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Objective: The study aims to verify whether phonologic and

rapid automatized naming (RAN) deficits are present and

associated in Italian dyslexic children and whether they

differentially affect dyslexics with and without a history of

previous language delay (LD).

Background: According to the phonologic core deficit hypo-

thesis, dyslexia may stem from impairment of the representation

and manipulation of phonemes and may be closely associated

with oral language deficits. However, deficits in tasks not

requiring fine-grained phonologic representations, such as

RAN, have also been described in dyslexic children.

Methods: Thirty-seven children were selected on the basis of a

reading deficit and were assigned to 2 groups according to

whether or not they had a history of early LD as determined

retrospectively by parental report. A battery of reading and

writing, verbal working memory, metaphonologic, RAN, and

visual search tests were administered.

Results: RAN deficits were shared by most dyslexics (with and

without a history of LD), whereas phonologic deficits were

mainly associated with a previous LD. This last condition did

not result in a more profound impairment of reading and

writing decoding skills.

Conclusion: In a shallow orthography such as Italian, RAN, not

phonologic deficits, may represent the main cognitive marker of

developmental dyslexia.

Key Words: developmental dyslexia, language delay, phonologic
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Phonologic abilities are considered crucial for acquisi-
tion of the correspondences between letters and

sounds, the foundation of reading in alphabetic systems.
Developmental dyslexics’ difficulties on oral language
tasks requiring phonologic processing, such as nonword
repetition and explicit manipulation of speech sounds
requiring fine grained phonologic representations,
have supported the so-called ‘‘phonologic core’’ deficit
hypothesis of developmental dyslexia.1,2 This hypothesis
also predicts that children who have phonologic difficul-
ties in the preschool years will be particularly at risk for
developing reading problems, as reading requires accurate
mapping between orthography and phonology. Relevant
evidence comes from studies on children with specific
language impairment (SLI) who often display phonologic
problems: a higher than expected rate of literacy
difficulties has been reported for these children.3,4

However, the relationships among expressive pho-
nologic impairment, language and reading difficulties are
still controversial (for a recent review see Bishop and
Snowling5) because not all SLI children develop specific
reading problems. This is particularly the case for
children with an expressive isolated phonologic deficit
(ie, a defect in the production of the full range of
phonemes, often along with a persistence of immature or
unusual phonologic patterns, in the absence of physical
disorders affecting speech output). In fact, most studies6–8

have demonstrated that expressive phonologic deficits in
kindergarten do not necessarily result in reading difficul-
ties at school age. However, literacy problems associated
with phonologic deficits were reported in at least 1 study.9

Differences in persistence and severity may account for
the variable outcome of children with expressive phono-
logic impairment.5

For some authors (eg, Bishop and Adams6), the best
predictor of literacy is phonologic processing ability at the
beginning of literacy acquisition. Phonologic processingCopyright r 2006 by Lippincott Williams & Wilkins
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refers to the ability to encode and retrieve phonologic
information from long-term memory, use phonologic
codes in working memory, and segment speech
into phonemic units.10 As phonologic processing difficul-
ties are also considered a marker of dyslexic children, the
continuity between oral and written language problems
has been hypothesized at the level of phonologic
processing deficits. It has long been documented that
language delay (LD) is more frequent in dyslexic than in
matched control children.11,12 This finding suggests that a
delay in language acquisition, even a transitory one, may
determine weak phonologic abilities, which in turn would
be responsible for the reading difficulties. Therefore,
differences among dyslexics in terms of rate and mode of
language development should be carefully taken into
account when studying phonologic processing abilities in
this clinical population.

Evidence supporting the phonologic core deficit of
dyslexia has been gathered primarily from the study of
English-speaking children learning an ‘‘opaque’’ ortho-
graphy characterized by inconsistent grapheme-phoneme
correspondence rules. According to Snowling,2 the
variability in reading impairment seen in English dyslexic
children is accounted for by differences in the severity of
individual phonologic processing deficits. However,
phonologic deficits may play a different role in learning
to read in languages with different orthographies, and
may be less crucial in the case of shallow orthographies.
Wimmer13 found that German dyslexic children with a
reading fluency deficit did not exhibit any impairment in
phonologic short-term memory and phonologic aware-
ness, but rather a deficient performance in rapid auto-
matized naming (RAN) tasks. These tasks, originally
designed by Denckla and Rudel,14 require participants
to name an array of familiar digits, pictures, letters or
color patches in serial order as rapidly as possible. Many
studies have showed that RAN accounts for sizeable
variance in word reading when intelligence quotient,
phonologic working memory, and metaphonologic
skills are partialled out (eg, Wimmer,13 Ackerman
and Dykman,15 Bowers,16 Manis et al17). As a conse-
quence, some authors have posited that RAN measures
map a different dimension than phonologic processing,
such as the automaticity with which character codes
can be accessed in memory18 or a more general ability in
the smooth integration of a variety of speeded operations,
such as visual recognition, lexical access, and articulatory
processes.19

Italian is a language with high grapheme to
phoneme regularity. It has been shown that Italian
dyslexic children are characterized by a reading fluency
deficit but relatively accurate decoding. They do not seem
to have a specific deficit in nonword compared with word
reading and are markedly affected by word length.20–23

Notably, a similar pattern of impairment has been
reported for spelling.24 Overall, these features seem
compatible with Italian dyslexic children’s over-reliance
on sublexical procedures, induced by the grapheme-
phoneme regularity of Italian orthography. This is

different from dyslexics of opaque orthographies who
have a specific deficit in nonword reading, hence in the
sublexical route (see Rack et al25).

Although some studies have started to characterize
developmental reading deficits in Italian, very little is
known about the performance of Italian dyslexic children
on phonologic and RAN tasks. In the present study, we
focused on the influence of a previous LD on phonologic
and RAN deficits in Italian dyslexic children. For this
purpose, 2 groups of Italian dyslexics with and without
a history of LD (noLD) were compared on a series of
reading, spelling, phonologic and RAN tasks. As a
control for the RAN task, we adopted a visual search
test using the same stimulus material; we expected no
deficit in this condition. Because normative data on
Italian children are available for all of these test materials,
we were able to evaluate the dyslexics’ degree of
impairment on all of the dimensions.

On the basis of the possible association between
phonologic deficits and oral language deficits, we
expected LD dyslexic children to be impaired on
phonologic tests compared with noLD children. In
contrast, as the reviewed evidence indicates that RAN
performance taps a different dimension than phonologic
processing, we expected that performance on this task
would be independent of the presence of a previous LD.

MATERIALS AND METHODS

Subjects
Participants were selected on the basis of consecu-

tive referrals to the Child Neurology Unit of the IRCCS
Stella Maris from January 2002 to November 2004 for
suspected reading disability. Children were included in
the study if they met the following criteria:
� general intelligence level within normal limits, as
assessed by Raven’s Colored Progressive Matrices;
� impaired scores on standardized reading tests (see
below);
� regular school attendance;
� absence of adverse conditions in prenatal, perinatal,
and postnatal clinical history;
� no neurologic abnormalities on a standardized neuro-
logic examination;
� no clinical evidence of specific oral language impair-
ment at the time of assessment. Assessment was carried
out by a child neuropsychiatrist with special expertise in
speech and language disorders (A.C.) using a semi-
structured interview. Normal fluency, well-formed
sentences and the absence of phonologic, lexical and
grammatical errors in conversation were considered as
signs of adequate language organization.

Thirty-seven children fulfilled these criteria. They
ranged in age from 8 to 15 years; 24 were males and 13
females. Three children had been previously diagnosed as
attention deficit hyperactivity disorder (ADHD), accord-
ing to Diagnostic and Statistical Manual of Mental
Disorders Version IV criteria.26 In a few cases, the
children did not complete the experimental battery.
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A child neuropsychiatrist investigated the clinical
history of each child by means of an assessment interview
with the parents. The parents were also asked to fill out a
questionnaire (developed in our clinic) on the motor,
cognitive, and language developmental milestones. To
encourage the parents to recall basic language milestones,
examples of typical children’s utterances were provided.
Each child also received an individual neurologic assess-
ment to exclude the presence of abnormal neurologic
signs.

Two independent raters (child neuropsychiatrists
expert in speech and language pathology), who did not
participate in further testing of the children, checked all
the questionnaires. The presence of slow vocabulary
growth (between 2 and 3 y of age), late combinatory use
of words (after 30mo) and/or delay in the use of first
sentences, persistence of phonologic mispronunciations
beyond the fourth year, were considered as signs of
delayed language development. On the basis of the results
of the questionnaires, the children were considered as
having either a negative (noLD) or a positive (LD)
history of LD.

Twenty-two children (14 male, 8 female) were
considered as having had noLD. They had a mean age
of 128.6 months (SD=24.2); 2 male nontwin brothers
were present in this group. Two of the children in this
group had a history of ADHD. Retrospective evidence of
early LD was found in 15 children (10 male, 5 female).
They had a mean age of 129.4 months (SD=21.7); 2
monozygotic female twins were present in this group. One
child in this group was previously diagnosed as ADHD.
No significant differences for age (t(35)=0.10) or sex
(w2(1)= .04) were present between LD and noLD groups.

Test and Procedure

Intelligence
Normal performance on Raven’s Colored Progres-

sive Matrices (z score greater than � 1.5, based on Italian
normative data27) was used as a screening criterion.
Consistently, both groups scored well within normal
limits. However, on average noLD children scored higher
(z=0.38, SD=0.70) than LD children (z= � 0.25,
SD=0.70; t(29)=2.4, P<0.05).

Reading
Reading and writing of single words, nonwords and

reading comprehension of text were assessed by means of
2 standardized Italian batteries.28–30

Two subtests of the Developmental Dyslexia and
Dysorthography Battery28 were used to assess children’s
ability to read aloud a list of 112 words and 1 of 48
nonwords. Number of errors and speed of reading
(syllables/s) were scored. Raw scores were converted to
z scores according to standard reference data.28

A z score lower than –1.5 (either for accuracy and/
or for speed) with respect to the mean of the normative
sample in at least one of the conditions (words, non-
words) was taken as the pathologic performance cut-off.

Most children failed on both tests and on both
parameters (speed and accuracy of words and nonwords),
that is, 67% failed on at least 3 out of 4 measures.

Text reading comprehension was examined (but not
used as a screening test) with a standard reading
achievement test (MT Reading test).29,30 A meaningful
passage was presented without a time limit. The
participant had to read it silently and respond to
multiple-choice questions. Stimulus materials, number
of questions (10 or 15) and related reference norms varied
for school level. Raw scores were converted to z scores
according to standard reference data.29,30

Writing
Two subtests of the Developmental Dyslexia and

Dysgraphia Battery28 were used to check spelling. They
consisted of a list of 48 words and a list of 24 nonwords.
The number of errors was scored. Raw scores were
converted to z scores according to standard reference
data.28

Phonologic Skills
Phonologic processing abilities were measured with

tasks tapping verbal working memory, phonemic aware-
ness, and phonemic fluency. The tests used are outlined
below.

Verbal Working Memory
Verbal working memory was assessed by a compu-

terized test31 requiring the repetition of lists of words of
different length, lexical frequency, and phonologic simi-
larity. Two lists of short (2-syllable) and long (4-syllable)
high-frequency words (HF-short an HF-long) and 2 lists
of phonologically similar and dissimilar 2-syllable, low-
frequency words (Ph-sim and Ph-dissim) were presented.
Stimuli presentation was controlled by a PC using
dedicated software. For each list, sequences of increasing
length were presented (2 to 7 words); 5 strings were given
at each length. The child was required to repeat the words
in the correct order. The list presentation was interrupted
when the child failed on 4 out of 5 strings of the same
length. For each subject (in each condition), a character-
istic performance was defined as the length at which he
gave 50% correct answers. Scores being discrete numbers,
an exact 50% was not always hit; in such cases the
expected estimate was given by linear interpolation. This
scoring allows for a more fine-grained evaluation of
individual performance than standard span measures.
For example, a child who has repeated correctly 5
sequences of 2 and 3 words, 3 sequences of 4 and 1 of
5 words obtains a score of 4.21. With reference to a
normative sample of 190 children between 5 and 17 years
of age, the software transforms the raw score into a z
score.

Phonologic Awareness
A spoonerism test was used to investigate

phonologic awareness, modified from the competenze
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metafonologiche32 battery of metaphonologic skills. The
test required the experimenter to pronounce pairs of
words; the child had to produce 2 new words by
transposing the first consonants of the 2 words (luna
[moon]-dente [tooth]-duna [dune]-lente [lens]). Eighteen
pairs of either 2 or 3-syllable words were presented. Both
accuracy and response time were scored. One point was
given for each word correctly produced (maximum
score=36). Using a stopwatch, the experimenter
measured the time (in s) the child needed before uttering
the 2 words (up to a 90 s time limit). Both scores
were converted to z values with reference to a sample
of 141 children with an age between 8 and 14 years.33

Phonemic Fluency
Phonemic fluency was measured with a test34

requiring the child to produce as many words as possible
beginning with a given phoneme within 1 minute. Three
trials (with phonemes /f/, /p/, and /l/) were given. The
score was the total number of words produced, converted
to z scores, with reference to a group of 116 normal
children with an age between 8 and 14 years.

RAN and Visual Search Skills
We used a RAN and a Cancellation test.35 For both

tests, stimuli were matrices of colors, objects or digits. In
each condition, 5 different stimuli were presented. The
colors were presented in small 1 by 1 cm squares; they
were black, blue (RGB 51-102-255), red (RGB 221-8-6),
yellow (RGB 252-243-5), or green (RGB 31-183-20). The
objects were line drawings of a hand, a train, a star, a
pear, and a dog. The dog, train, and pear were generated
with Cairo font (size 24); the star with Monotype Sorts
font (size 36); and the hand with Windings font (size 48).
We used the digits 2, 4, 6, 7, and 9, generated with
Helvetica font (size 24). There were 10 rows of 5 stimuli in
each matrix for a total of 50 stimuli. We generated 2
different matrices for each condition.

In the RAN test, the child was requested to name
each stimulus in the matrix as quickly and as accurately as
possible. In the Cancellation test, the child was requested
to cancel 1 of the 5 stimuli as quickly and as accurately as
possible. The targets to be cancelled were the green
square, the star, and the number 7 for the color, object,
and digit conditions, respectively.

Stimuli were placed on a flat surface at ca. 40 cm
from the child. A practice trial with a small (25 stimuli)
matrix was run for each condition. Time to complete the
task was measured separately for each matrix using a
stopwatch. In the RAN test, the dependent measure was
the mean time in seconds/syllable. This measure was
adopted because the stimuli in the various conditions
varied slightly for number of syllables (either 1 or 2).
Naming errors were also measured. In the Cancellation
test, the dependent measure was the mean time in
seconds/item. Cancellation errors (either omissions or
false positives) were also measured. For both tests, raw
scores were converted to z scores according to reference
data for Italian children.35

Data Analysis
Mean performances of dyslexics on the various tests

were examined both as raw data and as z scores. Raw
data are presented to illustrate the absolute performance
level of Italian dyslexic children (note, however, that these
data partly depend on the age composition of the sample).
Z Score data allowed evaluating the degree of impairment
in the various conditions with respect to age-matched
reference data. This is particularly important in condi-
tions in which levels vary in terms of general difficulty. In
fact, if conditions involving different basic difficulties are
used to compare pathologic versus ‘‘normal’’ groups of
subjects, it is expected the most difficult conditions should
produce larger differences in the less proficient group.
This is well known as the overadditivity effect (for a
discussion see Faust et al36).

Comparisons between the 2 groups were carried out
on the z scores using ANOVAs with group as unrepeated
factor. Depending on the test, other repeated measures
were considered, for example, type of stimulus when
considering reading (or writing) words and nonwords. As
the 2 groups were different in nonverbal intelligence the
analyses were replicated using intelligence quotient as
covariate. The results of these analyses were identical to
those of the original. Consequently, only the former
analyses will be presented.

RESULTS

Reading and Writing

Reading Speed and Accuracy
Mean performances on the reading and spelling

tests are presented in Table 1 as raw data and as z scores.
The children made relatively few word reading errors (ca.
10%); however, this is pathologic compared with the
performances of Italian normal readers who, by this age,
read almost flawlessly. They made more nonword reading
errors, a difficult condition also for proficient readers.
Their reading speed was severely impaired as well; the
children read little more than 1 syllable per second in the
case of words (and less for nonwords); this was less than
half the speed of 10-year-old children who read on
average 3 syllables per second.28

Z Score data (right side of the table) allowed
evaluating the degree of impairment in the various
conditions with respect to age-matched reference data.
An inspection of the table indicates that both groups were
severely impaired in word and nonword reading com-
pared with the normative sample. The deficit was more
severe for speed than for accuracy and for words than for
nonwords.

An ANOVA with group (noLD, LD) as unrepeated
factor and type of stimulus (words, nonwords) and type
of measure (accuracy, speed) as repeated factors was
performed on z scores. The analysis showed a type of
stimulus main effect (F(1,35)=11.37, P<0.005): word
reading performance (� 5.32) was lower than nonword
reading performance (� 3.70). The type of measure effect
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was reliable (F(1,35)=11.38, P<0.005): children were
more impaired for speed (� 5.86) than for accuracy
(� 3.17). The group effect was not significant
(F(1,35)=1.44, NS). No interaction was significant.

Reading Comprehension
Reading comprehension was only mildly affected in

LD children and was normal in noLD children (Table 1).
On average, the LD group scored significantly lower

(z= � 1.01) than the noLD group (z= � 0.07;
F(1,33)=8.54, P<0.01).

Writing
Children made several errors in writing to dictation,

with little absolute difference between words and non-
words (see last 2 rows of Table 1). With reference to
normative data, word writing performance was much
more impaired than nonword performance (see last 2
rows of Table 1).

An ANOVA with group (noLD, LD) as unrepeated
factor and type of stimulus (words, nonwords) as
repeated factor showed a type of stimulus main effect
(F(1,32)=14.97, P<0.001): word writing performance
(z= � 4.17) was more affected than nonword writing
performance (z= � 0.74). The main group effect and the
group by type of stimulus interaction were not significant.

Comments
Children were severely impaired both in single word

and nonword reading. However, the deficit was more
apparent for words than for nonwords and for speed than
for accuracy. This pattern is consistent with previous
evidence indicating that the nonword reading deficit,
often reported among English-speaking children, is not
pathognomonic of Italian dyslexics (eg, Zoccolotti et al,20

Judica et al21). A parallel deficit was present in writing,
confirming a tendency already reported for Italian
children.24 Also in this case, nonword writing was not
specifically affected compared with word writing. Overall,
as a group the children seemed more impaired in lexical
than sublexical functioning for both reading and writing.
By and large, the presence of a previous LD did not affect
reading and writing decoding skills.

In the sample as a whole, only a mild deficit was
present in reading comprehension. Therefore, if enough

time is provided, the child can reach a reasonable
understanding of the text; this finding confirms
previous observations in Italian dyslexics.20,21 How-
ever, LD children performed more poorly than noLD
children. The present data suggest that a mild deficit in
reading comprehension may be the outcome of a previous
oral language problem.

Phonologic Skills
As a group, noLD children showed a low average

performance: on most tests they scored within one
standard deviation of the mean (Table 2). By contrast,
LD children seemed more impaired and scored lower than
one standard deviation on all tests except the Phonemic
Fluency test. Percentages of children with a performance
below the –1.5 z score are also presented in Table 2.
Despite some between-test variability, it is apparent that
only a minority of noLD children were impaired and that
the LD children were more frequently affected.

As for verbal working memory, an ANOVA with
group (noLD, LD) as unrepeated factor and type of
measure (HF-short, HF-long, Ph-sim, and Ph-dissim
words) as repeated factors was performed on the z scores
data. The analysis showed a group main effect
(F(1,30)=7.39, P<0.01): LD children performed worse
(� 1.38) than noLD children (� 0.76). The type of
stimulus main effect was reliable (F(3,90)=7.93,
P<0.001). Tukey a posteriori comparisons revealed that
recalling HF-short words (� 0.73) was less impaired than
recalling either Ph-dissim words (� 1.20) and Ph-sim
words (� 1.48; both P<0.05); moreover, recalling HF-
long words (� 0.86) proved better than recalling Ph-sim
words (P<0.05). The group by type of stimulus
interaction was not significant.

In the Spoonerism test, an ANOVA on the z scores
with group (noLD, LD) as unrepeated factor and type of
measure (accuracy, speed) as repeated factor indicated a
group main effect (F(1,30)=6.15, P<0.05): LD children
performed worse (� 1.81) than noLD children (� 0.79).
The type of measure factor and the group by type of
measure interaction were not significant.

No difference was present in the case of the
Phonemic Fluency test (F(1,31)=2.49, NS).

TABLE 1. Mean (and SD) Performance of Dyslexics With (LD) and Without (noLD) a History of LD on Reading and Spelling Tests

Raw Scores Mean (SD) z Scores Mean (SD)

noLD LD noLD LD

Reading
Words (% of errors) 8.2 (7.7) 12.5 (10.7) � 2.52 (2.64) � 5.38 (5.61)
Nonwords (% of errors) 25.6 (13.3) 28.3 (11.5) � 2.11 (1.55) � 2.66 (1.91)
Words (syllables/s) 1.26 (0.67) 1.30 (0.53) � 6.04 (4.10) � 7.36 (7.61)
Nonwords (syllables/s) 0.87 (0.40) 0.97 (0.37) � 4.82 (3.54) � 5.21 (5.98)

Text comprehension (% of correct responses) 69.4 (21.4) 52.8 (25.8) � 0.07 (0.80) � 1.01 (1.10)
Writing
Words (% of errors) 14.2 (16.3) 15.4 (13.9) � 4.01 (6.29) � 4.35 (3.92)
Nonwords (% of errors) 14.4 (12.1) 22.9 (20.7) � 0.33 (1.38) � 1.15 (1.93)
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Comments
The pathologic performance on phonologic proces-

sing tests was influenced by the presence of a previous
LD. LD children performed significantly worse than
noLD children on verbal working memory and spooner-
ism tests.

Working memory tasks and phonemic fluency have
also been conceptualized as tapping executive functions.
However, it is unlikely that the performance in these tasks
was significantly influenced by the presence of deficits in
executive functions in our children. In fact, phonemic
fluency was only mildly affected in our sample, whereas
the working memory task mainly stressed coding and
maintenance of phonologic information rather than
overloading the executive system.

The finding that noLD children were only mildly
affected in phonologic processing tasks indicates that, at
least in a subgroup of Italian dyslexic children, reading
disabilities may occur in the absence of clear phonologic
working memory and metaphonologic deficits.

Cancellation and Naming Tests
Accuracy on the Cancellation test was high for both

groups of dyslexics. In the noLD group, errors were
0.22%, 0.25%, and 0.04% for the color, object, and digit
conditions, respectively. In the LD group, these figures
were 0.37%, 0.63%, and 0.12%. RAN test performance
was also quite high. The noLD dyslexics made 0.30%,
0.13%, and 0.22% errors in the color, object, and digit
conditions, respectively. LD readers made 1.00%, 0.50%,
and 0.31% errors. Consequently, for both tests statistical
comparisons were restricted to speed measures.

Mean performances (in z scores) on the RAN and
Cancellation tests are presented in Table 3 together with
the percentage of children who scored pathologically in
each condition (ie, children with z scores below � 1.5).
Both groups were relatively spared on the Cancellation
test, but the noLD group performed slightly worse than
the LD group. Inspection of individual data revealed that
1 of the 2 noLD children with a diagnosis of ADHD
scored quite poorly on this test (z= � 6.43, � 6.79, and

TABLE 2. Mean (and SD) Performance of Dyslexics With (LD) and Without (noLD) a History of LD on the Various Phonological
Tests

noLD LD

Mean SD % Mean SD %

Verbal Working Memory
HF-short words* � 0.38 1.05 9 � 1.09 1.14 31
HF-long wordsw � 0.65 0.92 19 � 1.07 0.88 50
Ph-sim wordsz � 1.24 0.79 40 � 1.73 0.99 77
Ph-dissim wordsy � 0.77 0.93 14 � 1.63 0.99 50

Spoonerism test
Correct responses � 0.94 1.33 43 � 2.04 1.99 50
Speed � 0.65 0.92 19 � 1.59 1.25 45

Phonemic fluency � 0.63 0.91 11 � 1.02 0.81 33

Data are z scores based on age-matched reference data. Percentages of children with z scores lower than � 1.5 are also shown. The 2 groups did not differ on phonemic
fluency; the main group effect was significant for both the Verbal Working Memory and Spoonerism Test, indicating poorer performance for LD children; no group by
condition interaction was present for either test (see text for more details).

*HF-short words=high frequency, 2-syllable words.
wHF-long words=high-frequency, 4-syllable words.
zPh-sim words= low-frequency, phonologically similar, 2-syllable words.
yPh-dissim words= low-frequency, phonologically dissimilar, 2-syllable words.

TABLE 3. Mean (and SD) Performance of Dyslexics With (LD) and Without (noLD) a History of LD on the Cancellation and
Naming Tests

noLD LD

Mean SD % Mean SD %

Cancellation test
Colours � 0.89 1.92 23 � 0.08 0.99 7
Objects � 1.10 2.02 36 � 0.11 0.69 0
Digits � 0.82 1.67 23 � 0.04 1.19 7

Naming test
Colours � 2.00 1.92 54 � 2.85 3.36 50
Objects � 1.99 2.26 41 � 3.22 3.30 57
Digits � 4.57 3.43 77 � 7.78 7.60 71

Data are z scores based on age-matched reference data. Percentages of children with z scores lower than � 1.5 are also shown. Note the higher proportion of impaired
performances in the Naming as compared to the Cancellation test. No group main effect or group by condition interaction was present for Cancellation and Naming tests
(see text for more details).
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� 3.88 for the color, object and digit condition,
respectively). The other 2 children with ADHD (1 noLD
and 1 LD) had scores that were compatible with the
means of their group. By contrast, the 2 groups were
severely affected on the RAN test in terms of mean
performance and percentage of impaired children. The
deficit seemed more marked for the digit condition.

For the Cancellation test, an ANOVA with group
(noLD, LD) as unrepeated factor and type of stimulus
(colors, objects, digits) as repeated factor was performed
(z scores). No main effect or interaction was reliable. A
similar ANOVA was performed for the RAN test. The
analysis showed a type of stimulus main effect
(F(2,68)=24.25, P<0.001). Tukey a posteriori compar-
isons, revealed that digit naming performance (� 6.17)
was more impaired than color (� 2.42) and object
performance (� 2.60; in both cases P<0.05), which did
not differ from each other. The group main effect and the
group by type of stimulus interaction were not significant.

Comments
The children’s ability to search visually for a target

was spared. This finding is consistent with what is
reported in other studies using the RAN procedure (eg,
Wimmer et al37). However, the noLD group had fairly
low scores on this test. As the cancellation measures may
load on an attentional factor, this result may be
influenced by the presence of ADHD among noLD
children. The association between ADHD and low
performance in this task was, however, not consistent:
out of the 3 children with ADHD in the entire sample,
only 1 child (noLD group) had an impaired performance,
whereas the other 2 children with ADHD (one in the
noLD and the other in the LD group) did not show a
selective deficit. This observation is compatible with
the inconsistent results found in studies on selective
attention deficits in individuals with ADHD (eg, Young
and Gudjonsson,38 Fisher et al,39 Huang-Pollock et al40).

A speed deficit was apparent in the RAN test.
Severe slowness in RAN was present in both groups in
terms of both mean performance and percentage of
children performing pathologically. These observations
are consistent with several other studies showing that
RAN is selectively affected in dyslexic children in both
opaque and transparent orthographies (for a review
see Wolf and Bowers19).

Summary of Results
We can summarize our results in 3 main outcomes:
First, for some tests there was a clear impairment as

compared with reference normative data, but no reliable
difference between noLD and LD children. Clearly, this
was the case for the reading of words and nonwords. Both
groups of children were also severely impaired in writing,
particularly in the case of words. Finally, both groups
were quite affected on the Naming tests.

Second, there were cases in which the LD children
were more affected than the noLD children. This was true
for the Reading comprehension test and for 2 out 3

measures of phonologic skills. On these tests, the
performance of noLD children was either normal or only
marginally affected in comparison with normative data.

Third, both groups showed a largely spared visual
search performance.

DISCUSSION
In the present study, we investigated phonologic

and RAN abilities in Italian dyslexic children. Not all
children in our sample had phonologic processing deficits,
but most of those who did had a history of LD. LD
children were impaired in phonologic tasks involving
working memory and metaphonologic skills. The defi-
cient working memory abilities found in our group of LD
dyslexics may be a residual sign of their early language
impairment, supporting the view that a working memory
deficit is a typical marker of language impairment often
persisting in children in whom language problems have
resolved.41 The lower performance of LD children
compared with NoLD children on a complex metapho-
nologic task such as spoonerism, which requires that
items be temporarily maintained in a phonologic code,
may have been exacerbated by their reduced working
memory abilities. Children with a negative history of
language development scored in the average range on
most phonologic tasks. This finding indicates that
dyslexia can occur in the absence of clear phonologic
impairment in a language with shallow orthography such
as Italian. In contrast, a recent study by Ramus and
colleagues42 comparing English dyslexics across several
different cognitive tasks demonstrated that the most
significant cognitive problem, shared by all individuals in
the sample, was a specific phonologic deficit. A different
picture emerges from our study. Indeed, if phonologic
processing deficits were the core symptom also of Italian
dyslexics, we should expect all dyslexics to have phono-
logic processing deficits and those with weaker phono-
logic abilities to be more impaired in reading and writing
skills. Neither prediction was confirmed. Indeed, in our
study a phonologic impairment was not the common
marker of all dyslexics. Moreover, dyslexic children with
and without phonologic processing deficits were equally
impaired in reading and writing and had a similar
behavioral profile. In reading, both groups were more
affected in speed than in accuracy. Further, they did not
show a more severe deficit in nonword reading than in
word reading, as has been reported in other studies on
Italian dyslexic children.20,21 This pattern of errors was
confirmed for spelling, consistently with recent observa-
tions by Angelelli et al.24

A between group difference was detected in text
comprehension, with LD scoring significantly lower than
noLD children. This difference may be a consequence of
the early LD of our LD dyslexics, as suggested by studies
on literacy outcomes in preschool children with SLI
(Bishop and Snowling5) showing that poor comprehen-
sion of written material is the most prominent feature
of literacy development in this clinical population. In a
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pioneering prospective study, Bishop and Adams6 found
that the frequency of comprehension problems in a group
of school-aged children who had been diagnosed as
language impaired in preschool years was significantly
above predictions in the normal population. On the other
side, only a few of the children in the same sample (8%)
met the diagnostic criteria for specific decoding difficulties
in reading. Weak decoding skills in SLI children have also
been reported in other studies.41,43 However, it should be
noted that in many studies children with previous
language impairment do not meet the diagnostic criteria
for dyslexia because they are often only slightly impaired
in reading decoding parameters (accuracy and/or speed).
Thus, theories that view SLI and dyslexia on a continuum
(eg, Tallal et al4) sharing common phonologic processing
deficits are not unequivocally supported by longitudinal
studies of SLI children.

Our data on language development of dyslexic
children are necessarily retrospective because the children
were referred to us for assessment of literacy problems at
school age. We tried to maximize reliability by obtaining
information from parents in a clinical interview and in a
semistructured questionnaire, independently rated by 2
experts in developmental speech and language pathology.
However, we are aware that this approach has limita-
tions, particularly in terms of obtaining detailed informa-
tion about the types of language problems encountered
previously. Nevertheless, it seems erroneous to disregard
retrospective information on language development when
evaluating dyslexic children simply because direct infor-
mation is unavailable. By contrast, we propose that such
information may be useful in studying the cognitive
problems underlying dyslexia and might help to differ-
entiate deficits associated with dyslexia from those that
cause dyslexia. Comparing dyslexic children with and
without a previous history of LD allowed us to
demonstrate that verbal working memory and metapho-
nologic deficits are not the only cause of dyslexia in
Italian, as many dyslexic children in our sample (mostly
in the noLD group) had adequate phonologic processing
skills. Therefore, it seems that phonologic deficits may not
represent a specific marker of the reading deficit in Italian
dyslexics, but could be a residual disability of a subset of
dyslexics mainly associated with a previous LD.

The relationship between the cognitive and the
behavioral level of dyslexia has been long debated.44 One
might speculate that phonologic problems interfere with
the construction of correct mappings between phonology
and orthography affecting development of the phonologic
route of reading. Thus, we should expect LD children to
perform worse on tasks requiring sublexical procedures
(nonword decoding) that rely more on segmental opera-
tions. On the contrary, both LD and noLD children were
less impaired in the use of sublexical than lexical
procedures, as shown by the fact that, compared with
normal readers, nonword reading was not more affected
than word reading. The prevalent reliance on the
sublexical procedure in Italian dyslexic children has been
reported both in the case of reading20,21 and spelling24

deficits. The reliability of grapheme-phoneme correspon-
dences facilitates the acquisition of phonologic recoding
and phoneme awareness both in normal and in dyslexic
children with phonologic impairment.

A deficit on a task requiring the rapid naming of
visual targets was found in both groups of children and
did not seem to be influenced by the presence of
phonologic deficits because LD children were just as slow
on the RAN test as noLD children.

Our data seem coherent with Wolf and Bowers’19

‘‘double deficit’’ hypothesis, which states that ‘‘phonolo-
gic deficits and processes underlying naming speed are
separable sources of reading dysfunction’’ (p. 416).
According to our results, deficits in both domains may
characterize children with a previous LD who do not
show a significantly more compromised reading perfor-
mance than children without a previous LD and a single
deficit in rapid naming. The influence of phonologic
factors in reading Italian, a language with consistent
orthography, may be reduced as compared with lan-
guages with inconsistent orthographies and more complex
phonologic structures. In the latter case, the combined
presence of phonologic and RAN deficits leads to more
profound reading impairments compared with those
found in children with a single delay. In our sample of
dyslexics the weight of a RAN deficit seems prominent: it
is the most frequent deficit and the one shared by children
with and without a previous language delay. This
cognitive pattern may be consistent with the main
difficulty of Italian dyslexics in developing a direct route
in processing written words; a specific link, in fact, has
been shown between performance on RAN tests and
direct access to the orthographic lexicon.17

There is a heated debate in the literature on which
components of the RAN task are critically involved in
dyslexia. According to some authors, the processes
involved in RAN entail a phonologic dimension different
from that required in metaphonologic and working
memory tasks; RAN tasks may tap speeded retrieval of
phonologic codes from long-term storage45 rather than
require phonologic fine-grained representations. Other
nonphonologic explanations of the naming speed deficit
in reading may involve visual search processes, auto-
matization of name retrieval and precisely timed integra-
tion between visual and lexical codes.19 In our study, the
control condition involving only the visual search
component of the task allowed us to demonstrate that
visual search difficulties were not responsible for the RAN
deficit. In fact, the majority of the dyslexics performed
like the controls on the cancellation task, which did not
require verbalization of targets.

Overall, reading deficits in regular orthographies
may stem from difficulty in automatizing orthographic
processing. Although this dimension seems relevant in
the case of both opaque and transparent ortho-
graphies (for a review see Wolf and Bowers19), it may
well be the most pathognomonic sign of reading deficiency
in languages with regular orthographies where reading
speed deficits are prominent.13,20,21
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