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ABSTRACT |
Two studies were conducted %o determine whether the
consonant errors displayed by readers with severe reading

disabilities are the result of phonetic rather than visual ¢
substitutions. In the first study, the reading and spelling N ,
performance of three groups of readers with average IQs b ! i)
reading levels two years below ¢rade level, was compared ¢ith Whidy of
matched contruls, using a list of 96 one-syllable nonsense words: v

Subjects in all ‘groups made more phonetic than visual substitutions,
showing that even among those with severe reading disabilities
linguistic confusions account for reading problems. Also, subjects
from a'l three test groups, but not from the control groups; made. as
many or more cousonant additions than they did phonetic substitutions
in both the reading and spelling tasks. A qualitative, post-hoc
analysis of the errors suggested that these additions may have
resulted from the test subjects attributing phonemic status to the
intermediate articulations approximated when sounding out a nonsense
wovd (such as, ope to olpe). It was thought that suhjects might rely
on such an articulatory strategy if they had an inaccessible or
poorly developed phonological system. The second study was designed
to test thig articulatory strategy explanation. A list of 262
one-syllable nonsense words was developed to test specific
predictions emerging from the study. Results from the second study
feplicated thosa of the first, and were consistent with predictions.
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Abatract
Previcus research hee indicetad thet consonant errors made by both g ud and
POOF resders are the result of phonetic rather tiien visusl subetitutions,
suggesting o linguistic rether than vieusl basis for reading difficultion. .
The pr:{ent reseerch was designed to determine whether a similer psttern would
ba displayed by  sverely disabla&‘rendar-. In our first study, three 5toups‘
of seversly disubled readsrs were compaered to both ago- and reading-level ¢
,matched controls oft their performence Eosdin; and lpo}ling e list of 9¢
one-3¥lleble ﬁbngcnlo words. Subjects in all five groups made more phonetic
than visusl lubltttutious showing that even aﬁong ssversiy digabled reeders,
linguistic confysionz account for resding problems. Also, subjscts troi'all
three reading diwabled groups, but not from the control ;réups. mede sn'aany
or nnéo consonent addition errors than they did phonetic substitutions in both
the reading snd the spelling tankg; A qualitative, post-hoc gnalylil of the
errors suggested that thess additionp WAy have Eaaultod from the readiag
dissblead subjects ettributing phonemic status to the intarmediate
articulations approximated when sounding cut e nonaenag'uord (e.8., ope to
olpe). We reascned that subjacts might rely on such an articuiatory strategy
{f thay hed an inaccessible or poorly developed phon#lo;icrl system. The
second study was designed as a firr: test of this srticulatory strategy
oxnl&nn@ﬁon, A list of 262 ono-svilable nonsense words wes developed to test
apecific pradictions emerging fros the quslitative anaiweis in ‘he first

sindy. FKevults from the second study replicated those from the flpst, and

ware conslstent with Che nvedistione




Introduetion

It is commonly belisved that the consonant errors made by severely
disabled, or "dyslaxic” readers result from specific visual deficits caumed by

mixed cerebrel laterslitation, as -gggeutod by Orton (1937). However,

-previous research eramining both good and poor (but not severely disabled)

readers has indicated that consonant ecrrors are the result of phonologic
rather than visusl difficulties, suggesting a I;n;uintlc rather then vilual»
basis for reading difficulties (Fowler, Liberman, & Shankweiler, 1977;
Liberman, Shankweiler, Orlando, Harris, & Bell-Berti, 1971). In this previous
work, it was shown that reversuls of orientetion (reading bftor d) are caused
by phonetic feature substitutions rather than visuul‘rcvorsalu. Furthdruoro.
it was shown that reversals of orientation ere ;ot correlated with sequencing
rovoflals as would be expected if both resulted from visual orisantation
dlff!éhltios. There is scill s controversy, however, as to the derivation of
conno;ant errors among severely disubled (rather than ;ilply slow) readers.
The present research was desigfied to dot;rlino whethar the conrsonant errors
made by seversly disabled readers indicate difficulties wllh the phonrologic or
visual aspects of reading. 75 address this gusation, severely diisbiod
resders were compared to svarutge readars on thelr ibility to read and spsll
ncnsense worde., All types of consonant errars wers enslyzed. The scoring
schews ic shown iz Table 1.
Peparinant 3

Hethug

Thrae groupe of severely dlieshled resders were compered to both age- (AKC)
end reoeding -level (RMC) watched control groups on their rerformance casding

snd spa)ling abimul] from s 1ist of 96 ors-aylliable nonsense words. The
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roeding disebled subject  were divided on the basls of thelr relative
Performance (P) and Verbal (V) IQ scores in an effort to echieve some degree
of bonogegeity within groups. All reeding disabled subjecis were resding at
least 2'§atr9 below grade level. All had average IQ's, and no evidenca of
primery emotional or nsurological disturbance. All subjects were mala.
Avarags su ject characte-letice ara showm beiov,

| Aversge Subject Characteristics

] Axe 10 Reeding
Reading Disabled S8ubjacts
1 .

P>V (> 10 points) 15 14.4 98 4,.49%
¥ » P (> 10 points) 4 13.9 95 4.94

P =V (< 7 points) 12 14.3 110 4.8
Cofitrol Bubjects |

RHC 14 9.6 104 5 02

ANC 16 141 109 8.5

The 96 nonsense syllables ﬁuod in this task Hi;e developed by Fowler,
Liberman, and Schankweller (1977). They include the 21 most common vowel
graphemes and the six English stop conscnaats, b, p, d, t, g, aud k. These 96
stimull wer» prosented to the children cne at & time on 3" by 5" index cards./
in the rescing task, children read sll 96 stimull ~loud, and thelr responses
were tape recorded for leter transcription. In the cpelling task, 20 of the
words wnre;pronounced to the children ior spelling.
ResulLs

The resuits from the snelysis of the reeding tesk are shown in Figure 1
below. There was & wrin affect for error type, F(l, &) m_39.196, p < .00
but no vignificant group eoffect and no significsnt ipteraction. These results

phow that subjects in 81l group: mede algnificently maro phonstic feature
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substitutlons thun they did orisantation reversals. Whaen ‘he orisntation
reversals were reamoved from the analynfu (due to radundancy in scoring with
the phonetic feeture substitutions), and tae other four error types were
compared, the ANOVA indicated # main effect ¢or srror type, g(a.llz? = 28.25,
P < .001), dut no mein effect for group. In addition, there was a signjficant
interzccion botuéou groups e&nd error types, F(12, 171) = 24.7, p < .02,
Post-hoc comparisons on the difference scorss using the Scheffé method showed
that the three roodinz-disablod groups together made equally as many addition
¢s phonetic fouturobnubstltutions. end signifibsntly more addition errors than
;ny other error type (ind significantly more udd{tiona thsn did the normal
'rcudor:). In contraat, ch' ldren in each coatrol group made equailly es many
cmissions as they did additions, and significantly more phonetic festure
substitutionl than they did udditions

This data replicates and extends provloul wor'k indicatin; that phonetic
rather than visusl substitutions cause consonsnt errcrs. It also shows that
reedling dinablod subjects consistently add corsonents when attempting to read
(and spell - see Figure 4). lp exemining these dats, it sppeered that rildlng
disebled subjects may have been rolfins on an articylatory sirstegy. Por
sxam; le, when attempting to resd the stimulus ope, rsading disabled subjects
wold pronounce it ss olpe. S8Similerly, they would read sn opan syllable such
as ap u2 pap. To explore this deta further, o qunlitatléc anayya;s of the
consonant errors was performed. Errovs were clasnifiiﬂ as eléhor.ilouuip
Additions (closing an open syllable) or Intrasyllabilc Additions (adding a
consonsnt within & syllable), Closure sdditions included five categoriss, and
intresyllabic four cugeg@riel. Iho categories snd tha dats ere shown in
Figures 2 and 3. A1l category labals ars salf-ezplanatory except homorganic

which we ured to mean “reusing the consonant wound which wse already present”,
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The strongest zupport Jfor an artigulntery stretery sxplant’ 'a would he
provided by a preponderance of continusnts (e.x., liquids) es Intresyllabic
‘additions, and aostly homorganic and otaer stops as Closure additions.
Regulte show thig to be the cas» éor &1l three groups of reading dilablod/qut
not for countrol subjects. - -

Spell sts ‘

]

The results from the analysis of the spelling task used in Experiment 1
are showr. in Pigure 4. Ag in tﬁo case of the reading, there Vﬁl a main afyect
for error typs, F(1, 4)'= 8.505, p < .005, %ut no significant group effect and
no significant iutoructioﬁ. As-in the reading, this indicates that subjects
in all stoﬁps aade more phonetic features substitutions than they did
orientation raverssls - lu;g.léiuslvilunl difficulties are not the source of
difficulty for either disabled or normal roadors. Hhﬁn the oriont&t%op
reversals were removed from the an‘lynil (due to redundancy in scoring of the
phonetic focturo‘cubltitutionl): and the other four error types ware compered,
the AMOVA yielded ¢ ;ain‘offect for error type, F(3, 12) = 12.112,(2 < ,001),
no msin effect for ;roup;itnd no signficant interaction. Although'ihe
interaction was not significant, it ;ln bo soen that the error pattern is in
the same direction as that of the reading. Since the lack of significance
could have bsen dua to the omall number of items (20 in the spelling as‘
opposed to 96 in the roadin;{¢ post hoc comparieons of the difference scores
were cokputed using the Scheffé method. These results showod that reeding
disablo&, but not nafnai subjects, made uignificagtly MOre sdd!iions than ;hey
did any of the other threce error types.

Rxperimsnt 2

Hethod

ihe encond sxpeariment wan dealgned to replicate end extend the flrst using
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new stimulus items end additionel subjects. Data consistent uith that in
Experiment 1 wouid be seen as cupport'for the articulsatory e planation.
Averags subject profgla; for the four groups are shown below (there ware no
npew V > P subjects available, lo.th;t group was oulttc§).

Average Subjact Charecteristics

N Ase 10 Besdins

Reading Dirabled Bubjscts ‘
P>V (> 10 points) 13 14.9 102.2 4.34
V « P (< 7 poeints) 7 1ALl 100.5 4.43
Control Subjects |
mc 13 8.5-10 113 4.12
ANC 13 14.5 108.3 8.9

A

Stimuli consisted of 2ﬁo‘nonlon|o lyllablol:p176 CV and VC syllebles, snd
64 CVC syllables. The CV and VC syllables were made up of the six English stop
consonants paired witﬁ the 16 most common double-grapheme voutlg'(with reel
wrds omitted). The CVC syllables psired the stop consonrants with the
follow{;g four douhle-grapheme vowels (AU, AQ, 00; and OM) in all possible
combinetions. ZXiperimental conditions were identicel to thoseo used in the
reading task in Bxperiment 1.
Resulte

The results are entirely consistent with those of Experiment 1. In the
ANOVA comparing phonstic feature substitutions to orientation reverssis, there
was o main offcet for error type, F(1l, 3) = 33,910.42 < .001, bu¢ ﬁo main
effect for groups aud no significant intersction. In the snalysis comparing
phonetic feature substitutions, udéitionl. omissions, and soqdencing errors,
there was & mein offect for ervor type, F(3, 9) = 5.0%6, p < .00), and &

pigpificent interaction, F(9, 126) = 4.70, p < .001, but no mein offect for

i
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groups. As lnABxporilnnt 1, post hoc analyses of the differancs 3COres were
performed using the Scheffé method. Reuulgs showed that the reading digabled
children made as many or more sdditlon errors than they did phouetic feature
substitutions, end more addition arrors then either ounislionl or seguencing
errurs. In contrttt, the control children made more phonetic festure
substitutions than anj other arror“t}ps. and mede very few additions. These
results are shown ia FPigure 5. As can be seen, the results are very similar

tgut oca&obtainod in Ezperiment 1. The only difference is that the younger
chilgnggi(HHC): made more sequencing errors in Expsriment 2 than in.lxpori-ont
1. This high meen séore'wan accounted for by only 3 children in the ®MC
group, hbwtvbr. | |

Iho qualitative enalysis of the date shows an almost perfect rqglicutiou
of liporinont 1, providing ndﬂitional support for the articulatory ltrtt‘ff ~
explanation. As can be seen, subjects in tho'roadlng disabled but mot the
control groups msde wmore liquid Iqtrttglltbic additions. cnd more homorganic
and stop Closure additions. One unprodictod ro:ult‘ysl that {n lxgqfinont 2,
reading disabled but not control subjects made significantly more liquiad

Closure additions.
Conclu;ionn

These results éonfirn snd extend pfovioql studies -suggesting that
consonant errors me<e by poor resdsrs sre, like Jovol errors, the result of
difficulties in using the linguistic system und ars not causod by specific
visuel deficits. Problems occur when the ¢hild has some sort of difficulcy
mipping written material en te the underlying phonological syatem. In young
Poor readers, this difficulty might be manifest v an excess of phonetic

fauture subatitutiont, Whil  our work showed that clder disabled raeders sra

50 more likely to make phonetic festure substitutions than normal readers
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{guggesting thet tho encoding of 1ndividua1.1o§tors has been maitered), both
made more Dhonstic feature than orientaticn reverssl errors. This refutes
Orton's "vluuu}—def&ﬁit" hypothizis. 1In our study, older disatiad readers did
have difficulty reading i;;ingl of loéteru. however The results show that
severly disabled cresaders tend tu add conno;;ntn when otteup}in; to resd ncw.
words. The qualitative analysis of the data 1qucutl that the edditions sare
casused by reliance on an artigul}tory strategy vhonA;pproschfn; & new word.
Such & strategy might ensus frou\ﬁifficulty mapping the written word onéo the
\,

underlying phonologicel rcbro.onttﬁion. I¢ the phomological rule system is

peorly diveldped or imaccolaiblo..tho disabled reader might rely on

‘sensorimotor iﬂtornatlon obtained from ths articulatory configurstions

spprozimated when ﬂtt.lpting to sound out new words. S8lnce sensorimotor
lesrning is often the first step in the developmsnt of s smore abstract,
representationel ruls lyltan. it is entirely. posslblo thax rolt;ncc on an’

srticulatory straiegy mey be & useful first step ror th% lovoroly disabled
resder, |
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Tabls 1

Gonsonant Brror Scoring System

Additiop - Apy error rosulting from edding a consonant whéé reading. Por
example, reading bep as benp. |

Omiesion - Any error rélulting from leaving &« comsomant out when resding.
For exsmpla, reuding bep as be.

dequencipg - Aay{conuouaut crtor resulting from revecsing the soquéﬁc@ of
the consonents .in s nonsensoe Qnrd. For example, resding bep as peb.

2hgng;jg_j]j&gggﬂ;ghg;j&g&iﬁg,~ Any conscnant thch was confused es
another consonant differing in only a single pkonetiz festure. A phonatic
feature ckart of the 6 English lﬁop con-onnn}l is shown in Table 2.

0glgg§g;10q_ﬂgxg;15}1 - Any consonant which' wes raead ss another letter

differing in either a left/right or an up/down reversal. Por eianplo. b/d or

b/p.

i
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Table 7

Phonetlic Feeturs Chart

Place of Articuletion

Rilabiel Llveolar Velar
Volelng
Vole d b d g
Volcaleoss P % k

YA
it
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FPigure Hendings

Pigure 1. iean number pev group of each type of consonant evvor. PReading task:
Bxperlment 1.

Figure 2. Mean number per group of each iype of congonant exror. Speliing tasgk:
Experiment 1.

Figure 3. Mean mumher per group of each type of Closure Addition. Reading tagk:
Ezperiment 1.

FPigure 4. Tiean number per group of each type of Irtrasyllabic Addition. “leading
task: Experiment 1,

Pigure 5. Mean numde  per group of each type of consonant error. Reading task:
Exveriment <.

RPigure 6. Mean nvmber per group of each type of Closure Addition. Reading task:
Experiment 2.

Pigure 7. Mean number per group of es h type of Intrasyllabic Addition. Reading

task: Experiment 2.
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