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. | ABSTRACT

NEGROPSYCHOLOGICAL siGNIFIcAﬁCE OF PHONETICALLY
ACCURATE AND PHONETICALLY INACCURATE SPELLING ERRORS -
IN YOUNGER AND OLDER CHILDREN -
- ey

James Ernest Sweeney

A clear picture of the composite of abilities which underly: the
development of the ability to spell does not seem to have emerged
from the research up té the present time. ~Since the cémplexity of
‘the épelling process may necessitate different abilities being
involved at different stages, it is not surprising that an almost
exclusive ;eliance upon a "level of performance™ approach for any
one'particulér measuﬁe'has not been as bontributofy as waé originally
expected. The purpose of the present research was to explore the
possibility that-qua;itatively distinct approaches to spelling (as
indicated by either a preponderance of phonetically inaccurate or
phoneticélly accurate spelling errors) in children re#arded in the
ability to spell is related significantly to very different under-.
lying deficitse. Hypotheses regarding the adaptive deficiencies
associated with these qualitatively different forms of sfelling
'retardation in younger (M = 119.33 months) and older (M = 160.75 months)
children were derived frém Luriats (}973) neurOpsycholoéical model - |
of the spelling process. . ‘

There were two younger and tﬁo older experimental groups (speliing H

retardates), and two normal'spelling groups (Ns).each representing one

age level. Each of the six groups consisted of eight. subgects.' Oné

younger and one older experlmental group were composed of. retardates

iv
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in spelling who rendered 40% or less_of‘syllables misspelled in a
phonetically accurate mannef'(PIs).‘ One younger and older .
experiemental group were composed of spelling retdardates who rendered
at least 60% of misspelled syllablee in a phonetically accurate:
manner (PAs).
* The parformances of Pls, PAs,‘and Ns were compared across a
wide range of language and language—related‘measures. Clear support
- for the contentlon that PIs are, in general, inferior to PAs and Ns
in the development of language abzlltles was obtalned. Upon closer
inquiry, it was revealed that PIs performed consistently in an
impaired fashion relative to Ns and PAs on tests which involved the
carrying out of some rudimentaty.OPefation upon.relatively short
" sequences of word sounds or word strings which conveyed iittie or mo
meaning. PAs, on the other hand, also exhibited a generalized -
'impairment in language functioning relative to Ns. More spécifically,
in comparlson to Ns, PAs appeared to encounter consistent dlfflculty
in verbal abstract’ reasonlng and in proce551ng relatlvely lengthy
word strlngs. Moreover, the level of performance of PAs appeared
to deteriorate even further (to the point of being similar to that
of PIs) when they were reg&ired to formulate felatively lengthy,
complex, syntactical strings. -
The resulte of this study were interpreted as suggesting that
T\“iPIs, relative to PAs, may encounter extreme difficulty.in completing
those processes thought to be carried out in spelling beyond simpler
jmmediate memory for a word; i.e. segmentation of sequences of

speech-sounds, and "visﬁalizing" letters and words. PAs, moreover, would



seem to 5e'experignciné'some difficulty in §pell§hg only when the
cognitiée,procéss involved is soﬁeﬁhat moée gomplex'than a straight-
forward sound-symbol associatiénal‘procedﬁre,i;e. when the word-to-
be spelled has a relatively low phoneme-grapheme correSpondence.

The differences in adaptlve,deflclenc1es ‘between PIs and PAs
would seem quantltatlve rather than-qualitative in nature, with PIs
'exhlbltlng a significantly greater degree of 1mpa1rment than PAs.
Furthermore, the da_’/sﬁggests that degree of impairment in the
'proce551ng of relatively complex language for PIs and PAs is very

similar relative to chronologlcal age at both the younger and older :

4 .

age levels, 7 .

The nature of the difficulties exhibited by PAs and PIs are in
line with Fhe vhigher order" }anguage processing difficulties attri-
buted to adult patients with 1esion§ within the tertiary region of
the }eft‘ﬁerebral hemisphere by Luria ﬁ1973). |
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This dissertation is dedicated

to my children, ,[Kerry, Tara, and Sean,
who, hopefully, will not always
have the narrow impression that

"daddies go to school" and "mommies work®,
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PREFACE

The impetus for this research driginated_fﬁqm the realizgfion

that little was known in the field of special education concerning

the adaptife significance of a preponderance'oi qualitatively differ—

ent errors in-attempting to learn to read and spell. It is antici-
pated that an ekpgnsion of Fnowledge in this direction will eventuate
in the formulation of ﬁore effeétive programs of remediation for
children retarded in reading and spélling skills,

Disraeli once remarked that "The secret of success is constancy
to purpose". The author extends his sincere gratitude to his mentor,
Dr. Byron Rourke, for sharing this'mbst important principle through
his sound direction and for unwiftingly demcnstrating its validity
through his many professional accomplisﬁmenfs. A vigorous "thank you"
is also sent out to Dr. Meyer Sfarr who eased this researcher ever
S0 gentiy into the world of:computers., In addition, the author is
indebted to the,followiﬁg péople: Helen Czudner, Janet Orr and
Gene Mascola for test administration; Marilyn Chedour for spelling
dictation; Marilyn Frederick and Pat Holland for typing assistance;
nd Wendy Nesseth for her willingness té help whenever possible. A
note o teful éppreciation is expfessed to the administration,
principals, tedchers, and pupils of the ﬁindsor Sepérate School Board
for their cooperation in this venture. Finally, a very special

wthank youJ\is extended to Carole'Sweeney; wife and friend, for her.

 patie -erstanding, and encouragement.
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CHAPTER 1

INTRODUCTTON /

The results of studigs designed to reveal those skills crucial
.to the developﬁent of spelling ability have, for the most.part,
yielded rather unclear, inconsistent, and sometimes contradictory
findings (see Appendix A for a review of this research). Most of
these studies have been correlational in\na;yre and have made exclu—
sive use only of a "level of performance" approach to the measurement
of spelling ability. Since ﬁhe complexity of the spelling process
may necessitaté different abilities being involved at different -~
stages, it 1is not surprising that exclusive reliance upon a "level g—d’
of performance" approach has not béen.as contributory as was origi-
nzlly expected. Qualltatlvely dlstlnct deflcmts may produce quali-
tatively distinct approaches to spelling which, nevertheless, may
eventuate in quantitatively similar levels of spelling retardation.-,
The purpose of the present study was to delineate the nature and
extent of language and language-related abilities underlying phone-
tically inaccurate and phonetically accurate approaches to spelling
in children who are classified as retarded in the ability to spell. -
Hypothese§ rggarding the adaptive deficits underlying these quali-
tatively different approaches were formulated on the basis of lLuria's
neurbpsychological'médel of the spelling process (1973).

Luria's Neuropsvchological Model and its Relation to Spelling
Ditficulties

It is well known that acoustic impulses are carried by nerve
fibres arising in the organ of Corti in the cochlea of the inner
ear, that these nerve fibres decussate partially in the medial

lemniscus and relay in gthe medial geniculate body, and that they
; ' A .
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terminate in the transverse gyrus of Heschl which is the primary
proaection zone of the auditory cortex. There is no complete
representation of acoustic impulses from one ear in either cerebral
hemisphere, although they are represented predominantly in the -
contralateral hemisphere. -Luria (1973) points out that unilateral
lesiérs of the primar& auditory zones of the cortex do not produce
total\loss of hearing, but do effect a disturbance of the sensitivity
of audifﬁrg perception. On the basis of‘numerous experiments (Baru &
Karassevé/,l970 Gershuni, 1968; Karasseva, 1967) he concludes that

unilateral lesions of the transverse gyrus 1 increase the

thresheld’of auditory sensation for soundg/ presented to opposite
ear with a duration of only 1 —'5 ms. (tohes of 1,000 Hz. were used).
—_,This inability ﬁo percelve ultrashort scunds at a decibel level which
is normally adequate suggests that .the primary zones of the auditory
cortéx prolongs acoustic excitation as well as transmits such exci-
tation to other areas of the cortex. -
Numerous: experiments directed by Pavlov (Babkig, 1910; Elyasson,
1908; Kryzhanovsky, 1909; Kudrin, 1910) and .other studies (Butler,

: \fﬁDiamond, & Neff, 1957; Goldberg, Diamond, & Neff, 1957) provide
results which suggest that lesions of the secondary zones of the
auditory cortex (Brodmann's area 22 and part of area 21) in animals
impairs the ability to differentiate between combinations of sounds,

\\ although the ability to distinguish simple sounds remains unimpaired.
Investigations by Babenkova (1954), Kabelyanskaya (1957), Kaidanova
(1954, 1967}, and Traugott (1947) demonstrated that humans with small
-1esions of the secondary zones in the left temporal region were able

to distinguish simple sounds, encountered only mild difficulty in

differentiating simple sounds, and were not able to differentiate

s »
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combinations of 'soundse. ' In the same vein, Semernitskaya (1945)
showed that pitients with lesions of the temporal cortex were unable
to differentiate between groups of 2 or 3 high—frequency tones or
between rhythmic patterns of soands. There is considerable evidence,
then, ;hat the secondary zones of the auditory cortex play a critical
role in nhe differentiation of groups of acoustic stimuli and rhyth-
mic acouetic patterns. )

Numerous innestigators, including Lurie (1973), have made the

(rather undispnted) observation that lesions of the secondary zones
of the left (dominant) temporal lobe in man produce a marked impair-
ment in the aoility to differentiate- sounds of speech (phonemic
hearing), a disorder known as wsensory aphasia." In light of such
an observation, Luria states rather tnequivocally (1973, pe. 134)
that ohe secondaf? zones of the temporal cortex of tne.left (dominant)
hemisphere "are Snecifically adapted for +he analysis and synthesis
of the sounds of speech or, in other words, for dnalified speech
hearing". In this connection, Luria characterizes language as being
composed of a system which organizes phoneﬁes into a particular
sequence. He maintains that sounds are coded by the perceiver in
accordance with this system, thereby distinguishing the useful phonemic
features from the unessential characteristics of the language. In this
.view, the development of phonemic organizational skills are essential
to the development of language abilities in general. Thus, it is not
unexpected that patients experiencing the disorder of sensory aphasia
‘exhibit -a profound disturbance in language functioning.

The core of the syndrome produced by lesions of the secondary

zones of the left temporal lobe would appear to be a disturpance of

phonemic hearing. However, lesions somewhat further removed

from the primary projection area of the auditory cortex (whioh
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involve elther the reglon of the middle temporalgyrus or deep tem- -
poral reglons) may not produce an 1mpa1rment of phonemic hearing,
but may effect a profound dlsturbance in audltory—verbal memory.

. This ‘disturbance is most ‘apparent when the patient attempts to
remember even a short series of sounds, syllables, or words. Luria,
Sokolov, and Klimkovsky (1967) have obtained results which suggest
tRat neighbouring duditory traces have a mutually inhibitory effect
upon one. another which, in turn, leads to a significant decrease
in phe.amount of auditory-verbal inforﬁation successively perceived.
‘Tsvetkova (1970) has demonstrated that this inhibiﬁory effect cén |
be reduced by presenting a séries of acoustic .elements at longer
intervals., Thus, it would appear that sequential auditory-verbal
information can be‘remembered adequately in the presence of middle
or deep left temporél lesions ﬁEen there is sufficient time for,
consolidation. The secondary or system;c'effects of disorder;/in
phonemic hearing and auditory-verbal memory have been documented
by Iuria (1973). .
Difficulty in the comprehension of spoken speech follows upon
a disturbance in the ability to distinguish between closely sounding
phonemes. Furthermore, stored phonemes, structurally similar, are
not differentiated properly. In consequence, the phonemic structures
of words retrieved for verbal expression are defective, producing a
disorder in the patient's speech. In attempting to spell words,
patients with a phonemic hearing disorder confuse phonemes which
are somewhat similar, and are not able to analyze complex,combinations
of =sounds. Conseqﬁently, there is an inability to write wordé Pro—
perly which ﬁay be reflected by phonetic inaccuracies. (In the

context of this study, "phenetic® refers to the representation of

speéch sounds or the phonemic e%Fments of language, through written
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'é&mbols.) However, words which are very‘familiar (such es.e'signae
ture) are not affected,, because they hive become stable motor stereo—
types and do not require preczse acoustic analysis. Similarly, the
reading of words which have become firmly impressed vlsual stereo—

types (and consequently are recognized readily by sight) are unaf-
fecued because acoustic analysis is not required. However, the
reading of words which do not have firmly 1mpressed visual stereo-
types (and which thus require precise acoustic analysis) is severely
disterbed.

Luria (1973) also outlines the sysbemic effect of disturbances

-

of auditory-verbal memory, which he terms "acoustico-mnestic aphasia".

In this case, acoustic analysis functions remain unimpaired, but the
patient's ability to remember sequencds of sounds, syllables, or
words of increasing length is severely impaired. It may be that the
traces of each component of an auditory-verbal series inhibit one
another from becoming imprinted in memory (Luria, Sokolov, & |
Klimkovsky, 1967). One would expect patients suffefing from acous-
tico-mnestic aphasia to encounter difficulty in spelling and in
reading relatively length words., In the case of spelling, memory
‘for an extended sequence of phonemes would be markedly impaired,
leading to phonemic omissions or additions and, consequently, a
phonetlﬁally jnaccurate product. In reading, the sequence of
phonemes, especially for lengthy words, would no?\?e remembered
adequately, resulting in phonemic inaccuracies when the word is
verbally expressed. |

Luria maintains that articulatory apalysis is also 1nt1mately
involved in the phonetlc analysis of_words. The pronunciation of

phonemes differentiates them from others and assists._in the
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clarification of the.phonetic structure of words. Luria coﬁtends
that this process involves the kinesthetic analyzer, "1oca£ed”

\wmthln the inferior portions of the post—central region of the left
(domlnant) hemisphere. He has observ®d that patlents with lesions

in this area present with "kinesthetic (afferent) motor aphasia"-

in sPell%ng, sounds similar in their articulation are confused }
(e.g., "b" is substituted for "m", or "n" is substituted for "1":

or "tv), _

. Finally, lesions of the parieto—temporo—occipital region of the
left (dominant) cerebral hemisphere give rise to a disturbance in

the naming of objects and the abili%y to evoke visual images in
response to a given word {Luria, 1973). In the case of a disorder

in the nominative. function of speech as‘a resolt of such a lesion,

it would appeardthat there is a disturbance in the pooduction of
visual images which pfompt the retrieval o6f appropriate verbal 1abe1e§
Reciprocally, lesions in this particular region are said to disrupt
the visualization process prompted by verbal information. Conse—
quently, sentences composed of réiatively complex-logical—grammatical
(syntactical) relatlonohlps would not be comprehended adequately

‘because of a defzcmency in conjurlng up visualizations of "quasi-
spatialﬂ-relationships. In attempting to spell, it would be pre-
dicted that such localized lesions would result in a disturbance in
the process through which accurate visualizations of words are evoked.
This phenooenon'would be expected to be characterized by an over-

reliance upon the phonemic qualities of a word and little appreciation
of what words are "supposed to look like". It is clear that these
characteristics would be most reflected in the spelling of lengthy

words which do not have a close phoneme-grapheme correspondence.

v
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The phonemlc and kinesthet;c elements of words are transcribed

_.into vlsuallzatlons of .combinations qf'language symbols whleh, in
turn, give rise ‘to motor acts through which these words are written,
or spelled orally. In this connection, Luria has noted that lesions
of the inferior zones of the pre-motor area of the left (dominant)
hemisphere interfere with the automatic switching from oﬁe movement °
te another. In oral partieipation in spelling, one would expect,

- in euch.pases, a significant disturbance in the ability to move
smoothly from one articulation to another. Sﬁch lesions also‘produce

A

a deautomlzatlon in writing; the smooth tran51t10n from one componént
~ of a word to another is no longer p0531ble. v
Luria (1966) has pointed out that the writing of letters,
syllables, or words, appeérs to be influenced. very little b&qmést
frontal lesions. However, patients with frontal lesions very often
have difficulty in ﬁeintaining a constant plan-of action and in
persistently comparing the results of their aétions with the origina%_
plan. Consequently, such patients® writing may reflect difficUlt&
in retaining general meaning or in inhibiting irrelevant wofds. ’.
It almost goes without saying that Luria's neuropsychological
model of the spelling process i§ highly complex, requiring the parti-
cipation of several collaborating zones of the cerebral cortex.
Speech sounds are analyzed acoustically within the'secondary zones
of the left (dominant) temoral lobe, which lie 1mmedlately adjacent
' to the primary progectlon area 5; the auditory cortex. The middle
temporal gyrus and the deep. temporal regions of the left cerebral
hemisphere subserve memory for sequences of Speech sounds for the

purpose of phonetic analysis. Kinesthetic analy31s of speech sounds,

which takes place within the 1nfé;10r'par1eta1‘geglon of the left

—~—



- cerebral hemisphere; further assists iﬁ clarif}ing the phonetic
‘cqpﬁositios'of the word. The phonemic- and kinesthetic elements of
th;"word give rise to a visualization of thé proper combination of
phonetic symbols (visual—Spstial séfﬁcturing) within the left
parieto-temporo—occipital region. The aforementioned elements, in
combination, give rise'to motor acts mediated principally by the
inferior zones of the pre—motsr and motor regions through which the
word is written, or Spelled orally.

Luria's neuropsychologlcal model of the spelllng process suggests
quz\slearly that there are numerous bra;n—relatedllnks in the
systen which, when‘defective, can lead to the disorganization of
the functional system as a whole. This renders it very likely,
therefore, that qﬁalitatively different underlying problems would
be in evﬁdence in any fairly large group of spelling retardates.
Hence, it should not be surprising that studies which have investi-
gated relationships between levels of performance in spelling and
"basic abilities" have yielded unclear, inconsistent, and sometimes
contradictory results. In order to study abilities which underlie
the cgmplex skill of spelling, it would appear worthwhile to focus'

on the adaptivé significance of gqualitatively different approaches

to spelling. Such studies are beginning to emerge in the literature.

Vs " Current Studies’

The results of a study by Nelsor and Warrington (1974), with
children 8 to 14 years of age, suggest that (1) a preponderance of
phonetically inaccurate spelling errors (€eZey QPAL" for “DARE")
is related to (a) a substantial WISC Verbal-Performance IQ discre-

pancy (Vérbal'IQ beihg more than 15 points below Performance IQ) and
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,(b) retardation En'both spelling and reading; and, (2) a high propor-
"tion of phonetically a;curate spelling errors (e.g.,.ﬁDAIRW for “DARE")‘
is associated with (a) little or go_WISC Verbal—Performaqce Idadiscre—
pancy in the direction of lower Verbal IQ and (bv) spelling retardation
and a significantly lesser degree of retardation in readipg. |
Furtﬂer evidénce for a~fe1atioﬁship between phonetically inaccur-
ate spelling errors and a gene:alized impairment in language func-
tioning is found in the results of studies by Newcombe (1969) ;nd
Kinsbourne and Warrington (1964) which suggest that phonetically
inaccurate spelling errors are associated with dysphasia inladult‘
patiénts.. In this connection, as was documented earlier, Luria _
maintains that some language disorders are symptématic of dysfuhtion
with the temporal regions of the left (dominant) eerebral hemisphere.
An hypothesis regarding the possible‘mechanism underlying the
;nlﬂuction of a large proportion of phonetically accurate spglling
errors emerges.from the work of Boder (1973)o:'She-differentiated.
a group of dyslexic children who exhibited poor memory for the
visual-spatial characteristics of letters and words (as reflected in
a very limited "sight-word" vocabulary) and found that this group
tended to spell.in a phonetically accurate manner. One theoretical //_(/
explanation (of perhaps many)} for this empifical observation is that
a preponderance of phonetically accurate spelling errors in children
is related to a deficit.in fisualizing clearly the spatial character-
istics of words and, more generally, visual experiences encounteréd
previously. It has been suggested that lesiong 6f ghe parieto-temporo-
occipital region of the left (dominant) cerebral hemisphere give rise
to a disturbance in the ability to evoke visual images in response to

a give worde. o '
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. Hypotheses _ _ :

The adaptive significggcg of qualitatively different spelling
errors suggested by the afofémenti§ned studies. fits rather neatly
into the neuropsthoiogical model of spelling behaviour proposed
by Luria., The present study represented an attempt to explore thé’
neuropsychological significance of phonetically inaccurate and
phoneﬁically accurate spelling errors in.fbunger and older childfen.

Ofe major hypothésis of this study -was ‘that spelling retardates
who exhiQit'a prepondeéaﬁce of phonetically inaccurate errors in spellingf
would p?;sent with adaptivé deficits Similar to those expected
were they to be experiencing the untoward effecfs of significant
dysfunction within the secondary zones of the left (dominant)
temporal regién,as documented by Luria (1973) in adnlgs. The pre-
dicted symptomatology was as follows: (1) a disturbance in phonemic
hearing; (2) difficulty in the comprehension of spoken speech;
(3) an impairment in the ability to petrieve words for verbal
expression; (4) a deficiency in short-terp memory for auditory-verbal
information; (5) a general deficiency in language abilities. 1In ‘
order to determine whether or not phonetically inaccurate spelling
is associated significantly with disturbances in language function-
ing, verbal measures of a phonetically inaccurate group of children
retarded in the ability to spell (PIs) were compared with those of
a group of spelling retardates who exhibited a preponderance of )
phonetically accurate errors in spelling (PAs) and with those of
a group of normal spellers (Ns). It was hypothesized thaf the -
language abilities of the PIs would be significantly inferior to
those of the PAs and Ns (Hypothesis la). Also, in view of:the resﬁlts

of the Nelson and Warrington (1974) study, it was expected that PIs

-
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. would exhibit a significant WISC Verbal-Performance IQ discrepancj
(in the direction of low:Vefbal IQ); the magnitudé of ythis discrepanéy
was expected to be much less in PAs, and no significant VIQ=PIQ
discrepancy was expected for Ns (Hypothesis 1b). j
The second major hypothesis of this study was that PAs would

exhibit adaptive deficits consistent with those anticipated were
they-to be encountering the debilitating influence of significant
dysfunction within the parietco-temporo—occipital region o? ﬁhe '

left (doﬁinant) cerebral hemisphere as observed by Luria (1973) in
adults., Lesions of the left parieto-temporo-occipital region are

said to interfere with (1) the evokation of visual images which
‘ prompt, or are prompted by, appropriate verbal labels, and (2) the
‘éomprehension of relatively complex logical-grammatical relation-

~ ships. In order fo test the §ecohd ma jor hypothesis, it was pro- |
posed that.PAs would have more difficulty than PIs or Ns in visu-
alizing accurately common objects (és indicated by verbal identifi—
cation) .on the basis of a limited number of pictorial clues of draw-
ings of these objects (Hypothesis 2a). PAs were expected to perform
in a fashion which was significantly inferior to that of PIs on the
latter task because (1) the c&pacity to "visualize" appeared essential
for efficient performance and (2) the verbal requirements seeméd
minimales It was also expected that PAs would demonstrate an impaired
level of performance as compared to Ns in the comprehension of
relatively complex 1ogica1—érammatigal relationships  (Hypothesis 2b).
.Due.to the anticipated inferiority of PIs in regard to the comprehension
of spoken speech in general, it was hypothesized that PAs would be sig-
nificantly superior to PIs in the comprehension of logical-grammatical

relationships (Hypothesis 2c¢). -
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In interpretipg-neuropé}cﬂological test Qata, the present aﬁ%hor
has observed.that this proposed discrepancy in‘the'development of gé@hx
language abilities between PIs and PAs increases with age. Moreover,. *
. this possibility is reflected in the central'role that Luria attributes
to phonemic héaring and auditory-verbal memory in the development of | Y
language skills. Since inadequate‘phonemic hearing-and/or auditory-
verbél memory may eventuate in linguistic deficiencies ﬁhich iecreése'
in degree relative to age, it was hypothesized (Hypothesis B)Jthat
_the superiority of PAs over PIs in language sk;ils would be Slgnlflc—,
antly greater at the'"older" as compared té the "younger" age level.

On the basis of Luria'e model of brain—behaviour relefionships
it would be expected that (besides associations between qualitativeiy
different spelling errors on the one hand, and disturbances in
language functioning and ihe evokation of visual images on the other)
there would b& retationships between qualitatively cistinct spelling
errors and (1) level of achievement in reading, and (2) qualitative
approach to reading. If phonetically inaccurate sPelling €rrors are
indeed a product of deficits-in phonemic hearing and short-term audit-
ofy-verbal memory, it would follow that this type of spelling error
should be related to 2 markedli/}gpaired level of performance in readinge

(This conclusion is based on the presumed necessity of a complete
repertolire of well differentiated phonemes for. efficient reading.) -
On the other hand, phonetically accurate spelling errors, if brought |
about by a deficiency in the ability to evoke visual images of WO{?S,_
would be associated with a limited repertoire of visual "models" of
words (frequently referred tofﬁ? educators as "“sight-word" voeabulary):,
Consequently, worde-to-be-read which have a low grapheme-phoneme

correspondence (i.e., which cannot be decoded properly using a strict
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phoneticdapproﬁch) would not have readily available visual models
as “matcheé“ and would therefore not be read accurately. Since there
is a conéiderab}e (B;t not complete} degree of grapheme—phoneme
correspondence in words of the Eng%;sﬁ ianguage {Hanna & Moore, 1953;
| Rudorf, 1964; Stanford Spelling Project, 1966), it would be predicted,
on the basis of Luria's modél, that PAs would be significantly less
impéired in level of reading ability then Pis, although significantly
impaireé.in this skill relative to Ns. Thus,\ n additional hypothesis
of this study is that the level of oral readlng performance of PAs would
fall at a position intermediate to that of PIs and Ns. More spec-
ifically, the levei of oral reading abiliﬁ} of PAs would be
51gn1f1cantly superior to that of PIs and significantly inferior to
that of Ns (Hypothesis 4a)e.

However, it is obvious that such "level of perfbrmanée" findings
would provide only very tentative support for the theoretical formu-
lation that the readlng styles of Pls, PAs, and Ns are qualitatively
dlfferent. Very distinct reading approaches of these three spelling
groups must be demonstrated rather than presumed in order to provide
substantive support for the neuropsychological model of spelling
behaviour being pfoposgg. In this connectioh,.i£ was expected that
(1) the reading style of PIs would reflect a significant eﬁphasis
upon a "sigﬁ%—wordﬁ approach relative to those of PAs and Ns
(Hypothesis 4b),(2) PAs would exhibit a signifigant over-reliance .
uﬁon phonetic analysis in reading as compared to PIs and Ns
" (Hypothesis 4c), and (3) the reading approach of Ns 'would reflect a
balanced interplay between "sight" and "phonetic® stylés (Hypéthesis
4d). |



CHAPTER II -

METHOD
Suﬁjects
- The subjects selected for this study were righf-handed students

tm

at.age‘levels commensurate with grades four ("youngeézf M= 119.33"
months)- and eight (5older"; M= 160.75 months) who had attended
echool regularly from the age of six years. English was the primary
langunage in't?e home of ell'subjects.- Children who had a history
of "cultural deprivation" an impairment in vision or hearing, or
‘ who were viewed as being in need of psychiatric treatment for an
emotlonal dlsorder were excluded. The WISC Performance Scale IQ
for all subjects fell within the range of 85-115 (M = 100.04). (The
- Maze .subtest was sdbsti;uted for the Coding subtest in the.determi—
' nation of WISC PIQ.) S
Retardation 1n spelllng was defined operationally as a centlle-
score of 20 or below on the Spelling subtest of thewWide Range

Achievement Test (WRAT; Jastak & Jastak, 1965). Normal spellers‘(Ne)

-were selected on the basis of-a centile score of 50 or above on the
’ Spelllng subtest of the WRAT (M = 66. 50). |

There were two younger and two older experlmental groups, and
two control (normal)groups, each representing one age level. Each
of ?he szx groups consisted of elght subjects (5 males and 3 females).

- [ The ‘subjects were matched for sex across_groups.]

One younger and one older experimental group were cotiposed of
retérdates in spelling who réndered 40% or 1ess?pf syllables mis-
speiled in a phonetically accurate manner (PIs). One younger |
.. and , one: older experimental group were composed of spelling

retardates who rendered’at least 60% of misspelled syllables in a
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phonetically accurate manner (PAs). There was no statistically |
significant difference in degree of retardation in speiliﬁg-between
PIs (M = 9%ile) ‘and PAs (M = 1li. 25%11e). Moreover; the difference
in degree of- phonetlc accuracy of misspelled syllables between
‘Ns (M = 70.87) and PAs (M = 74.00) was Bot statistically significant.
PIs, PAs and Ns were selected so as to equate these groups as
closely as possible for age and WISC Performance IQ. Analyses of
variance did not reveal statlstlcally 51gn1£1cant dlfferences in age
or WISC Performance IQ between PIs (M age = 140.00 months, M PIQ =
98,12), PAs (M age.= 140.93 months, M PIQ = 98.68) and Ns .(E age =
139.18 months, M PIQ = 103.31).

.Measure for Subject Selection —_—
| Two eiperiencéd'teachers, a male and a female, were enlisted
to dictate the words which compose the two levels of spelling lists -
on the WRAT. Their backgrounde included teaching grades L and 8 and |
residing within the- geographical region of this study for most of
their lives. They dictated these words as a spelling exercise to
a senior elementary school studene‘in a classroom. These diectations
were tape recorded and analyzed phonetically utilizing a pronunciation
symbol system provided by Cassano (1976). A phometic analysis for
each word as pronouneed Ey d teacher in a spelling exercise was thus
obtained for this. particular geographical area. Syllabic bounggfies
for each analy51s were 1mposed on the basis of the breaks in sound
heard within the pronunciation of each word. From these analyses,
a conventional phonetlc spelling of each word, reflecting syllabi-
cation in pronunciation, was rendered to prov1de conventional pPro-

nunciation guidé words (see Appendix B).
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Normal sPellers and spelllng retardates were selected through
group admlnlstratlons of the WRAT Spelllng subtest conducted by an
experienced psychometrist native to the geographical region of this
Etudy whose pronunciaiions were found to be in accord with those
represented by the pronunciation guide. Approximately 1,000 children
in groups of ebout 30 were screened using this measure.

Phonetic Accuracy

»

Degree of phonetic aceuracy was determined in the following-
manner: (1) a list of the possible phonetically accurate spellings
for each syllable of each word (see Appendix c) was compiled using
llsts of common regional pronunczatlons and common spellings provided
by Cassano (1976); (2) misspelled words were divided in such a way
as to make as close a fit as posszblé\wlth the syllablc structure of
the word in pronunclatlon as provided by the pronunciation gulde word;
(3) each misspelled syllable was scored as phonetlcally accurate only
if it was 1nc1uded within the list of phonetically accurate sPelllngs
for thas syllable prevlously complled. The ‘overall percentage of
misspelled syllables rendered in a phonetically accurate menner
represented the phonetlcally accurate error score for each spelling
retardate. - The crlterla for the selection of the PI and PA groups
were then applied for the determlnatlon of the experimental groups.

Denendent Measures

‘The Goldman—?ristoeAWooocock Test ,of Auditory Discrimination
(Géldman, Fristoe, & Woodcock, 1970), the Auditory Closure Test
(Kass, 196h), the Sentence Memory Test (Benton, 1965), the Peabody
Picture Vocabulary Test (PPVT; Dunn, 1965), the Verbal Fluency Teéb\\\_/f

(Strong), the WISC Information, Comprehension, Arithmetic, Similarities,
. . N
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Vocabulary, Digit Span, and Coﬁing subtests, and an Index of General
Language Ability (sum of raw scores for all preceding verbal tests

and subtests) were included as dependemt measures in order to inves-

- tigate the proposed relationship between phonetically inaccurate

spelling errors and impaired 1anguage'functioning. The sum of the
scaled scores for the six WISC Verbal subtests were prorated fof the
determination of Verbal IQ. The WISC Verbal-Performance IQ'discrepancy
measure utilized consisted of the algeﬁraic sum of Verbal IQ minus ~
Performance IQ (the Maze subtest being suéstituted.for the Coding

subtest in the determination of PIQ). The inclusion of the Higgins-

Wertman Test of Visual Closure (Higgins & Wertmaﬁ, 1968)‘and the

- Logico-Grammatical Sentence GComprehension Test (Wiig & Semg}, 1972)

was prompted by the possibility that the "visualization® capacity
and the presumably related ability to comprehend complex syntactical
relationships was impaired for PAs. lastly, the Reading subtest of
the Wide Range Aéhievement Test (WRAT; Jastak & Jastak, 1965) and
the Diagnostic Screening Procedure for Developmental Dyslexia

(Boder, 1973), adapted to accommodate grades seven and eight, was
utilized in exploring the pOSSlbllltY of quantitative and qualitative

differences in oral reading among PIs, PAs, and Ns. The adapted

"version of the Diagnostic Screening Procedure for Developmental

Dyslexia consists of 20 words at each of ten grade levels from the
pre-primer level to grade eight.; Beginning with ihe pre-primer level,
each word on a card was "flashed" in front of the subject for one
second. If he was able to read it, the word was recorded as having 7
been read "by sight". If he was unable to read it, the word was
presented once again for ten seconds. If he was able to read it

under this condition, the word was recorded as having been read
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by phonetic analysis. Testing wasediscontinued‘whennthe subject
~ failed to read 12 consecutive words under both conditions. A number
representlng the ratio’ composed of the number of words read "by
sight" over the number of words read by phonetic analysis was the
measure obtained. The higher this "qualitative index" the more a
“sight—word"'approach has been adopted; the lower the index, the
'more phonetic analysis has been enployed. -
oAl dependent measures were recorded and analyzed in the form
of raw scores, with the exceptions of VIQ-PIQ discrepancy scores
-and WRAT grade level readlng scores.
-All tests were administered by psychometrlsts trained extensively
in the administration of neuropsychological test batteries to children.
. The testing nas'carried out within the school attended by the subject.

The order of presentetion of tests §£e>essentially random.
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CHAPTER IXI

RESULTS

_ The Statistical Analys;s Systems designed by Barr & Goodnlght
(1972) and Barr, Goodnight, Sall and Helwig (1976) were utilized for
data analyses, employing the IEM—BGQ-éS Gomputer (Model IH with LCS).
The meang‘gnd étandard deviations for age, WiSC Performancg IQ, and
degree of phonetic accuracy for Ns, PAs, and PIs are presented in Table 1.
. . TABLE 1 |

Means and Standard Deviations for Age, WISC Performance IQ .
and Phonetic Accuracy for Ns, PAs, and PIs.

Age (in months)

M 139.18 - 140,93 140.00
WISC PIQ - |

M L . 103.31 98,68 98,12

SD o 6.46 8,67 8.38
% of Phonetic Accuracy _ ) .

M 70.87 74 .00 29,93

SD | 19.57 9.22 | 6,01

| Two~factor analyses of variance were utilized to analyze the
effects of qualitatively distinct spelling performances and age on
(1) verbal abilities, (2) the capacity Eg_.v1sua11ze", and (3) oral
reading skills, ' T .

' The means and standard deviations -for Ns, PAs, and PIs for each
measure are presented in Table 2. 1In ordef to permit meaniqgful com-
parisons amoné»test performances, all data, with the excepti;n-of

VIQ ~ PIQ discrepancies, were converted to standardized T scores. A

graphic illustration of this converted data is presented in Figure 1,

=<
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TABLE 2 -

Means and Standard Deviéiions.
for Ns, PAs, and PIs for each measure

De_ﬁendent ¥easure ’ _ Group '
(number correct unless otherwise indicated (n = 16 for each)
Ns PAs Pls

Digit Span - backward'

X . _ 4.12 3.81 3.06
sD ' 0.88 0.91 0.68
Digit Span - total . _
¥ - 10.62 9.87 875
SD 1,20 2.33 1.29
Auditory Closure® .
W _ 17.75 16,06 13.00
Verbal Fluencyb ‘
M 8.81 7.90 6.78
SD . 2.46 . 2,22 1.95
R Y .
WRAT Reading® ( grade level)
| . B . 9.14 5.01 3e54
SD : . 2.87 1l.42 1.87
Arithmetic®
M ' . ‘..10'37 . 9425 Te37
SD 1.40 1.65 1,66
Index of General Leu:tgua.ged ' | )
SD - _ 52,23 32,60 35.35
Logico-Grammatical Sentence Comprghension?
%n 44.68 41.56 36.75
22 4.04 4.61 T.05
Peabody Picture ffgca.'bularyc'
M 92,06 86.00 78.75
sp . . . : : 15.25 10.80 = 7.96
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TABLE 2 (cont'd) : -
"~
Means and Standard Deviations
for Ns, PAs, and PIs for each measure

Dependent Measure ' ' Group
(numder correct unless otherwise indicated) (n = 16 for each)
Ne PAs Pls

Similarities® v | .

X . 12,68 11.18 9437

SD 4.42 3e35 2.72
Codingh

M 48.18 42,75 39.56

sp - _ 11.73 9433 9425
Vocabulary® ‘

X - ' 41.43 34.12 . 32,187

SD / 7.63 5432 5.86
Comprehension8® |

K 14.87 11.93 10,93 °

s2 | 3.38 " 3,08 4.28
Qualitative Index® (Ratio) _ _ . |

X ' 21.93 5.99 - 7.18

SD 21.90 2.43 557
Information® ' .

) 16.56 11.62 11,56

Sp ' 4425 2,41 2.60
Visual Closure

¥ 80,00 71456 62.06

SD : 33.57 31.03 15.22
Sentence Memory ' |

X d . 15.75 14.81 13,50

i 2.48 2450 2.85
Digit Span - forward \

X A 6.50 6.06 5.68
5] : 0.73 1,61 1.07



TABLE 2 (cont'd)

Means and Standard Deviations
for Ns, PAs, and PIs for each measure

Dependent Measure o . Group
(number correct unless otherwise indicated) (n = 16 for each)

-

Audito::,r Discrimination - noise

.| 20,06 21.06 19.87

EQ N ) * 2.99 2.86 2.52
Auditory Discrimination - quiet : 7

¥ 27.31 27.87 27.62

S 1,62 1.40 1,70
VIQ-PIQ Discrepancy® . | )

X 5.00 =550 —9.56

Q ' - . - 10. 72 7- 40 11092

g

(@)

(v)

(c)
()

(£)

(8)
(n).

Comparison between Ns and PIs and PAs and PIs yields p = ,01,

Comparison between Ns and PIs yields p = .0l; comparison between PAs and. Pls
Yields p = Q5.

Comparison between Ns and PAs a.nd Ns and PIs and PAs and PIs yields p = .0l.

4
Compar:l.son between Ns and PAs and Ns and PIs yields p = .0l; compariscn

between PAs and PIs yields p = .05,

Comparison between Ns and PIs yields P = .01; compa.nson 'between Ne and PAs
and PAs and PIs yields 3 = ,05.

Comparison between Ns and PIs and PAs and Pls y:Leld. P = «0l; comparison
between Ns and PAs yield p = .05.

Comparison be'h-'een Ns and PAs and Ns and PIs yield p = .01,

Comparison between Ns and PIs yield p = .0l; comparison between Ns and PAs
yield p = .05.
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Thére were nO'étatistically significant differencés between pairs
of PIs, PAs, and Ns in the discfimination of speech-sounds under_\\\_h
conditions of "quiet™ and "noise" (Test of Auditory Discrimination),
in immediate memory for audiéory—verbal information (WISC Digit Span
subtest - forward and the Sentence Memory.Test), and on the Test of
- Visual Closure, Statistically significant differences were obtained
~ between pairs of these groups on the WISC Digit Span subtest — backward,
the WISC Digit Span subtest - total, the Auditory Closure Test, the
Verbal Fluency Test, the WRAT Reading'subtest, the WISC Arithmetic
subtest, the Index of General Language Ability, the Logico-Grammatical
Sentence Compreheﬁsion Test, the Peabody Picture Vocabulary Test,
the WISC Similarities subtest, the WISC Coding subtest, the WISC
Vocabulary subtest, the WISC Comprehension subtest, the Qualitative
Inikf, and the WISC Information subtest. _

Utilizing the Newman-Keuls statistical procedure, it was found
that tﬁé-performances of Ns and PAs were significantly more efficienf
than those of PIs (with the differences between Ns and PAs being
statistically nonsignificant) on the following méasures: (1) wIsc
Digit Span subtest - backward; (2) WISC Digit Span subtest — total;
(3) Auditory Closure Test; (4) Verbal Fluency Test. '

. Ns, PAs, and PIs differed from one another in a statistically
significant fashion in the order N§>'PA5)-PIS on the following measures:
(1) WRAT Reading subtest; (2) WISC Arithmetic subtest; (3) Index of .
General Language Ability; (4) Logico-Grammaticél Sentence Comprehension
Test; (5) Peabody Picture Vocabulary Test; (6) WISC Similarities subtest.

The performances of Ns were statistically superior to those of .

PAs and PIs (with no significant differences being reflected between

PIs and PAs) on (1) the WISC Coding subtest, (2) the WISC Vocabulary

- . ¢
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subtest, (3).£he WISC Comprehension subtest, (4) the Quaiitative
Index, and (5) the WISC Informatién subtest.

The spelling factor yielded a highly signifigant main effect
on the WISC Vefbal—Performance IQ discrepancy measure which-is'
jllustrated graphically in Figure 2., Further analysis of -the
differences petWéen pairs of means revealed that Ns differed in a
statistically significant manner from PAs aﬁd Pis but that thé
latter two groups did not. |

Statistically significant developmental maln effects were found
for all measures with the exception of WISC Digit Span subtest -
EZEkward, WISC Digit Span subtest — total, WISC Digit Span subtest -
forward and the Test of Auditory Discrimination (quiet condition).
The means and standard deviations for Ns, PAs, and PIs at the younger
and older age levels are presented in Table 3.

Statistically significant interactions of the factors of spelling
—and age were obtained for the following measures: (1) WRAT Reading
subtest; (2) Qualitative Index; (3) WISC Information subtest; (&)
- Index of General Language Ability; (5) Peabody Picture Vocabulary
Test. ‘These interactions are presented graﬁhiqally in Figure 3.
Analysesj?f simple effects were. carried oﬁt in order to determine
statistically the nature of these interactions. The WISC Information
subtest, the Peabody Picture Vocabulary.Tesi and the Index of General
language Ability yielded measures wh;;h indicated (1) no statistically
significant differences between pairs of PIs, PAs, and Ns at the |
.younger age level, (2) a significant ﬁositivé developmental effect
for Ns and PAs, and (3) statistically significant differenceS’between
older spellers, The Newman-Keuls procedure revealed that the perfor-

mances ef older Ns were statistically superlor to those of older PIs
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and ‘older PAs on these three measures. Moreover, the performances, of
older PAs were significantly more efficient than older PIs on only one
of these three measures, the Peabody Picture Vocabulary Test.

Significant differencés in perfor%ance on the WRAT Reading
subtesﬁ measure were obtained between pairs of younger spellers, and
pairs of.older spellers. -Further analyéis of the differences between
pairs of means indicated that younger Ns and older Ns were signifi-~
canﬁly superior to younger PIs and PAs.and-older PIs and PAs, respec-
tively. Although younger PAs did not differ statist;éally from
younger PIs in level of performance in oral reading, olderﬁPAs were
significantly better thaﬁ older PIs. A significant age effect (which
was positive in direction) was in evidence solely for Ns on the WRAT
Reading measure.

The differences between younger PIs, PAs, and Ns on the |
Qualitative Index measure wexe statistically non-significant. However,
significant differences obtained on this measure for older-PIs; PAs,
and Ns. The Newman-Keuls procedure revealed that older Ns were

significantly different from older PIs and PAs but that the latter
. = -

&

two groups were not. A positive age effect which was_étatistically
significant was obtained only for Ns. .
Spearman rank order correlation coefficients were obtained between
the measure of éhonetic accuracy of misspellings and all dependent“l
measures within each individual N and PA group (PIs were excluded
because their range of phonetic accuracy was restricted). Phonetic
accuracy was fouﬁd to correlate signifiéantiy with the following . .
measures for Ns: (1) Sentence Memory Test .72 (p = .01); (2} WISC
Digit Span subtest - backward .66 (p = .01); 52) Auditory Closure
Test  «64 (p = «01); (&) wIsc Digit Spgn‘subtésgg- total .56 (p = .05).

- | \
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The meaéure of_ phonetic accuracy of spelling errors for PAs did not
_.correlate significantly with any oif 't_he depend"ent measures utilized -
in this studys The cérrefl\ations obtained between phoﬁetic.accuracy
and the _1atter four measﬁfe‘s within the PA group are presented for the
purpose of comparison: (1) Sentence Memory - .18; (2) WISC Digit
Span subtest - backward = «03; (3) Auditory Closure Test .00; (L) WISC
Digit Span subtest - total oOke |

“ .
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CHAPTER IV
DISCUSSION

Hypothesis la was strongly supported.. The language abilities
of PIs were, in general, significantly ingerior to thdZe of PAs
and Ns. This deficiency was reflected rather clearly in an
accumulative measure of language skills (Index of General Language
‘Ability). The finding of a sigﬁificant_positive relationship
between phonetically inaccurate spelling retardation and a gener-—
alized impairment in.lanéuage functioning relative to PAs and Ns
is in line with the conclusions of Kinsbourne & Warrington (1964)
and Newcombe (1969) that phoneticaily inaccurate spelling errors
are associated with dysphasia. However PIs, relative to PAS and
Ns, did not perform in an impaired manner on all of.the component
measures of the Index of General Language Apility as predicted on
the basis of Luria's néuropsychological model of the spellihg
process. Measures of phonemic hearing (Test of Auditory Discrimi- -
nafion) and immediate memory for audito}yhverbal information
(Digit-Span-forward and Sentence Memory'Test) did not discriminate,
'significantly, PIs from PAs and Ns. Hence, some doubt is cast upon
the possibility that the principal material substrate of phoneti-
cally inaccurate spelling is significant dysfunction within the
secondary zoneé of the left (dominant)'temporal region.in children.,
Although PAs were quite similar to Ns in their performance in
Tetrieving words beginning with particular sounds (Verbal Fluency) .
and on some tests involving immediate auditory-verbal memory and

some form of processing (Digit-Span-backward and Auditory Closure),

/ :
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they were not exempt from linguistic deficiencies. PAs ébtained
Indices of General.Language Ability which .reflected significantly
inferior language development relative to Ns.

A statistically significant difference in WISG Verbal-
Performance IQ discrepancy (irA the direction of low Verbal IQ -
Hypothesis lb)\gid not obtair between PIs and PAs, altﬁough PIs
did exhibit a VIQ-PIQ discrepancy (in the direction of low Verbal
IQ)-which was somewhat gfeater than that of PAs.. A highly éigni—
ficant difference in VIQ-PIQ discrepancy scores was found between
PIs and PAs (whose discrepancy scores teﬂded to be in the direc¢c-
tion of low Verbal IQ) and Ns (who tended to exhibit discrepancies
in the direction of high Verbal IQ). From a statistical point of
view; these results would not support the contentions of Nelson &
Warrington (1974) that a preponderance of phonetically inaccurate
spelling errors is associated with a greater VIQ-PIQ discrepancy
(in the direction of low Verbal IQ) than is an excess of phoneti-
cally accurate spelling errofs. However, it should be made clear
that‘this ahalysis of the possibility of a relationship between
phonetically inaccurate and phonetically accurate spelling errors
and VIQ-PIQ discrepancy scores dcés not represent an exact repli—
cation of the Nelson and Warrington (1974) study since the Maze
subtest was suﬁs;ituted fof the Coding subtest in the determination
of PIQ in ihe curfent investigation. The positive direction of the
discrepancy score differénces for PAs'relatiﬁe to PIs and the
significant differences in these scores for Ns (in the direction

of high Verbal IQ) as compared to PIs and PAs would seem to directly
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reflect one principal finding of this study: that PAs tend to |
fall in an intermediate position between PIs and Ns in the devel

opment of many language skills,

1

The results pf this study, in the pain, do not support
Hypothesis 2a. PAs were not significantly inTerior to PIs and Ns
in visualizing common objects on the basis of pictorial clues of
drawings of these objects. Younger and older PIs, PAs, and Ns
separately or in combination did not differ significantly in their
per?ormances on the Test of fisual Closure. This result provides
liptlé‘support for.the contention that a specific deficit in
language-related "visualizing" underlies t@e production of a
preponderance of phonetically accurate sﬁelling errors. PAs did

not exhibit performances on the Test of Visual Closure which wduld,
'relative to the performénces of Ns and PIs, reflect a deficiency
viewed as concomitant with dysfupction within the parieto-temporo-
occipital region of the left cerebral heﬁisphere (Luria, 1973).

. The order of level of performance of these three spelling
groups on the Test of Visual Closure was similér'to that obtained
for most language”measures (i.e. Ns)> PAs)> PIs) which would raise
the possibility that the language regnirement of this test (i.e., the
retrieval of a verbal label) was somewhat operative in determihing
the- order of lével of performance. Hypotheses 2b and 2¢ (i.e.

Ns> PAs> PIs) were strongly supported by the results obtained. PAs
demopstrated significantly impaired levels of performance relative
to Ns in the comprehension of relatively complex logical—grammétical
‘relationships (Hypothesis 2b). Furthermore, PAs were significantly

superior to PIs in the comprehension of logical-grammatical



37

relationships (Hypothesis 2¢). These significant differences
between'?Is, PAs, and Ns in the cemprehensien of logical-gramma—
tical relationships provide further support for the contention
that the development of general.language ability associated with
these three groups is in the order Ns) PAs) PIs.

The generalized 1mpa1rment in language functlonlng exhxblted
by PIs and PAs is reminiscent of thé% observed in adult patlents
with well-documented lesions of the left cerebral hemisphere
(Luria, 1973; Reitan, 1966). Furthermore, PIs and PAs as a. group
would appear to be reminiscent of the'dyslexic.children studied by
McLeod (1965) and Ackerman, Dykman and Peters (1976) who exhibited
a significant level of impairment on the WISC Digit Span, Arithmetic,
and Coding subtests. The skill(s) tapped by the latter WISC subtests

" have been referred to as the "sequencing" factor by Ackerman et al.
(19?6) and Bannatyne (1974). ._'

The hypothesis that the superiority of'PAs over PIs in
language abilities in general woul@ be significantly greater at
the *older" as compared to the "younger" age‘leve;.(Hypothesis 3)
was not supported. Whatever the nature of the disorder(s) under-A
'lyiné phonetically inaccurate spelling, the discrepancy in general
language functlonlng (2s measured by the Index of General language
Ablllty) between Pls and PAs was very smmllar at both age levels.
In contrast, there was a dramatic, positive shift in level of
general language functioning for Ns relative to PIs and PAs from
the "younger™ to the "older" age level.

The finding that the levels of oral reading ability (as

measured by the WRAT) of PAs were significantly superior to those
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of ?Is and significantly inferior to those of Ns provided clear
support for Hypothesis 4a. Moreover, the developmental patterns
of oral reading ability for these thfée groups of spellers was
reminiscent of thése exhibited for the Index of General Language
Ability méasure; that is, the discrepancy in oral reading ability
between PIs and PAs was similar at both age levels (the effect of
age on this measure being non-significant fof both groups) and a
marked, positive shift in orzl reading ability from the "younger™
to the "older" .age level was exhibited only by Ns.

In a longitudinal study by Burgher (1976), retarded readers
were found to exhibit a significant}y greatér number of phoneti-
cally inaccurate spelling errors as compared to normal readers in
grades 2, 4, 5, and 6. This finding supports the contention
refiected in the cross—-sectional data of this study that a pre-
ponderance of phonetically inaccurate spelling errors is related
consistently with retardation in reading ability. The pérsistence
of a2 relationship between reading‘rétardation and phonetic inac-
curacy in spelling over a time span of four years in Burgher's
study is consistent with the "deficit"™ position in the "deficit-
lag" theoretical controversy regarding reading retardation
(Rourke, 1976).

The Qualitative Index measure provided little eQidénce that
(1) PIs adopt a "sight—word" strategy in order to attempt to
circumvent their reading problems Telative to PAs and Ns -
(Hypothesis 4b), (2) PAs exhibit a significant qzer-reliance upon
phonetic analysis in reading as compared to PIs and Ns (Hypothesis

Lkc), and (3) the reading approach of Ns reflect a balanced interplay
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between wsight" and "phonetic" styles (Hypothesis 4d). ?he quali-
tative indices of Ns were significantly higher than those of PIs
and PAs which were not Significantly’different._ In retrospect,
there is little reason ﬁe predict that PIs would be eple to ‘read
correctly words “"by sight" since their ability to *unlock" words
through initial phonetic analysis would be deficient. The measure
of qnalitative approach to reading utilized in this study, a ratio
between the number of words read "by s;ght" and through phonetic
analysis, is a composite of onl? qorde read correctly — a2 measﬁre
of effective reading strategye. Coneeqnently, this'measure would
not reflect the possibility that PIs are attempting to read on the
basis of a limited number of distinctive features of a word but
are unsuccessful in so doing. A more meaningful measure of reading '
style for PIs as well as for Ns and PAs would have been a ratio
between the number of words attempted "by sight" and the number of
words attempted by phonetic analysis {since level of development
~in reading would not be. reflected in thls measure). h

The 1ntermed1ate position of PAs relative to PIs and Ns in
oral reading develoPment would tentatlvely support the contention
that while PAs are quite capable of reading words of high grapheme-
phoneme correspondence, they encounter cqnsideragle'difficulty in
reading words with a low grapheme-phoneme correeﬁondence. The
significant differences ir Qualitative Index (with Ns obtaining
much higher indices) between-PAs and Ns-Would indicate that this
may be the case. Nevertheless, the fabsence of a significant
dlfference in qualltatlve index between PIs and PAs precludes a?yu

meaningful support for thls p0551b111ty. ' -~
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The qualitative indices of Ns did not' £211 in an intermediate '
position between PIs and PAs.as predicted in Hypothesis 4d. Ns exhi~
bited a significantly betser developed effective “sight—worc" approach
than did PIs and PAs in reading orallf. This would suggest that Ns,
being able to "unlock" unfamiliar words with a close grapheme—phoneme
correspondence through phonetic analy51s and assimilate stable "Visuali—

zations" of words with a low-grapheme-phoneme correSpondence, develop

~a significantly more effective nsight-word" vocabulary than PIs and PAs.

- It may be worénwhile, from an heuristic point of view, to specu-
late as to the naturé of this genmeralized impairment ‘in language
functioning for PIs and PAs on the basis of an evaluation of linguistic
complexity for, those measures which did and did not discriminate signi—
ficantly among younger \and older PIs, PAs, and Ns in some fashion.

Impligations for Future Research

‘ Measures of tng'perception of,speech—sounds (Test of Auditory
Discrimination), immediate memory for auditory;verbal information
(Digit—Spanrforward and Sentence Memory) and the retrieval of simple
verbal labels for a 13&; '

;ted number of pictorial clues of drawings of

_ common objects (Visual Closure) did not discriminate PIs, PAs, and Ns

significantly. However, when these three groups were required to

———///(l) process, in a rather circumscribed manner, short strings of words

or phonemes and (2) report the results in a- relatively short word

\‘string (Digit-Span-backward and Auditory Closure), bthe performances

of PIs were .significantly inferior to those of PAs and Ns (with no

_ significant differences in the performances of PAs and Ns). These

observations would suggest that one adaptive deficiency contributing
to the relatively low level of 1anguage functioning of PIs is an

impairment in being able to.perform, at a rather rudimentary level,
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some basic operation on word strinés rather limited in length and to
reflect the results of this cognitive process through a relatively
'short sequence of words. It wogl&‘eppear ;hat PIs, relative to Ns
and PAs; are encountering pronounced difficulty in coping with tasks
| involving .even a mlld degree of "language-related cognitive complexity".

The relatlonshlps between Ns and PAs in regard to levels of
performance changed significantly on tasks which involved (1) appre-
ciating the meaning of interrogatives composed of strings of words
of varied lengths, (2) processing this information on somewhat higher
cognitive planes than require& on tesﬁs involving the execution of a
simple operation, (3) formulating a brief answer consieting of one or,
two words or a pointing gesture (Arithmetic, Logico—Grammatieal Sentehce-
_ Comprehensibn,_?PVT, $ipiiarities). Measures of this'natu{e discrimi~
nated these groups in the order Nsp PAs > PIs. A seemingly sigf:ifi—
cent increase in the level'of cognitive complexity regquired for .
language tasks discriminated Ns aﬁd_PAs,'suggest‘ that PAs encounter
significant difficulty when tHe level of cognitilnﬁaemand of a
.language task rises above a partlcular cr1t1ca1 level.

A dramatic shift in the relationship between performances of PIs
and PAs was in.evidence on tasks involving either (1) the formulation )
of reiatively lengthy, complex, syntactical strings (Vocabulary, and
Comprehension), or (2) the retrieval of relatively specific wverbal
information (Information), er (3) the rapid associaeion of elehgphy
sequence of numerals with geometric configurations (Coding). PIs and
PAs perforﬁed in a verﬁ similar manner and were significantly inferior
to Ns on tasks of this nature. This shift in level of perfermance for
PAS from that of an intermediate position between PIs and Ns would

sugegest that the adaptive difficulties of PAs are enhanced when ;he.

\



-42‘

,langhﬁge or languagé—related demands of a task.are increased. It wopld
appear ﬁhat the level_of'pérfofmanqe of PAs on any one task is related
direttly and inversely with the level of language-related éogniﬁive
complexity required. | .

Tt is most interesting to note that measures for thé comprehension
of individual spoken words (PPVT) and the éompreheﬁsion and retrieval
of small amounts of relatively specific verbal information (Information)
did not discriminate these three spelling grdup§,at the "younger" ‘
age level but did differentiate them significantly in the order
Ns) PAs> PIs (PPVT) and Ns>PAs = PIs (Infofma-.tionj at tlize. woldert
age leve., This may suggest that PAs and Pls havqﬁa rather limited
“capacity, relative to Ns, to store in memory word meanings and
'speéific verbal informmtfon but that this caﬁacity is taxed beyond
i%s limitations only after tle "younger" age level. However, when
-these spelling groups wére required to reason abstractly’ in response
to small amounts of verbal information (Similarities) they were
discriminated at both age levels in the order Ns > PAs >PIs. Tt
would appear that PIs and PAs at tﬁe "younger™ age level encouhter
significant difficulty not only when auditory—verbal'information
'£Ohbe—processed is relatively lengthy, but also when the proceséing

of even small amounts of such 1nformat10n requires 2 critical level

-

of abstract reasoning,

The following possibilities emerge in speculating as to the
nature of the exhibited generalized impairment in language func- '
_tioning for PIs and PAs:. (1) PIs encounter significant-difficulty,
- relative to PAs and Ns, in performing rather basic, rudimeﬁtary,

operations on word strings rather limited in length. This deficiency

L
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“would seem to inhibit the proper development of “higher-level®
iinguistic abii;ties; (2) PAs'experience a mild deficiency, relative
to Ns, (a) when required to reason abstractly in résponsg to rela-
tively short strings of auditory—verbal information, and (b) in pro-
cessing relatively lengthy syntactical strings; (3) PAs encounter
moderate difficulty, relati;e to Ns, in formulating relatively lengthy,
complex, syntactical strings in response to aud1tory~verbal information.
" The possibility that degree of cognitive complexity of task
requirement represents a formidable obstacle for PAs, and to a greater
extent for PIs, in the development of language abilities would appear
. to have cons;ﬁerable import for the development of spelling and
reading skills. It would be expected that, relative to PAs and Ns,
PIs would encounter extreme dlfflculty in completing those processes
ﬂthought to be carried out in spelling beyond simple immediate memory’
for the word {(i.e. phonemic segmentatlon and "visualizing" letters and
words). PAs, on the other hand, because of their better developed
skills in cqgnitive processes, would experience minimal difficulty in
segmenting égonemically and "visudlizing" letters and ﬁofds if such
words had a relatively high phoneme—grapheme correspondence (because
of the relatively simple associational procedure involved). However,
if a word po—be-spelled had a relatively low phoneme-grapheme corre-
spondence, the cognitive process involved would most assuredly
become more compléx. In this context, PAs would, seemingly, experience
conszderable difficulty in process;ng or screenlng numerous alterna-
tive p0551b111ties as to what the word "should look like" and, not
having conjured up an accurate "visualization" of the word, would

"gimplify" the task by focusing on phonemic structure principally and
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spell in a phoneﬁically accurate fashion. If PAs were dealing ﬁith
this hjﬁothesized deficiency through “simélification", high significaht
positive correlations between degree of phonetic accuracy in misspel- _
lings and measures involving short-term memory for auvditory-verbal
information would be readily:forthcoﬁingl -However, high significant
- pésitive correlatidns between—tgése measures were obtained in this
study solely for Ns and not for PAs suggesting (1) memory }or auditory- -
verbal information is strongly associated with normal.spelling, and
(2) phonetic accuracy is flot necessarily contingent upon the develop=-
ment of immediate memory for auditory-verbal information. On the

other hahd,‘if PAs were attempting to compensate for this hypothetical
defic¢cit in pfocessing language by adopting some form of strategy

(eegey verbal rehearsal), very low correlations between degree of
phonetic accurac} and measures involving auditory-verbal memory would
be expected. The finding of no correlatiogal rekationship between
degree of phoneti& accuracy and measures iﬁvolving immediate auditory-
_{;verbgl memofly would lend some support to the possibility that PAs adopt
a stratégy for “compengatory" purposes in the spelling process which
is, at best, ineffective.

The nature of the language deficiency of Pls, as reflected in the
data of this study, would suggest that‘this group of spelling retardates
may be encountering a sigﬁificant impairment in synthesizing a sequence
of spgeEh-éaﬁids once retrieved. PAs, on the other hand, due to their
hypothesized difficulty in pérforming liﬁguistic operdtions Ya step
above" basic, rudimentary processes, may be experiencing some difficulty
in reading words with a low grapheme~phoneme correspondence.

It has beeﬁ noted that the generalized deficiency in language

functioning exhibited by PIs and PAs is reminiscent of the language
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difficulties observed in adult patienis with well-documented lesions i
of the left cerebral hemisphere. On the basis of clinical observation
. of patients with lesions within the' parieto-temporo-occipital region
(known as thé wtertiary® area) of the left cerebraI hemisphere, Luria
(1973) has deduced that this cortical region mediates the synthesis ‘
of modality-specific information (especially concerﬁiﬁg 1anguage),‘
is involved in the integration and further processing of past and
present language-related information, and plays a crucial role in
the appreciation of ‘temporal and quasi-spatial relationships trans-
mitted through language. It 'would be expected that dysfunction within
this region would effect a significant disturbance in the processing
and generating of language at various structural levels (i.e. phonemic,
phonetic, morphemic, and syntactical) and could bring about a geheral
deficiency in linguistic competencies. The increases in level of
impairment from PAs to Fis in language-énd language-related cognitive
processes, as reflected ¥ the data 6f this study, would suggest the
~ possibility that the diffe;encés in adaptive deficiencies between
theselgroups is quantitative rather than qualitative .in nature. 'In
. addition, on the basis of Lurla's model of brain~behaviour relation-
ships, the general pattern of adaptive deficits exhibited by both
PIs and PAs would not rule out the possibility of dysfunctlon within
the parleto-temporo-occ1p1tal region of the left cerebral hemisphere,
with thls hypotheszzed dysfunctlon being somewhat more extensive for
PIs. However, it should be emphasized in regard to the latter possi-
bility, that a neuropsychological account of the adaptive.problems of
PIs and PAs in only one of perhaps many possible theoretical explana-

tions,
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A deficif’in_selective attention has frequently been- invoked for
the explanation of specific dyslexia and, indeed, learning disabilities
in general. TIn addition, this approach would seem, at first glance,
to be particularly attractive as a general explanation for the adap—~
tive deficiencies exhibited b# PIs‘and PAs in the current study, since
most of the measures that discriminated PIs and PAs from Ns reeuired
some degree of sustained attention. If an impairment in selective
attention was underlying the 1mpa1rment in language abilities exhibited
by PIs and PAs it would be expected that significant deficiencies

would be in evidence in. regard both skills of a verbal and non-—-

verbal variety involving selegtive attention. A ﬂumber of language
me%eures employed in tHis study involving selective attention did not
reflect differences in attentionai skills among PIs, PAs, and Ns.
Noreovef, Sweeney (1976) tested the selective attention hypothesis

in a preliminary study of the adaptlve szgnlflcance of phonetically
accurate and phonetically 1naccurate spelling erfggg’;n,whlch he
controlled for WISC Full Scale IQ. His analyses revealed that Pls,
PAs, and Ns did not differ significantly in regard to memory fgi
non-verbal visual-spatial information and WISC Performance IQ. On
the other hand, these groups differed significantly on numerous
measures of language and language-related abilities. It would appear,
thefefore, that the adaptive differences between these groups are
linguistic in nature suggesting that a theofetical explanation of
their.sﬁelling difficulties based on a deficit in selective attention

is less than comprehensive.

>
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CHAPTER V ::>

SUMMARY AND CONCLUSIONS

The purpese of thls study was to explore the possibility .y that
a preponderance of phonetlcally accurate and phonetically inaccurate
spelling errors”in younger and older chlldren retarded in the ability
to spell were assoc1aped with qualitatively different, perhaps brain-—
related, adaptive deficiencies. To that end, hypotheses were formu-
lated as to relationships between phonetically accurate and phoneti~
¢cally inaccurate spelling retardation and language an& language—related-
deficits on the basis of Luriats (1973) neuropsychological model of
the spelling prdcess. | |

The performances of younger and clder phonetically accurate
spelling retardates (PAs) and phonetically inaccurate spelling
retardatee (PIs) and normal spellers (Ns) were compared across‘e wide
range of language and language-related measures. Although some support
was obtained for‘ghe contention that PIs are, in general, inferior
to PAs and Ns in the development of laﬁguage abilities, the nature }
of the deficiency which appeared to be ﬁnderlying this iﬁpa
was not in line with that originally propoSed. The hypotheses that
PIs were significantly impaired in phonemic hearing and/or immediate
memory for auditory—verﬁal information were not borne out. Inter-
estingly enough;howev;r, PIs -performed consistently in an impaired
fashion relative to Ns and PAs on tests which involved the carrying
out of some elementaryoperations on relatively sh sequences of
word strings (e.g. WISC Digit Span-backward). Onjthe basis of this
finding, the possibility was raised ehat PIs, relative to Ns and PAs,
are encountering pronounced difficulty in coping with tasks involving

even a mild degree of language-related cognitive complexity.
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There was little evidence to suggest that, as originally
hypothesized, PAs were deficient in the ability to "conjure up"™
. language-related “visualizations".. ﬁowever, they did exhibit a
géneralized impairment in language functioning relative to Ns.
Moreover, in comparison to Ns, PAs encountered cons%sfgg; difficulty
in- comprehending and proéessing strings of words of varied lengths
which transmitted meaningful information. The level of performance
of PAs appéared to deteriorate even fufthéf relative to Ns when they
were requifed to comprehend and process, and/or formulate relatively
lengthy, complex, syntactical strings. It would appear, then, that
in general, the level of performance of PAs on any one task is
related directly and inversely with the ievel of language-related
cognitive domplexity required beyond a particular critical point.

The résults of this study would appear to have considerable
import for the understanding of spelling disorders. It would be
expected'that, relative to PAs, PIs would encounter_;;treme
difficulty in completing those processes fﬁought to be carried out
in spelling Beyond simple immediate ﬁemory for a word,i.e. phonemic
segmentation, and "visualizing® letters and words. In addition, PAs may
é;;erience minimal difficulty in phonemically segmenting and

Visualizing" letters and words in comparison to PIs if such words
ha relative high phoneme-grapheme correspondence. If, on the

other hand, the word—;:zbe spelled has a felatively low phoneme-
graphege correspondénce, thé cognitive process involved would most
assuredly become more complex,perhaps rendering it somewhat unlikely
that PAs would be able to screen all of the numercus alternative -

possibilitie;\qs to what -the word "should look like®., In this context,

PAs may elect to spell in a rigid, phonetically accurate fashion.
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‘A measure of oral reading abiliﬁy discriminated these groups .
significantly in the order Ns»PAsp»PIs. This raises-the rather
tentative possibilities, in the framework of the results of this
study, that in reading orally (1) PTs may be encountering érsigni-
ficant impairment in synthesizing a sequence of speech-sounds if
retrieved successfully and (2) PAs may be experiencing some diffi-
culty in reading words with a low grapheﬁe—phqneme correspondence
because of processing difficulties béyoﬁd a simple letter--sound
asgociational system.

The data of this stud; éould suggest that, in general, the
differences in adaptive deficiencies between PIs and PAs ate
quantitative rather -than qualitative in nature, with PIs exhibi-
.ting a significantly greater degree of im@airment than PAse.
Furthermore, differences in degree of impairment in verbal abstract
reasoning and in the processing of relatively lengthy word string§
_between PIs and PAs would appear to be very similar ét both the |
| vvounger"” and "“older" age levels. On the other hand, little
difference in degree of impairment in formulating relatively
lengthy syntactical stringé was in evidence between PIs and PAs .
at each age level.

Thernature of this difficulties exhibited by PAs and PIs in
thié study are in line with the "higher order™ language-related
processing difficulties attributed‘%o adult patients with lesions
within the tertiary region of the left ce;ebralwgemisphere byr
Luria (1973).
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APPENDIX A

Over the past two decades, researchers have pe;Bisted iﬁ attempt-
ing to elucidate nelationships between level of performance in speiling
and "basic® abilities in a search for those skills underlying the
ability to spell., The results of a study by Russell {1955) suggést-
that auditory-verbal abilities are more important for the development
of speiling in the lower, as opposed to the higher, grade levels. In
a further study of the characteristics of.good and poor primary grade
spellers, Russell (1958) éoncluded that sSound recognition (or phonemic
analysis) in various parts of a word is more closely related to spelling

-

ability (r = .66, p £ .01) than is discrimination of sounds of whole
words in same—diffenent (r = .22, p > .01), or rhyming tests‘(g = .22,
p > .01). ther interesting findings of this study were that reading
,ability was'significently releted to achievement in spelling (r = .65,
p £ .0l), and that the zbility to comprehend verbal information pre-
sented orally was not as closely related to achievement in spelling
(r = 33, p«< .01) as may be commonly expected.
In a more extensive correlational analysis of factors related
to spelling achievement-using 498 grade six students, Newton (1961)
found that the most significant factor sﬁudied was verbal psycho-
metric intelligence (r = .68), as measured by the Lorge-Thorndike
Intelligence Tests, Verbal Battery (1954). Other correlations found
were as follows: non-verbal-psychometric intelligence, ~$39; spelling
phonetic syllables, .60{ phonetic analfsis, 633 reading vocabulafy,
.61l; word derivation, .60; word necognition, .553 accurate pronun-
ciation, .51; visual memory, .44; visual discrimination, .40; struc-
- tural analysis, .38; auditory discrimination of syllables, .36;
auditory discrimination, 243 and auditory.memofy,:;.BE (p< .01 for

all rs). The high correlations of spelling phonetic syllables and
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phonetic gnalysis with spelling achievemént suggests that phonetic
analysis contiﬁhes to plé; an important rdle in spelling achievement
with children beyoﬁd the primary grades. The relatively low coeffi-
cient of correlation obtained between auditory memory and spelling
achieyement suggests that thiélfactor may be of little sigﬁificance
in regard to the development of spelling skills in older children
(although, intuitively, it would appear that educators in general
would probably have some difficulty in accepfing this conclusion).
The contributions to variance in §pelling achievement by the two
most statistically significant factors studied, verbal intelligence
‘and spelling phonetic syllables, was 16.77% and 14.21%, respectively.
Approximately 7% of the variance was contribuﬁed by each of the
following factors: accuréte pronunciation, word recognition, .
phonetic analysis, reading comprehension and visual memory (the
ability to remember the forms of words).

Bannatyne and Wichiarajote (1969), in studying the relationship
of auditory~ and visual-sequential memory to spelling achievement,
found that performance on the-AuditorYAMotor Sequencing and Visual-
Motor Sequencing subtests of the Illinois Test of Psycholinguistic
Abilities (ITPA; McCarthy & Kirk, 1961) did not differentiate between
good and pdor third grade spellers. However, when Peters (1970) asked
children to wripe from memory words presented on flash.cards, she
found their performance to be highly correlated vith séelling achieve—
ment. bay and Wedell (1972) selected children(£;£ween'the ages of
eight and ten on the basis of high-low and low-high pattermns of
performance on the Visual-Motor Sequencing Test (?MS), froﬁ the-
experimental version of the ITPA, and the Stambak Reproduction de

Structures Rhthmique (RSR; Stambak, 1964) ahd, with the inclusion
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df a control group, compared spelling performantes, Thé three groups
did not differ significantly in level ofSpeii:ng achievement. |
However, the group whose performance on the Rsh test was substantially
‘higher than that on the VMS test made significantly fewer syllable
cohfusions (e.g., becus for because) than the other two groups.
This finding would appear to.suggest that the ability to appreciate
fhythmic stimulation is advantageous in perceiving accurately)phonemes
in sequencee. | |

The econclusion that the spelling of a considerabie percentage -
of words is not predictablé from phonic generalization of spelling
rules (Dévis, 1972) and Brown's {1970) suggesfion that many- words
are learned as units, prompted Walker's (197L) proposal «&hat visual
memory could be an important underlying mechanism in spelling per;
formance. He measured vividness of imagery for uhdengraduate
university‘students uéing the shortened form of Bet?s' Queétionnaire
Upon Mental Imagery (Shéehan, 1967). He found that poor visualizers,
as compared to good.visualizers, made significantly more erroéé_which'
were not due to faulty pronunciation or inapplicablé-phonic gener-

alization. This finding would appear to suggest that poor visualiza-

. tion skills may underly the production of a qualitatively distinct

type of spelling errore. _

A clear picture of the composite of abilities which.underly
thé development of_the’éompléx.skill of spelling does not seem to
have emerged from the research done up to the present timgf This is
not at all surprising when it is considered that the complexity of
the skill.may necessitate different abilities beiﬁg involved at —

different levels of performance. In summarizing,tﬁe research reviewed,

the following factors appear to be related to spelling achievement

&%
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for both younger and older childfén: (1) level of development of

verbal skills in general; (2) phonetic analysis; (3) memory for the -

visual forms of words; (h) recognition of the gr\§h1c form of orally
presented words; and, (5) :egding comprehension. Tne research
suggests that auditoryévegbgi memory abilities (at least for older
children) are mnot intimately related to spelling achievement. There
is also 1little evidence of any significant relationships between
non-verbal psychometric intelligence and achievepent in spelling.

L o
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