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predictions emerging from the study. Results from the second study
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abstract.

Previous research has indicated that consonant errors made by both tiAgi and

poor readers ire' the result of phonetic rather than visual substitutions,

suggesting a lingukstic rather than visual basis for reading difficulties.

The present research was designed to determine whether a similar pattern would

be displayed by everely disabled readers. In our first study, three groups

of severely disabled readers were compared to both age- and reading-level

matched controls oh their performance reading and spelling a list of 9t

one - syllable nonsense words. Subjects in all five groups made more phonetit

than visual substitutions showing that even sag severely disabled readers,

linguistic con4eioos account for reading problems. Also, sAbjects frog all

tkirse reading disabled groups, but not from the control groups, made as many

or more consonant addition errors than they did phonetic substitutions in both

the reading and the spelling tasks. A qualitative, post-hoc analysis of the

errors suggested that these additions may have resulted from the reading

disabled subjects attributing phonemic status to the intermediate

articulations approximated when sounding out a nonsense word (e.g., op. to

olpe). We reasoned that subjqcts might rely on such en articAitory strategy

if they htd an inaccessible or poorly developed phonologicr t system. The

second study Was designed as a firp,,z test of this articulatory strategy

esnlanatIon. A list of 262 one-Reliable nonsense words was developed to test

specific predictions emerging from the qualitative analysis in he first

siAAdy. Results from the second study replicated those from the first, and

wrmrg conMistant wRn ijaq* Twadint,i,ovBm
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introduction

It is commonly believed that the consok:ant errors made by severely

disabled, or "dyslexic" reader's result from specific visual deficits caused by

mixed cerebral lateralization, as suggested by Orton (1937). Howevnr,

.previous research esamining both good and poor (but not severely disabled)

readers has Indicated that consonant errors are the result of phonologic

rather than visual difficulties, suggesting a linguistic rather than visual

basis for reading difficulties (Fowler, Liberman, & Shankweiler, 1977;

Liberman, Shankweiler, Orlando, Harris, & 3.11-Berti, 1971). In this previous

work, it wee shown that reversals of orientation (reading b for d) are caused

by phonetic feature substitutions rather than visual reversals. Furthermore,

it was shown that reversals of orientation are not correlated with sequencing

reversals as would be *vetted if both resulted from visual orientation

difficulties. There is sill a controversy, however as to the derivation of

consonant errors moons severely disabled (rather'than simply slow) readers.

The present research was desigded to determine whether the consonant errors

made by severely disabled readers indicate difficulties with the phonologic or

visual aspects of reading. T3 address this question, severely disabled

readers were compared to averil;e readers on their ibility to read and spell

nonsense words. A11 types of consonant errors were analyzed. The scoring

scheme is shown in Table 1.

EmpitrinAnt 3

Three groups of aewerely disabled reeler e were compared to both age- (ARC)

gab reading ,level. MC) matched control groups on their performance weeding

stml sp-e)linr 01m1/01 f-oA A llmt (145 pvT-Ryllable ROMMARA rqwdm,
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read4tg disebled subject were divided on the basis of their relative

Performance (P) and Verbal (V) IQ scores .n en effort to achieve some degree

of homogeneity within groups. All reading disabled subjects were reading at

least 2' ,years below grade level. All had average IQ's, and no evidence of

primary *notional or neurological disturbance. All subjects were male.

Average su"ject charactswiatice are shown below.

Average Subject Characteristics

Reading Disabled Subjects

lip id

P > V (> 10 points) 15 14.4 98 4.45

V > P (> 10 points) 4 13.9 95 4.94

p y ( 7 points) 13 14.3 110 4.8

Control Subjects

RAC 14 9.6. 104 5 fr))

AMC 16 14.1 109 8.5

The 96 nonsense syllables used in this task were developed by Fowler,

Liberman, and Schankweiler (1977). They include the 21 most common vowel

graphemes and the six nglish stop consonants, b, p, d, t, g, and k. These 96

stimuli were presented to the children one at a time on 3" by 5" index cards../

In the reading task, children read ell 96 stimuli 6..loud, and their responses

were tape recorded for later transcription. In the spelling task, 20 of the

words were;pronounced to the children i'or spelling.

,RIPPAQA.

`Uoo results from the analysis of the reading teak Are show in Figure 1

below. There was a stein effect for error type, E(1, 4) m 49.196, k ,f .001)

hut no vignificant group effect vita no significant interac%ion. These results

sham that subjects in All groupf mode significantly mom phonetic feature
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substitutions than they did orientation reversals. When the orientation

reversals were removed from the analysis (due to redundancy in scoring with

the phonetic feature substitutions), and the other four error types were

compered, the ANOVA indicated a main effect kor error type. (3, 12; a 2g,25,

< .001), but no main effect for group. In addition, there was a significant

intermLtion between groups and error types. E(12, 171) 24.7, p < .02.

Post-hoc comparisons on,the difference scores using the Scheffi method showed

that the three reading disabled groups together made equally as many addition

es phonetic feature substitutions, and signifitantly more addition errors than

any other error type (and significantly more additions than did the normal

readers). In contrast, ch.ldren in each control group made equally as many

omissions as they did additions, and significantly more phonetic feature

substitutions than they did additions.
a

This data replicates and extends previous work indicating that phonetic

rather than visual substitutione cause consonant errors. It also shows that

reading disabled subjects consistently 144 consonants when attempting to read

and spell - see Figure 4). In examining %these data, it appeared that reading

disgbled subjects may have been relying on an erlimattgrLitpitegx. For

exam-lo. when attempting to read the stimulus ope, reading disabled subjects

wold pronounce it as olpe. Similarly, they would read an open syllable such

as ap as pap. To explore this data further, a qualitative analysis of the

consonant errors was performed. arroyo were classified as either. ,losure

Additions (closing an open syllable) or Intrasyllahic Additions (adding a

consonant within a syllable). Closure additions Included five categimits, and

intrasyllabic four categories. The categories and the data are shown in

rgurec 7 end 3, All category labelp are self - explanatory except basamanic

44001 we used to moon "rouging the enngonent sound sihich was already present".



The strongest support lor an Ktliggsrl stately espleet would be

provided by a preponderance of continuants (e.s., liquids) as Intrasyllabic

additions, and mostly homorganic and other stops is Closure additions.

Results show this to be the case for all three groups of reading disabled but
tj

not for control subjects.

11122AELWit

The results from the analysis of the spelling task used in Experiment I

are shown in Figure 4. As in the case of the reading, there was a main effect

for error type, F(1, 4)Le 8.505, 2 < .005, but no significant group effect and

no significant interaction. As the reading, thi's indicates that subjects

in all groups made acre phonetic feature substitutions than they did

orientation reversals suggesting visual difficulties are not the source of

difficulty for either disabled or normal readers. When the orientation
o

reversals were removed from the analysis (due to redundancy in scoring of the

phonetic feature substitutions), and the other four error types wire compared,

the AVOYA yielded a main effect for error type, roi 12) m 12.112,4 < .001),

no main effect for group, and no signficant interaction.' Although the

interaction was not significant, it can be seen that the error pattern is in,

the same direction as that of the reading. Since the lack of significance

could have been due to the small number of items (20 in the spelling as

opposed to 96 in the reading), post hoc comparisons of the difference scores

were computed using the Schefff method. These results showed that, reading

disabled, but not normal subjects, made significantly more additions than they

did any of the other three error types.

Experiment 2

kitstthfXl.

gmcond expltriment tcyll dcsignrA to replteAtm gqd owtomi the flrAt usOlg



4

7

new stimulus items and additional subjects. Data consistent with that in

&apartment I would be seen as support far the articulatory e planation.

Average subject profAles for the four groups are shown below (there were no

new V > P subjects available, so that group was omitted).

Average Subject Characteristics

Reading Disabled Subjects

N. hist IQ Palau

P > V (> 10 points) 13 14.9 102.2 4.34

V m P (< 7 points) 7 14.1 100.5 4.43

Control Subjects

13 8.5-10 113 4.12

ANC 13 14.5 108.3 8.9

Stimuli consisted of 240 nonsense syllables:,176 CV and VC syllabloe, and

64 CVC syllable,. The CV and VC syllables were made up of the six English stop

consonants paired with the 16 most common double-graphame vowels (with real

words omitted). The CVC syllables paired the stop consonants with the

following four double-grapheme vowels (AU, AQ, OU, and OW) in all possible

combinations. Ziperimental conditions were identical to those used in the

reading task in Experiment 1.

19.111.4.

The results are entirely consistent with those of Experiment 1. In the

ANOVA comparing phonetic feature substitutions to orientation reversals, there

was a main efiwt for error type, f(1, 3) . 33,910, R < .001, but no main

effect for groups and no significant interaction. In the analysis comparing

phonetic feature substitutions, additions, omissions, and sequencin errors,

there was a mein effect for error type, F(3, 9) . 5.056, p < .001, and a

significant intarectiol, F,(9, 126) - 4.70, p, < .003, but no mein effect for



groups. Ari in Experiment 1, post hoc analyses of the difference scores were

performed using the Scheff6 method. Results showed that the reading disabled

children made as many or *ore addition errors than they did phonetic feature

substitutions, and more addition errors than either omissions or sequencing

errors. In contrast, the control children made more phonetic feature

substitutions than any other error' type end made very few additions. These

results are shown in Figure S. As can be seen, the results are very similar

to t owe obtained in Experiment 1. The only difference is that the younger

chil en (EMC), made more sequencing errors in Experiment 2 than in Experiment

1. This high mean score was accounted for by only 3 children in the RMC

group, however.

The qualitative analysis of the data shows an almost perfect replication

of Experiment 1, providing additional support for the articulatory strategy

explanation. As can be seen, subjects in the reading disabled but not the

control, groups made more liquid Intrasyllabic additions, cad more homorganic

and stop Closure additions. One unpredicted result was that in Experiment 2,

reading disabled but not control subjects made significantly more liquid

Closure additions.

Conclusions

These results confirm and extend previous studies-suggesting that

consonant errors mette by poor rotators are, like vowel errors, the result of

difficulties in using the linguistic *pities and are not caused by specific

visual deficits. Problems occur when the child has some sort of difficulty

mapping written material onto the underlying phonological system. In young

poor readers, this difficulty might be manifest 11/, an excess of phonetic

feature substitution*. Whil, our work showed that older disabled readers are

no more likely to make phonetic feature substittitiona than normal readers

e.
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(suggesting that the encoding of individual letters has been maJtared), both

made more phonetic feature than orientation reversal errors. This refuter

Orton's "visual-defait" hypothesis. In our itudy, older disatIA readers did

have difficulty reading MI= of letters, however The results show that

*overly disabled readers tend to add consonants wheys attempting to read new

words. The qualitative analysis of the data ingests that the additions are

caused by reliance on an articulatory strategy when approaching a new word.
, \

such a strategy might ensue from difficulty mapping the written word ono the

underlying phonological representation. If the phonological rule system is

poorly develdped or inaccessible, the disabled reader might rely on

sensorimotor information obtained from the articulatory configurations

approximated when attempting to sound out new words. Since sensorimotor

learning is often the first step in the development of a more abstract,

representational rule system, it is entirely possible thatreliance on at

articulatory strategy may be a useful first.step for thi6 severely disabled

reader.

1 (1
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Table 1

gsmtlallAmorAusinlAutem

witim - Any error resulting from adding a consonant when reading, For

example, reading bep as benp.

Qglifitsui - Any error resulting from leaving a consonant out when reading.

For example, reading bep as 'be.

gigninging - Any cont;onaut ektor resulting from reversing the sequence of

the consonants in nonsense word. For example, reading bop as pets.

Egultig_ligulAubstitutin - Any consonant which was confused as

another consonant differing in only a single phonetic feature. A phonetic

feature chart of the 6 English stop consonants is shown in Table 2.

psiantikamigewnli - Any consonant which" iftiv read as another letter

differing in either a left/right or an up/down reversal. For example, b/d or

b/p.



Table 2

eiRROJc fePttlArt _Chart

iiLk cu
Bilabial Llveolar Velar

Yq1SIRa

Vole, id

Voicelcst



Figurt Headings

Figure 1 itan number pc'r group

Experiment I.

Figure 2. Mean number per group

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7. Mean number per group

Experimet 1.

Mean number per group
Experiment 1.

Tin number per group
task: Experiment 1.

Mean numbe per group
Experiment d.

Mean number per group
Experiment 1.

task: Experiment 2.

of ouch type of consonant errov. RR.Ading task:

of each Lype of consonant error. Spelling tank:

of each type of Closure Addition. Reading task:

of each type of Ittrasyllabic Addition. Leading

of each type of consonant error. Reading task:

of each type of Closure Addition. Aeading task:

of eb h type of Intrasyllabic Addition. Reading
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