
reading comprehension for Std 5 subjecis. All subject
g£Toups were more prone to making pseudohomophone +than
nonpseudohomephone errors as was found in 8- and 11-
year-old disabled readers and their chronolegical- and
reading-age controls {Johnston, Rugg, & Scott, 1988},
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Theoretically, +these lexical decision tesbts tap the
direct or lexieal reading route indicating the ability
to recognize worde and reject nonwords, Howaver,
Coltheart, Besgner, Jonagson, and Davelaar (1879)
auggaested that both nonlexical or prelexical
phonological encoding and lexioal reading atrategies
operate in parallel during lexical decision tasks, and
that "... whichever is the fastest on & perticular
trial is regponsible for ..., pronunciation on that
triel" (p. 504)., Therefore, the Putile search for
lexical entries of nonwore: may be long enough for the
slower phonalogical coding to become evident through
the pseudohomophone effect. This effect makes it more
difficult to distinguish between words and pseudo-
homophones than between words and nonpseudohomophones,
and raesults in pseudohomophone than noenpseudochomophone
errors,

8.3.2 Listening Comprehension and Vocabulary in
Reading '

The hypothesis pertaining to correlations  between
raading comprehension, voocabulary and listening
conmprehengion was accepted a8 gignificant
intercorrelations gecurred in all groups. Thagea
findings accord with those reported in adult studies
(Baddeley et al;, 1985; Daneman & Cavpenbter, 1980,
Jackson & MgClelland, 1879) and suggest that semantic
access at word level and the ability to process verbal
discourse are important factors contributing to reading
comprehansion. The corprelation ocefficient  when
comparing reading with listening comprehensior vas .86
(p <.01) in the Std 1 group compared with .41 and .58
in the 8td 3 and § (p <£.001) groups. Thia suggests a
lag in reading comprehensien compared with listening
comprehension in these novice readeprs, which is in
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line with the views of Durrell and Hayves (1970).

8.4 INTERGROUP DIFFERENCES

There are very significant developmental changes in
performance on all the variables measured between
standards suggesating a ©progressive and pervasive
develepmont of cognitive functions. This development
invelved reading, deneral language skills, numeracy,
information processing and memory. Thus, the hypothesis
regarding developmental differences in working memory
and reading was accepted., Of particular interest were
the correlation patterns and the fectors that predicted
reading in the regression analyses.

8.4.1 Intergroup Differences in Working Memory

Significant developmental differences in working memory
results cccurred in both complex and traditional tests.
Working memory span for target subjects and objects ln
the complex reading and listening span tests differed
-significantly between the S8td 1 and 3, and 8td 1 and 5§
subjects, There were no significant differences between
8td 3 and Std 5§ subjects on these complex working
memory tests. Differences between the reading and
Iistening span tests within aubject groupa were also
not significant. These results suggest significant
cognitive working memory development for wvisually and
auditorily oresented sentence material between the
Junior (Std 1) and senior primary subjects (8td 3 wud
5).

Sequential retention and recall of digits improved
significantly in all subjects. Short-term retention and
recall for words improves beusteen the Std 1 and 5, and
Btd 3 and & mubjects, and for the number of dots in
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card seta, between Std 1 and 3 and Std 1 and §
subjects. These results suggested that developmental
increases in the working memory between the younger and
older children depended on the nature of the material
{i.e, words vs. numbers}. Unlile the results reported
by Cohen and Heath {(1890),; word span war greater than
digit span in all subjects. This difference between
word and digit span was statistically significant in
the 8td 3 and § subject groups. This has important
impli ations for the rhonological loop hypothesis and
will + 3sed later in 8.5.4,

In general, the complex and traditional weorking memory
span test results ieproved with age, Theoretically,
both these span tests utilize the articulatory control
processes and the phonolegical short-term store of the
phonological loop. Congeduently, one may expect that
both operational efficiency and short-term span
contribute to working memory Improvement with agae.
However, as neither operational processing sapesd nor
span were contralled, the trade-off between the two
factors cannot be determined for comparison with other
regearch findipgs {e.g, Case, Rurland, & Geoldberg,
1982, and Huttenlocher & Burke (1874).

8.4.2 Intergroup Differences in Reading

Correlation results on the reading tests showed very
interesting davelopmental patterns. According to the
Harris and Coltheart {1988) mode ], of reading
development, the follewing results can be expected when
comparing component reading shilla with reading
comprehensioni

i, A high correlation with vhonology, hut weak
correlations with erthography in Std 1 readers.
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11, Some ecorrelatlion with phonology, passibly with
nonwordsg, but a positive correlation with
orthography in Std 3 readers,

1il, No correlation between phonology and atrong
correlations with orthography in the Std &
readers.

These expected patterns were virtually replicated in
this atudy. The reading comprehension results from Std
subje s, who probably ntill relied to & large extent

the nonlexical route for  reading (Morton &

- irgen,  1980),; correlated significantly with all
ailent measures of phonological coding. Thers were no
aignificant differences in this group's ability to
Judre whether regular words and nonwords rhymed or not,
they had acqulred certain lexical resding skills,
enabling - them teo pronounce irragular words and,
therefore, judge whether these words rhymed or not.,
Howoaver, there was no significant difference between
the 1rregular and +the regular and nonword tests of
phonology, This suggeats that speed and accuragy was
aimilar for all thres tasks. Nevertheless, they still
made many more visual and, particularly, phenological
loxical errors than tha older children, mi:%aking words
for nonwords and vice versa,

The only test of silent phonelogy that correlated with
reading comprehenslon in the $td 3 resders was that of
irregular words, Regular and irregular word-reading in
these childron, therefore, did not appear to tap
phonological coding asg thelr ability te judge whether
regular and irrvegular words rhymed or not wags
significantly better than that for nonwords, which does
tap phonological coding. Instead, it seemr likely that
phonology for words was accessed dirpotly via the
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lexical reading route. Phonology for nonwords, whioch
can only be accessed via the slower nonlexical route,
pignifleantly reduced their performance speed on this
teat. They were better than the 8td 1 subjects at
tigscriminating between words and pseudchomophones and
ronpseudohomophones. Howaver, they alse made more
paeudchomophone than nonpseudohomophone arrars
supggesting prelexical phonological recoding for some of
these nonwords,

Reading oomprehension did not correlate at all with the
silent tests of phonoledy in the Std 5 readers,
However, it did correlate significantly with the
ability to discriminate between pseudohomophones and
words and to reject nonpseudohomophone errora in this
group., This suggests that these children were in the
orthographic (fluent) reading stage, and that they used
the lexical route for reading (Coltheart, Davelaar,
Junasson & Besner, 1877). Thesge results resemble those
indleating that efficient lexical aoccess correlated
highly with fluent reading in adults {(Jackson &
MeClelland, 1979). The Std 5 gsubjects were
significantly better than the 5td 3 and Std 1 subjects
at making rhyming judgements for regular and irregular
words and for nonwords, and at distinguishing between
words and nonwords and rejecting pseudohomeophone and
nonpseudohomophone errora. Nevertheless; they still
demonstrated a pseudohomophone effect by making more
pseudohomophene than nonpseudochomophone errors, This
again suggests prelexical phonological recoding for
aome of these nonwords,

Thus, there was a gignificant improvement in
phonologicnal and lexical processing and a concomitant
decrease in word-reading errors with educatlon and age,
This suggests a progresaive lmprovement i1n word-
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specifiec lexical reading skills, enabling the direct
identification of words and access to their
pronunciation and meaning.

Results of & series of reagresssion analyses to determine
the relative contribution of working nmemory o
component reading skills and comprehension, and of the
component reading skills to reading comprehension
showed similar developmental trends. In the 8td 1
subjects, reading regular words, vocabulary and the
ability to discriminate between words and pseudo-
homophones {words that sound like real words when
applying letter—-sound converaion strategies}  were
significant predictors of reading comprehengion, In the
5td 3 subjects, an improved word-specific knowledge,
resulting in fewer pseudchomophone errors, and
listening comprehension predicted reading
comprehension, BSignificant predictors in the 3Std §
subjects included listening comprehension, vocabulary,
the ability to distinguish between words and
pseudohomophornies.

The signjficant relaticonship between reading and
ligtening comprehension in older children raises the
posgibility that they also made more use of high-level
macrostructural processing. Furthermore, semantic
access Ffor word meanings in the older children using
lexical reading strategles would be more automatic,
thereby freeing working memory storage space for high-
level processing, However, memory storage capacity
alone cannot differentiate reading comprehension
competency, Speed and accuracy of lexical access and
information procedsing efficiency in resading tnsks are
algo necessary.
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Thus, in general, many of the variables show age and/or
level of education effects. Age appeared to be the
single most important predictor of reading
comprehension in the combined group.

8.5 IMPLICATIONS
8.5.1 Introduction

With the exception of the hypotheses involving the

complex working nemory skills and reading
comprehension, all the hypotheses, based on the
development of skills necessary for fluent reading,
(i.e., phonological coding, lexicnl access, word

knowladge, language processing and comprehension and
memory), were accepted on the basis of +the results,
This has important implicatlons in terms of the models
on which this ressarch was based as well as for
understanding ree<ing disebil! .ies.

8.5.2 Working memory and its Role in Reading
(a) Phonclogical Loop and Reading

Phonological coding and auditory short-term store are
interrelated and appear to play a vital role in oral
and written language development {Gathercole &
Baddeley, 1989, 1890}, Phonological coding may alsc
contribute towards working memory storage given that
phonological codes are activated either indlrectly by
subvocal apeech or articulation during wvisual, or
directly during oral, presentations of verbal memory
stimuli {Brady, 1986} Ellis & Large, 1887; Torgesen,
Wagner, Simmons, & Laughon, 1990). Moreover; Ellis
(1890) proposed that reading enhanced the growth of
phonclaogical and auditory short-term memory skills.
These skills, in turn, then promoted the development of
vigual short-term memory for letters and words. In
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addition, the phonological loop appears to be involved
in the development of general language skills,
including vocabulary and listening comprehension
{(Baddeley, Vallar, & Wilgson, 1987; Gathercole &
Baddeley, 1989), which are important contributors to

reading comprehension.

Acvording to the model of working memory (Baddsley,
1886, 19890), phoeneclogical coding and auditory shoxrt-~-
term store occur in the phonological loop. The
traditional working memory tests used in +this study,
namely, the digit, word and dot counting span tests,
involved both these functions. Thesge tegts correlated
significantly with some or all tests of phonological
csomponent reading skills in line with suggestionsz that
the phonelogical loop may he involved 4in reading
{Gathercole & Baddeley, 1989, 1990; Ellis, 1990). The
implications of  these statistically significant
relationships are discussed below,

Firstly, regular word rhyming Jjudgements were the
rrimary predictor of reading comprehension in the Std 1
gubjects, =suggesting that the phonological loop plays
an important role in early reasding development, In this
regard, 1t may be involved in  deriving phonologioal
respregentdations of visually presented words and in
storing them until judgements can be made as to whethepr
they rhyme or not in silent tests of rhonology
{Baddeley, Vallar, & Wilson, 1987).

Secondly, there was evidence of phonological coding in
the older subjects, The higher Incidence of paeudo-
homophone versus nonpseudohomophone errore in the
older, as well as in the younger, c¢hildren indioates
that prelexical phoneological coding occurred during Ghe
lexical decision tests. Therefore, the older children
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appeared to resort to phonological word-reading
strategles when unable to access a lexical entry for a
particular word, and when reading nonwords.

Deficiencies in the phcnnlogioal loop, therefore, may
be implicated in language and reading disabilities.
Firstly, o combination of both phonological ocoding
{articulatory and acoustic) and working memory short-
term store deficits, reported in reading disabled
children (8iegel & Ryan, 1988), may inhibit the
acguisition of direct and indirect reading skills
(Brady, 1986; Ellis & Large, 1987; Torgesen, Wagner,
Simmons, & Laughon, 1990), However, not all reading
disabled children show decoding deficits. According to

Aaron (1991}, children with rnonspecifie  reading
disabilities have adequate decoding skills, but are
poor at reading comprehension. Other  important

mediating variables for reeding comprehension, besildes
phonclogical and orthographic coding skills, tested in
the present study were vocabulary and listening
gomprehenaion. Therefore, deficits in these basic
language skills (vocabulary and listening
comprehension) may underlie comprehension deficits in
children with nonspecific reading disabilities (Aaron,
1981).

Thus the phonological loop may contribute to -

phonological coding and the acquisition of grapheme to
phoneme carrespondence rules in young children. It also
appaars to play a role in +the development of basic
language skiils, namely, vocabulary and listening
conprehensgion, that contribute towards reading. Older,
more fluent readers may alsco make use of the
phonological loop for reading unfamiliar words and
nonwords.
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Daneman (198%) and Daneman and Tardif (1987) found that
the mode in which memory materisl was proceased (i.e.,
symbolic vs, spatial) was a crucial predictive factor
connecting working memory to reading. The working
memory and reading tests used in this study i1nvolved
symbolic procegsing, The posaibility that the
relaﬁionships found in this study indicate a common
gymbolic processing factor, and that phonological loop
may e.- ag a symbolic or language processor, cannob be
excluded, These are disscussed in more detail in the
following section,

(b) Central Executive and Reading

Fluent reading invelves high-level text processing,
which is usually attributed to the central executive.
However, thils was not measured directly by the complex
working memory tests usged in this study, Instead, it
was inferred from the results obtained for other tests,
namely, measures of listening comprehension. The
conplex reading and listening working memory span
tests, devised to assess the storage and processgsing
functions of the central executive, correlated with
lLower-level storage and processing functions usually
attributed to the phonologlcal loop. This may be due to
the nature of the test material, as there were
glgnificant correlations between the complex and
traditional working memory span tests. Macroprocessing
ag such was not required for competent performance,

The older subjects gould, however, process and sgtore
more target ocued arguments in the complex working
memory span tests than younger ones. Theae results are
in line with other findings that younger children
devote more time to decoding at word-level and micro-
structural processing, resulting in limited rescurces
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for storage and attention to higher-level provessing,
such as comprehension (Hess & Radtke, 1881}. However,
the results may alse implicate the mnemonic window in
phonological short-term store in the the phonological
loop postulated by Baddeley, Vallar, and Wilson (1987),
The younger children had a smaller memory span, which
would reduce the number of chunks that could be stored
in the mnemonic window in ordey to understand
discourse. This would have oconsaquences for reading
comprehension, a8 their text processaing skills are net
yet  automatic, and this would limit the available
storage aspace,

Listening comprehension entails similar high-level
processing to réading comprehension, and the results of
these tests correlated significantly for all age
groups, These findings were in line with those reported
by Baddeley et al. {1986} and  Danemah and
Blennerhassett {1984) in adults and children
respectively. However, the relative importance of
listening comprehension as & predictor of reading
comprehensaion differed between the younger and slder
" subject groups. Voscabulary and phonologilcal coding,
rather than listening comprehension, were significant
predictors o¢f reading comprehension in the 8td 1
subject group, In terms of the development of
macroprocessing In reading comprehension (E, Kintsch,
1989), +this suggests that they were still concerned
with processing text at word-level, rather than at a
gsentence~ or paragraph-level. Jue to immature fluent
reading skills, much effort and working memory capacity
would be allocated to lower-level processing. In
addition to these factors, the B5td 1 subjects have
gignificantly smaller mamory spans compared to the Std
d and § subjects., Possikle reasons for this will be
discussed in 8.6.4, Therefore, in general,

141



coimprehension in younger children wnay be restricted by
limited operational efficiency and by the amount of
available memory span'capacity.

Listening comprehension was a significant predictor of
reading comprehension in the Std 3 and Std 5 subject
groups, This suggests an increase in use of
macropracesses, namely, making inferences and
generalizationg from discoursge material to integrate
with prior knowledge. These macroprocesses are ",.., &
major distinguishing characteristic of gkilled readers
vw1y which enable them to relate the ideas in a text
one to ancther and to general knowledge" (Oakhill,
1984, p., 31l), The increase in use of macroprocessses nay
coincide with firatl&, the improved efficiency of
lower-level reading strategies, such as, direct lexical
access during reading, and secondly, the increased
availability of attentional resources {Keenan & Brown,
1984) asscociated with the central executive. These
results appear to support +the hypothesis of the
development of macroprocessing with age (BE. Kintsch,
1989} in normal readers.

The +gultes have important implications for reading
disakled children, Given that children with specific
read.ng disabilities have difficulty in applying lower—
level reading strategies due to cognitive deficits in,
for example, phonological coding, they would have
limited resources available foxr comprehension.
Furthermore, learning disabled children, who can decode
words, but have working memory daficits, will struggle
to retain processed propoeslitions long enough to
integrate them intoe a text base for higher-level
processing (Mann, GQowin, & Schoenheimer, 19893 Qaknill
& Yuill, 19886). Children with nonspecific readind
disabilities due to an underlying language deficlency
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will also have difficulty with reading comprashension.

Tha relabtive contribution made by MACroprocesses,
usually attributed to Lhe central. executive, increasea
with age 4in normal readers. Deficits in reading
comprehension in nonspecific reading disabilities have
been associated with deficiencies in a general oentral
executive (Swanson, Cochran, & Bwers, 1989; Yuill,
Oakhill, & Parking, 1989). Howaver, there iz mounting
evidence Tor two separate Procassors, namely,
verbel/aymbolic and spatial, in working nenory
{Baddeley et al., 1986f{ Daneman, 1987; Daneman &
Tardif, 1987; Waters, Caplan, & Hildebrandt, 18987).
Daneman (1987} and Daneman and Tardif (19887) have
poatulated that these processors may be incorporated in
the twe working memory slave systems, namely, the
phonolugical loop and visual-spatial sketeh pad,
Although differences in symbolie and spatial processing
were not investigated in this study, the results
suggest that the phonological loop is invelved in both
linguistie and numerical symbolic processing, both of
which are symbolic. These findings may accord with the
hypothesia of a symbolie proceasor. Further research
comparing symbollec and spatial processing in reading
development in normal children is nesessary ha
investigate this postulation,

8.5.3 Reading Development according te the Dual-Route
and Reading Stage Models

The relative importance of phonological and lexical
reading strategies in the subjects dovetuailed with the
dual~processing models of rending aoguisition
{(Coltheart & Harris, 1986). 1In general, children who
were nornael readers progressed from using phonologlcal
to uging orthographic reading stratog’'es.
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In this study, the 8td 1 children appearsd to be in a
tranzition phase Dbetween alphabetic (Frith, 1986
Seymour & MacGregor, 1984} or phonological-recoding
(Harrisz & Coltheart, 1986), and the orthographic,
reading stages,. Although they used both indirect and
direct reading strategies, phonological coding was
still the most important predictor of reading
comprehension in this group. They probably made use of
the lexical reading route for a small number of words
that they ovould recognize directly. However, at their
stage of reading, many words are likely to be visually
unfamiliar. They would, therefore, rely on phonological
coding Lo read visgually unfemilliar words and access
their meanings from the semantic lexicon for reading
cnmprehensidn purposes (Daneman, 1987; MoCusker,
Hillinger & Biasm, 1981).

Although Lhey were more proficient at phonological
coding +than the younger children, the 8td 3, and
particularly the Std 6§, subjects made greater use of
lexical reading strategies Ffor comprehenasion purposes,
This suggests that they are in the orthogrephic stage
of ‘reading development (Frith, 19853 Herris &
Goltheart, 1886; Seymour & MacGregor, 1984},
Nevertheless, they still used phonological roeading
strategies for deciphering unfamiliar words and
nonwords.

The dual-rouke/stage models of reading development were
formulated overseas (Frith, 1986; Harris & Coltheart,
1986; Seymour & MacGregor, 1984). From the results ol
this study, it ageems likely that these models can be
ganeraliged Lo normal readeprs attending Transvasal
Education Schools,
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§.6,4 Working Memory Development

Woriking memory capacity  appears ta increase
gignificantly with age. Baddeley (1988) eaxplained
working memory o ..lopment in terms of the central
executive and the phonological loop. With regard to the
latter, tl.ere wag an improvement in rate of
articulation or subvocalization associated with speech
development and an increasing use of covert qpeech or
rehearsal with age to aid memorization (Comrad, 1971;
Ornstein, Neus, & Liberty, 1875; Torgeson & Goldman,
1977). The active rehearsal strategles used by older
children allowed them to combine or chunk more memory
items together (Kunzinger, 1985; Ornstein, Naua, &
Libarty, 1875}, thereby increasing their rehearsal set
gizes {primacy effect) as well as working memory
functional capacity. However, Cohen and Heath (1985)
postulated that the number of both primacy
{artioulated) and recency (unarticulated) items
racalled in memory tasks increased with age. They
concluded that both the articulatory controel process
and the phonological shori-term Btore in +the
phonolegicenl loop developed and could be respensible
fer individual differences in memory performance in
children and adults.

AllL the memory span tests used in the present study
regquired subvocal rehearsal to refresh the auditory or
visual memory traces, as well as a. passive form of
short-term store, Thus, the superier performance in tLhe
plder subjects could imply that they were belter able
Lo rehearse and stLtore more memory items Lhan the
younger subjects. This would increase the chunk size of
the mnemonic window (Baddeley, Vallar, & Wilsou, 1987),
thoroby facilitating reading and listening
comprehonsgion.
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In addition to this, speed of item identification and
automatization, such a8 lexical acoess, and
phonelogical coding skills may also be involved, as was
sdvoonted by Huttenlecher and DBurke (1876), Lorsbach
and Gray {(18B6), Spring (1976), and Spring and Cagps
{(1974). When considering these processing functions,
there could be a trade-off between storage and
processiang in the younger subjects, However, these were
not directly tested in this study.

Again, the developnental findings have implications for
information procesgsing tasks requiring working memory,
such as reading, reasoning and mental arithmetic, in
learning disabled :thildren. Many of these children
demonsirate slow i. m identification speeds (Lorsbach &
Gray, 1986), poor phonological coding and memery
strategios (Brady, Mann, Schmidt, 188%). Cohen and
Heath {18980) postulated that slow articulators take
longer to process primacy ilems, and this reduces the
amount of abtitention they can foous on recency ltems,
However, +the results of studies investigating +the
relationship between rate of articulation and reading
are cohtradicvtory. Hulme, Thompson, Muir, and Lawrence
(1984) found a positive relationship between
articulation speed and reading, whereas Stanovich,
Nathan, and Zolman {1888} did not. Nevertheless,
learning dieabled children are likely te¢ perform below
age-axpectations on these tasks dues to nenative trade-
off effecls betwesan processing and storage.

8,fisb Other Factors affecting Reading Comprehension,
Apart from the memory and c¢ompeonent reading akillas
discussed above, thers are other skills which

contzribute to reading comprehension,; but which could
not tested directly in this study. Oral reasding teats
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of words and stories, and tests of wvigual reading
strategics and iconic memory, which can only be done
individually, were not considered. Other relevant
reading skills that were not tested direcily, due to
the unavailability of suitable teat material, included
making inferences from, and detecting inconsistenciss
in, text. '

Given that reading iz an inlteractive cognitive process
{Chase & Tallal, 19580} Walker, 1989; Weisbexrg, 1988),
combining al) the above mentioned skills, It was hoped
that individual differences in the skills that were not
tested would be minimized in the present study, as all
the subjects were normal readers. Howeaver, the
possibility that some of these skills were interfering
variables cannot be excluded. These variables may add
impoertant Iinformation to future research inte the role
of working memory in reading developmert.,

8.8 FURTHER PROPOSED RESEARCH

This study has yielded interesting findinge concerning
the role of working memory in component reading skills.
However, the author feels that the complex measures of
working memory were not satisfactory in tepms of the
lack of significant results between them and measures
of reading comprehensioen. Fircstly, they did not appear
to tap the macrostructural processes involved in
reading comprehension, and instead, tanped lower-level
procegses and storage. Scecondly . L:htuesh the number of
arguments. to be processed increas: ! with each series in
the reading and listening span tests, ayntastical
difliculliy wns not manipuleated, and no inferential
Judgements or text integration were required for
compatent performance, Futuro research could address
these issues by constructing a range of working memory
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tests invelving a variety of processing and storage
functions,

All the simple working memory span tests used in this
_study required symbolic processing, and thersfore the
Daneman {1987) and  Daneman and Tardif (1987)
postulation that there may be a spatial processor as
well as a +verbal/symbolic processor oould not be
examined. PFuture research conld include both spatial
ang symbolic testr in +the battery to assess this
postulate,

Although there may have been a trade-off batween
working memory storage and processing functions in the
younger subjocts in this study, the differences between
these functions could not be measured using the present
materials and procedures., Tests to examine the possible
trade-off between procesging and storage, similar to
those used by Daneman {1987) and Daneman and Tardlf
{1987}, could be included in future research, '

8.7 OVERALL SUMMARY AND CONCLUSIONS

This study examined the interaction between component
working memory functiong and reading strategies and
reading ocomprehension from & developmental perspective
by modifying the atudy by Baddeley, Logie, Nimmo-Smith,
and Brereton (1985). The subjects included shildren at
various stages of reading development.

Most of +fhe hypotheses tested in this study were

accepted. The major findingas wore the following.
Firstly, complex working memory span, measured hy the
reading and listening span tests, correlated

significantly wlth reading and ligtening comprehension
only in the younger subjects. Secondly, the complex
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memory span tests correlated significantly with tests
of ocomponent reading skills in the combined subject
group (lexical reading strategies) and +the Std §
subjects (phonological and lexical reading strategies).
Thirdly, traditional working memory epan tests,
including the word, digit and dot counting span tests,
which correlated significantly with the complex working
memnory tests, also correlated with tests of
phonological and lexical component reading skills.
Lastly, the tagts of component reading skills
correlated significantly with reading comprehension.
The patterns of these results reflected both reading
and working memery development. "These developmental
results appeared to tie in with models of working
memory and reading development. This suggests that
these models could be used to understand working memory
and reading development in normal and reading/learnivs
disabled English-speaking pupils in Transvaal Education
Department Schools.

The results suggest three major conclusions, The first
is that reading is an interactive process and cannot be
encapsulated be a single teat. Therefore, a multi-test
approach should be wused for reading assessment and
gshould be appropriate to the child's stage of reading
development. Reading assessments should include tests
of auditory and visual perception, phonological und
lexicel component reading stratediles, visual and
auditory vocabulary and memory and wvarious aspects
listening and reading comprehension.

The second conclusion invelvem the silent +tests of
phonology and the lexical decision tests. Theas teets
of component reading skills are significant predictors
of reading comprehension. They are caay to administer,
and could be used to timeously identify children with
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phonologiceal or orthographic coding deficits, Testing
could be done either individually or in a group
situation, wusing age-~related norms obtained from this
study.

The final conclusion concerns the wvalidity of the
complex working memory span tests designed to tap
central executive processing and storage functions in
reading comprehension. A wider varlety of these tegts
eould be used in future rveading research, with
particular at.¢ ti.- given to central executive v:rsus
rhonological looy Fimetlons., In general, the o airal
executlve remaing a vague construct requiring further
research. This might help to clarify the role played by
the c¢central executive in  reading ocomprehension.
Moreover, the suggestion that there may ba separate
symbolic and spatial processors incorporated in the
slave systems instead of a central executive require
further investigation. 4 symbolie procegsor in the
phonological loop would have far-reaching conseguences
for research into the role »f working memory in
reading.,
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Appendix A
S8ilent Tests of Phonology: Practice Lists for Regular

Homophones
TESTS OF PHONOLOGY PRACTICE LT
HABE: | REGULAR HOMOPHONES
SEX: STANDARD : oo | 2ouor
DATE OF BIRTH: . SAME | SAME
AGE: YEARS wowrys Dine  mone
INSTRUGTIONS boat  boot

sea soa

On each Lline are two words, o

Sometimes the twa words sound pegy baat

the same and bometimes Lhey do

net sound the samo. If yol ¢yre tira

ke SThe” SOUND T SRUE
] tick iﬂ tie g baar are

oolunn, If you  think Lhey hax

SOUND different put a tick in pens noan

the DO HOT SQUHD SAHE colunmn.

soot suit
PRACTICE LIST:
REGULAR HOHOPHONES ean  main
DG ROT  sun son
SOUND SDUND
SAHE SAHE

pain pant

Loan '1ong

sall sale

loan_ lone

snil Balk

pain pone

END OF PRAGTICE TASK,
DO NOT TURN OYER PAGE.
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Appendix B

Silent Tests of Phonology:

Regular Homophones

REGULAR HOMOPHONES: LIST 1

Test Lists 1 and 2 for

REGULAR HOMOPHONES: LIST 2

Do §oT bo yoT

SOUHD | SOUND SOURD | 50UND
SAHNE | SAME SAME | SANE

rise rbEe tail tale

‘tnlks tax board  bored

passed  past but bhutt

tafl talk deys dnze

POt putt , wada ward

tide tied bread boerd

hnir' hare which wineH

mece radid kthrone  thrown -

hole whole pause poaMs

meat nelk whieh witech

hera hair read reod .

Flee fled days dare

hare hear flen flee

try tried plain plane

praise plays roee rous

tsee hear neat neet

plain plant roaged paste

nissed mast Fed Foed

paced paste Lachks tax

pone gown here whete

STOP. DO HOT TURN OVER PAGE. gTaP, DO ROT TURM OVER PAGE.
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"Appendix ¢

Silent ‘festa of Phonclogy: Practice List and Test List

1 for Nonword Homophones

IRSTRUCTIORS

On ench line are two non-
words., Sometimes the two non-~
wWords gound the same and
somatimas they do not aecund

HOU-HORD HOMOPHONES: LIST 1

DO Nor
S0UHD | SOUND
SAME | . .HE

cohe koab

the sama. If vou think thay
S0URD the samé put a Giek in
the SOUND SAHE ecolumn, I you fyde prode
think they SOUND Jdifferont put _
a tiek in the DO HOT SOUND zollk Hple
SAHE calamn.
bauze baws
PRAGTICE LIST: oaf eapy
JHOHR-NGRD HOMOPHOQHES rahe ralk
b0 WOT afe mif
SOUND | SOUND .
SAHE | 5AHE mied mide
ZiLl ziel ' coim koym
ald ard nime nyme :
gueed keweed Frew  Fren
. and awd knaed knod
querd smeed efe auf
znll zaul pessed pogsed
knaonl nule
kexm keam
STOP., DO NOT TURN OVER PAGE.
bruze bams
goane skain

1

voilad' voled

paf egph

STOP. DO NOT TURN OVER PAGE.
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Appendix D

S8ilent Tents of Phonqlogy:

Test List 2 for Nonword

Homnphones and Practice List for Irreguler Homophones

HON~WORD HOHOPHONES: LIST 2

SOUND
SAHE

DO HOT
SOUND
SAME

INSTRUCTICHS

Un  each line are two words.
Sometimes the two wards sound
the same and sometimss thev do
not sound the same, I you
think they SOUKD the same put

vight  vite B tick in the SOURD  SANE
s wiis SO s ok £
dassed  dast the DO NOT SOUND SAME column.
coln  bovm PRACTICE LIST:

zight zeetl IRREGJLAR HQHDPHONE?

‘faps bréx SOURD gguggT
voared  vored SANE | BAME
riba reih car cara '

feahs ahex cry quay

fyde phide none nun .

cobe roib ey quay

frow frue bone bun

kanm kagm war wore

plry purg

soang skain STOP. DO NHOT TURN OVER PAGE.
dyfe dufe

zole sonl

nine nume

parg pritg

nied nigk

STOR.

DG NOT TURN OVER PAGYH.



Appendix E
Silent Tests of Phonology: Test List 1 and 2 for
Irreg 1. r Homophones

IRREGULAR HOMOPHORES: LIST 2 IRREGULAR HOHOPHONES: LIST 2

sourp | S0uND | sounn | SouNd.
| SAHE | SAHE SAME | SAHE
knowg nose ata alght
bold boiled pence plase
whare unve knot not
earn urp lknow no
late light praw glue
hall hill nige ninecs
borry bury shood should
vight writa broke break
Blew —blua hail haal
know no waod woudd
Poet Tote beld bowled
while white ) knots nogo
May my buy by
through three ruise guys
Porry tury car care
barn urn woor whora
geq an knah o
snaie graal fate fote
guise gunn Saw new
blaw blew through  threw
STOP. DO NOT TURN OVER PAGE. STOP. DO NOT TURN QVER PAGE.
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Appendix F
Lexical Decision Tests: Practice List and Test List 1

LEXICAL DECISION TASK LisT 1
NAME 2 1 “ . .
DATE OF BIATH: walo

SEXt_, .. STANDARD: LEL

INSTRUGT 1 ONS ree

PR A R OO o v S

'REAL WORD o NOT A WORD, 1f friend

it Lo a REAL WORD put a tick i

in the AREAL WORD coiumn. If I6

is MOT A WORD puk a tick in brane

the NOT A WORD celumn, _

PRACTICE LIST box ’

' REQL_WDRDINGT A WORD . boys

nite nize

knifo Ehow -
bloed pronp 3

mune erlinb

mapn brain

fabe ' ey

mu giue

bluk sonf

foune sleep

tail Tight

tune ehirt

wite hau

fale pad

hlud : tond

male . . tore

mito et

STOR. B0 NIT TURN QVER. STOP. DO HOT TURN QOVER YET.
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Appendix G
Lexical Decision Testsa: Test Lists 2 and 3

LIST 8
LIST 2. . REAL.HORD | NOT A _WORD
tree esould
pole slurt
zesd weap
Hun lont
fole yooks
sope gito
rOX sign
leap box
kuke zine
noge ey
glen aleap
kea shoe
drum roelts
waok whab
cun seed
chew ' plew
send Wosa
goat conc
sine hoise
hurt said
bonke frent
hood | coat
koot pole
shurt . foal
bed toos
STOP. DO NGT TURN OVER YET. STOP. DO HOT TURM ovm. YET.
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Appendix H
Lexical Decision Teshts: Test List 4

LIST 4,

tan

tilne

fike .

Frend

noise

shew

rope

size

Lalse

brane

socks

flew

takn

-1-1.1

oo

uize

fox

bite

slaap

ned

low

ot

tase .

lane

cood

END OF TASK,
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Appendix I
An example from the Std 1_ Vocabulary Test

Choose the best answer in each ema,

1 When o cupboard is bare, it T5,....
A B C
dirty, untidy. broken .
2 When o parson is miserable, he e.....
A B C
unhappy. stingy» ongry.
3 When somathing malts 1t bacomes., ...
A B : C
het, tough, soft,
. A signal is&.....
A B C
flag. seal, ~sign.

L+ ]

Aceltisa,....

A B c
young hetse, Flash, baby's led,
& When an answer s honest, b is,, ...
A B o
rucla, false. brue,
7 When somathing moves to and fro, it..y..
' A B C
swings. bounces. rolls.

159

empty.

Furiny .

sHiff .

mark,

»]

garment,

qu iﬁk ,

turns .



Appendix J
An example from the ztd 3 Vocabulary Test

Choose tha bast onswar in ench cosa.

4 ~ Whan you put sersething an show, you.....dth
A B C D
oract display frome view
5 Closa tha deor as thern fs etuuess.
A b C o
drag. ¢ald, pull, drought.
& You connot pas. if you. .., cyour werk,
' A B c D
naglect proteat suspact rograt

Choose the word which has the sume meoning as the word underlined,

7 recommeond
A B G D
exanting remember suggost remain

Choose tha best answer i each cass,
L ——

8 Qur phoria number s not in the telaphone, .. ..
A B C D
dictionary,  direetery, [irary, oxchenga.,
¢ Someona who opprocintas something I, ...,
A B < D
playful. thoughtful, hatetul, hedpful .
10 You shrug your. ...,
A ) G D
head, arms, Fist, shouldars,
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E
dl‘cll.lg]‘ll‘.

E
uccopt

cura

guidea,

E
grateful .
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Appendix XK
An example from the Std 5 Vocabulary Test

WHICH WORD CAR BEST REPLACE THE WORD UNDERLINED?

q, He backens his friemd to come,
A b G ] E
winks gus tures shouty exclaims tricks
B, Those two ave sworn fonos,
A ] c D E
frionds enemias professionals  waorkers lunberjacks
f. He was reluctant to do the dangerous Jjob.
A a ¢ b £
willing keen abdg umwi1ling undacided
1. Their gppealing faces were ignored by him,
A B ¢ b E
rejecting besging ignarant  sailing frarful
B, | am not sure whother they are acjuaintances.
A B t ] E
spectators hunters strangers anemigs friends
5, To have 3 companicn es 8 trip makas it more interesting,
A B ¢ /] 4
map vehicle rod rucksack comrada
10, A friendly letter is simply o form of conversation,
n B [ D E
chatting buying writing caloulating suiiding
11, 1t is pleasent te recall some happy ingidents of the past.
A B ¢ D £
avents dreams thoughts idpre pians
12, The tops of the pines were reflocted in the water.
A B C )] £
floating nirrared ginking fastaned avored
13, The nurse told us many weird stories,
A i ¢ b 3
popular old boring interesting strange
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Appendix 1L |
Tegt Lints A and B from the Rey Auditory Verbal

" Learning Test

LIST A LIST B
1 drum dESIR
2 curtain ranger
3 bell bird
4 coffee shoe
5 school stove
6 parent " mountain
7 moon glasses
8 garden towel
9 hat cloud
10 farmer hoat
11 nose  Yamb
12 turkey gun
13 color pencl |
14 house church
5 river fish
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Appendix M
An example from the Std ! Reading Comprehension Test

There are severol ways in which comeis have adepted themsclves te desart conditions,
They hove broad Feet which enable them to walk through the sand with ease,  They
have iong eyelashes ta keep the sand out of thelr eyes durlng a sandstorm, Most
important, however, is the foct that thay can travel leng distances without water

kocause thay storo water in their bodies.

] Gamels walk thraugh sand without trouble because of their,.....
A 8 C D
hump. broad foat, long eyelashes. strength.,
7 Camels con ravel far without water becausa they. .. ..
A store water,
B seldam drink,
c -walk slowly.
D need no water,
8 "Dogert conditions" means that there, ..., '
A are no rogds.
B is a cold wind,
o e rainstorms.
D is little water,
g Long lashes protect the eyes of camels against, . ...
A thirst,
B wind,
C leng distancos,
D . sandstoms,
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Appendix N
An example from the 8td 3 Roading Comprehension Teat

One flne moming, From their rocky lodges, the buboons sow twe harses baing lotl up ta the

gloep.  Prosontly the famier ond ana of his sons come out, mounted and rade oway.  The

babaaons watchad them disoppear over « distunt hifl,  The fodlish youny baboons were wild
" with dalight, and talked and jabbered about the good Hme rhc;y wore golng to have in the

archard, ond wondered whather the farmar's wife would be mdking jom that dey, I so, they
would walt tl it was well ender woy bafors frightening har off and seizing t.
6 Tho Farmer and one of his sons came out., ...
A B c L E
mmediately. 100, much later,  secreily. slowly.
27 ~ The young boboons plennad te..,..,
A rido tha farmer's harses,
B lock ofter tha orchard.
C climb the distant hill,
D go wlld with dalight.
E grab the jam,
28 When boboons jabbar, thay.....
A B c [ E
chattar. shiver, grumblo, gigyle. Fight,
29 What pleosed the buboons so much?

It wos o fina merning,

They waera youny and Faolish,
The farmer was away.

Thoy were in tha orchard,
The former’s wife made jom,

mOn®»
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Appendix O
An example from the Std & Reading Comprehonsion Test

On the march the tribes fought against him, and harassed him and k111ed his men,
until he was Fforcsd to send back to Chaka o bey for an addi{tien to his forge.

But Chaka refused; those he hbd with him should suffice. MNangego went on untfl

he reached the spot and started to return with the stone. And on his retum march,
one day, he fought a big battle. At sunrise he found himself surrounded by & Targe
forte of the onemy. The Zulus staod shoulder to shoulder, formed 8 square and fought
wmanfully. iWhon the sun set, most of the gnemy were dead, but Nongege was iaft with
only ten men whem he continued to exhort to die 1tke sons of Chaka, to let their
last resting place be the heaped vp bodfes of their foes. The enemy saw that they
weve 83 being killed by the Mazvlu and it wag clear that, even when the last Zulu
was dead, probadly not mare than one of thair own men would he syrviving and that

vwutd profit them nothing., So they let them be and departec.
Tomaz Hepola: Nongoge end Muyamana

18.  Whom did Nongego ask for more men? He asked ... for more men,
h o ¢ 1] E
Zulus the enemy friends Gi.oka nobody

19,  What had Hongogo and his men gone to fotgh? Thay had gone to fetich & ...

A B [ b E
spoar, stone, shietd, knobkerrie. man.

20.  Ouring this battle the Zulus ysed the tactics of ...

- A. surrounding the engmy. .
8, standing cibse together in square formation.
C. ambushing the enemy in di fficult terrain,
0. nrttacking at sunset.
E, tighting from behind the heaped up bodies of their foas.

21, Haw did Hongogo encourage kis men? He ...

A, told them to be careful,

B, set the example by fighting in frent.
G, asked them not to be cowards,

L. told theh to die 1ike sons of Chaka.
E, remindad them that theyr .. Zulus,

22, VWhy did the enemy stop stiacking Ronpoge's men?

A, Hongogg's force had receivaed roinforcdments.
B. Nongogo's men were moving too fast fo- them,

i Nungn?o and his men were ki11ino ton many of them,
D. The tiny force of Nongogs were hidden in the buzh.
£, HNongogy and his men only marchad by night.
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Apprendix P

An example from the 3td 1 Listening Comprehension Test

LISTENING COMPREHEUSION 1. fhe cat waits ... the housn
STD ONE A behing
8 in front of
Listen to the steory, then answer C naxt to
the questions by chocsing the D at the back of
correck anower and drawing a
clrele around the lattar abovae cr 2., Japanaese ladios are clavar at
next to the corrzct answer A picking cherries
B growing Lea
FRACTICE C arranging fiowers
D building homes
1. A flowar
B  buttgn 3. The Japanese arrange flowers
€ heatdle with...
O ribhon A Dbawmbuo
8 cherry blossoms
2. The baky was put into a ... € cherrias
A pram D taa blosaoms
B cob
¢ walnut 4. Riec.. iz grown...
I basket A on w.e hills
B in the vallays
3. The cot was made in the shapa € on the glope=
of & ... D near tha mountains
A ball )
B bath §. bDuring an earthquake a housa
¢ walnut of parchment 1s... .
D hasket A @molld
b strong
STOP. DO NOT TURN OVER UNTIL C safa
¥YOU ARE TOLD TO. D dangarcus

6. Camels valk trough sand
without trsuble becausa of their

A
B
c
D

?.

hump

broad fast
long ayelashes
strength

Camolz van travel far without

watar bogause thay...

A
B
c
»]

store water
seldor drink
walk slowly
naed no vater

"pesert conditions" means that

there...

A
B
c
D

166

are no roads

is a cold wind

are Yalnctorms

is little water



Appendix @

An example from the Std 3 Listening Comprehension Test

LYSTENING COMPREHENSION
STANDARD THRER

Listen %o Lhe story then answer
the questions by choosing the
correct answer from the five
poseible answers and merking
les  letker on your  AHSWER
SHEBT. .

DO ROT RRITE ON THIS QUESTION
SHERT,

PRACGTICE
1. 'The llonses wag tied up....

naxk Lo the lawn.
oft the terrace.
under a Lree,

on the stoep,
bahind the house.

O O0T e

2. Why wos the lioness tied up?

A Father was oroos.

B The dogis barked at hey.

¢ She had¢ bto be Ped, o

D The sevants were nifrald of
har.

£ She grow angry.

%. The lianaesge.....ths scont of
horsos.

A enjoyed

B loved

C disliked

D dozobeyed
E wolcomod

STOR. DO HOT TURN OVER THE PAGE
UNTEL ¥YOU ARE TOLD TO.

PAGE 2.
4, At Lthe top ol hiils he....

drove Past.

drove oarefully.
drove daopgorously.
beoame roaltless,
Loal echancas.

HEOQE >

b, While following the convict
Clive had to..... .

4 lesgen speed,

B take sdvantaga.

G dvive carplogsaly.

0 tolke haoed.

I tbolte ohances.

racing

6. The fagtest

drivers....

A take part in the roce.

B ohase the conviot.

¢ oare a risk on the rood,

D are goafo drivers on the
ronds.

I profoexr norrow lanog.

7. Why did Clive take risks ot
Lirgt?

Ju3 0 paein driver,
LalE Woers many bicyoles.
tle was chusing o convist.
The rond was narcrow,
It wag hilly countxy,

STOP. DO HOP TURH OVER,

Hofme
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Appendix R

An exaqple from the Std b Listening Comprehension Tent

LISTENING COMPRERENSTON
81h FIVE

Liston te the story, then answer
the cuestions by choosing the
correat answoer and marking its
letter on your ANSWER SHEET

DO NOT WRITE ON THE QUESTION
SHEET

PRACTICE

1. The lion charged in the
direction of the ...

horoes
hunters
buoh
shelter
neina

Wha looked aftoar the horsac?

glrl

ald servant
doct

young hey
old man

How was the lion killod?

ona of tho hunters shot him
Tho hoy ahot him

He fell and broke his noel
Ho was killed by a spoay
One of tha servanta clubbod
him to deakh

STORF. DO NQT TURN OVER UNTIL
YoU ARE TOLD TO.

BOoLEX 0 HOOWr N Hmoaogdl
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PAGE 2

4. Thay did not act &5 they
wanted to becauso they wora
afrald they would ...

asink the bont

bo overturned

draw tos much atfention
upaot the captain
frighten tho f£ish away

HoQo

5. What could they not do quickly
without danger?

pudl thoir lags up out of the
watoy

row away as faak ag thoy could
throw a f£ish to the shark

£ind out from whieh quorter
tha dangor treptonoed

phoot the chark

6. Bafore thay threw the Fish,
thoy clearly saw ... akove the
aurface of the wotar.

3 dead fish .

the outlinas of n boat

the white broast of a shark
a shark fin

a floating log

A

oaw

=

oW

7. The shark differs from othox
fish becoune ...

it io much larger

it has two rows of torrible
toath

ita meath is not at the point
of its haad

it always turns avor on its
plde

when it attaeks, its whito
breant rises

H OO 0o o

Tha attnckors had ... on
thedxr heads

haads

copa .
sking

faathoro

halmatis

HOOD >



Appendix 8

Working Memory Reading Span Test

WORKING WMEMORY READING TEST
NAME
&Th

EXAMPLES
1 The baly wmwote the letter

2 Pho mother earries_the penoil

3_.The bear jumped the wall
4_The eat tied the shog

5_Tho_f£ish snilad_the son

¢ The mouac watched the cun
7_The dog caught $ho bail
p_ The mox pucked the box

g _The grocex gold the swoats

10 The tescher went te gehool

i1 Fhe monkey chased tne Bull

12 Tha doctor wore the cont

13 Zne ant abe tho hread
14 the clown atirred fihe e

TRAT 1 (2 SENTENCES)
Pho child broke Yhe toyc

The mald spilt the cream

The boy jumped tha wadl
The monktey opened the loek
The worm tiald the time

JFhe Ying apiit the gusar

- S S T A )

TEST 2 (3 SENTENCES)
7..Tha girl ran the raca
8_The mother sub the bread

9_The pingoer suang Lhe song.
10 Phe sailer sajiled tho woat

11 The man oaught the bus

12 The frog did ths aums

12 The jody dronk the ten

14 The cow waiked ‘the npoon

15 Tho Llon ote the oot

TEST 3 (4 SENTENCER)

16 _The girl told o lie "
17 The mopkeey ote the appla
18 _The baker baked the enke

19 Tha boy apened the doop
20 The cat conght the wouge
21, The beetla ato _the vong

22 The tiger terd tha oloclk,
23 The pupil kicked the ball

24 The lady picked the rose
25 The owl ebw the oye

25 The opa ate the rock
a7 The man wasnhed the car
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Appendix T

Additional Items on +the Working Memory Reading Span

Teal

TEST 4 {5 SENTENCES)
28 The father blew his hose

29_Tha donkey hit the riadl

80_The dog chased the ship
31 _The copls made the Food

a2 The rat wore the pen

32 _The moid washed the rag

49_The toeacher beat the drum
' 50 The mother sailed the gea

51_The buck drank the water
52_%The bagker saved th _. oney

53_Ths cot chased tha wooi |

54 The owl saw the tres

55 _The farmer plaoted the grasc

34_Tho boboon pealed the fuoom  se_The fly opened tha page .

a5 The lady made tho slirt
36 The boy did the sum

a7 The Rarbar cul the cake
a3 The cat olimbed thae trea

39_The monkey ate the banana
40_The father bit the hammer
41The cocbor bit the bag

42 _The butchaer sold the meat

TEST & (G SENTENCES)

43_The lady wiohed i fhoa

44_The nuvge blew the rap
45 The farmer miliced tho cow
46_The child read tha book

47_The_sailer whirtled the tunc

48_The baby drank the eile

57_Tho mouse kisced tha ghatr
58_The boy watehed the wmovie

g9 Tht fox chased %tha ball

Go_The nurse 114 _the lump
TEST & (7 SENTENCE}

G61_The_pilot wore the plsne
62 The duck told A e

g3 The man hit the box

g4 The Tlea wrote g note

65_The buek kicked the-leg

66_The king broke the dieh

g7 The girl wore tho cap

68_The Snail ron the race

Go The bird swam the boil

70_The pig drank the yatoer
71 Tho rot told a shory

72 The boo otg tha dpoen
73_The fabhor built the house
74 _fhe \ady renad the hacls
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Appendix U
Additional Items on the Working Memory Reading Span
Ten?,

75 Uhe besr Boratched the tree

wg The puppy otba the nut

+7_The tiger drarik the tea
78 The bird builtd the neat
79 e hen loid the ey

8o Phe frog mhgﬂb the fly
21 _The bull swept the house

END OF TEST
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Appendix V

Working Memory Listening Spsn Test

WORKING MEMORY LISTENING SPAN
NAME
5TD

EXAMPLES
1 The bird buily the nest

23

3__The geat valkod the ler

4__The KWing cpilt the preom

5_The buck ate the aracso

6_ The mon..cy wove the cap
7_The baty shod a tear
8_"The lady vached her faca

I_The tonoher road the ook
10 The owl ficked the seck

12 The ape ate the nug

12 _The man sailed the ghip
13_The fother kicked the boll
14_The mouge nbela the chease

TEST 1 {2 SENTENCES)
1__The hbull_ate the svase
3, The father cwht the inwm
3__Thg_dog ohowed the bone
i_ The boy 2ailed the xeafi |
5. The king sold the sweems
6__The boap guag the wime

The policemon ridez the horse

TEST 2 (3 SENTNCES)

7_The lody dreve the car
8_The flea told the time
o_The bee made the honoy
10Ths hen went to schest

11The baker gwept the broom

13The cow chewed the cud
17 The man blew his nese

14 The pif soiled the hoat
1[;'1.'11@ rat valked ‘the pole

TEST 5 {4 SENTENCES)
16The cat climbed the brae

17he burd sings the cong

18tne Ffish owom the tnoe
19The farmer lost his hedr

spThe horsc Jumped the gate
21The cow pte bhe enbe
22The fox made the bed

23fihe denkey kigked the daor
24The mouse dmm
n5The dog caupht the pall. |
26_The ant spiit the oupan
270he werm opeued the door
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Appendix W
Additional Items
Test

TEST 4 (5 SENYENCES)
28 Tho koy watehed the movig

20 The hen laid the ceg
30_The man flew %he kite

21 The kitten chnszd the wool
32 The pig wrote the chair

33 The baboen pesicd the brgom

34_The teacher want te cobonl
35_""he beatle ate tha flover

26_The bohy chewed tho bone
37_The girl cought the bum
3g_The cat cerobched tha fies
39 _The boy wore tha chict
40___'[!1_9_._;:i tot Flew tho plane.
41 The Figh wislked the fopt
42 _The
TEST
43 The
as_The
45 The
45 The

lien tled the Jace

(6 SENTENCES)
king vierg “ihe crown

butcher gald the meot

5

frog ewam the raca

venr seratched hios nwos
eat elimbed the Lree

47 the
40 _The

Flea drouk the saup

4]
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on the Working Memory Listening Span

40 The pig ate the becad
s0_The doctor carrled the bag

g1 The frog stirred the pot

53 'The nurse 1it the lomp

53 The quecn whistled.She tune
54 _The lady picked the roge
55_fhe pirl wrote the pencil

56_The mobher washed the soclc
57 'Phe worm told the rock

op The ape gte the time

59 The man paciked the hox

¢o 'The tailer drank the ten

TEST & (7 SENTENCE)

61_The child played -the toys
62, The ennil coughh the train
63_The f1y ran tha_race

G4_The 1ien ate e ok
c5 The king song the sang

¢ The singer ohuck the plo
67 Tho duck mada the bed

The rot walked the road
The fox turned the key

fthe mouce, hit the ghicke
71 _The bul) beat the drum

72, The_bankor: w1t the houpe
73_The bwl B’b_i.t‘_z_g_c_!__‘t;b.g_i_!_mg\

74_the fathen saved the money

ua

69

70




Appendix X
Additional Items on the Working Memory Listening
Test

75 The cool made the food

v The piloh swept the houce
77 The horse did the tum
7g_The ent sang tha shoe

78 Tha fuecn made tha cake
g0 The girl combed her hair
01 The morkey chased +the bea

END OF 88T
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Appendix Y
Digit Span Subtest from the Wechaler Intelligence Scale
for Children - Revised

DIGITS FORWARD - ' Seore
! Trial 1 Pass-Foll | Trial 2 Poss-Faill { 2,1, 070
1.1 3-8.6 &-1-2
2.[3-4-1-7 &-1-5-8
3, [8-4-2-3-9 5-2-1-8+6
4, |3.8.9.1.7.4 79-6+4-8.3
5 | 5.1-7-4.2-0-8 PeB-5+2-1+6-3
& | 1-6.4.5.9.7-6.2 2.0.7+6-3-1-5-4
7. [5-3-8.7-1-2-4.4-¢ 4-2:8291.7-8+3.5 .
Mox,=14
. Totol Farward
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Appendix Zi _
An example of a Dot Counting Span Stimulus Card

Rl
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Appendix Zii
Dot Counting Span Answer Sheet

DOT COUNTING SPAM

INSTRUCTEONS:

Count the number of GREEN DOTS on
aach card, and zamembar these totals
Write the totals down in the same
order.

EXAMPLE: One cand sat:

B ]

Two card get:

e He—
— ——

——— —

Throa card set:

FPour card sect:

—— e—— e—— oHe—
—— vmamm e— e—

et Sm— ve— Sm——

Five card sat;

Saveon card set:

— At et e p— e s—
— . p— (e —— — —

— A i e e wewewh whete——
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