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Titulo: Perfiles de lectura en adolescentes con sindrome de X fragil y sin-
drome de Down.

Resumen: Las personas con sindrome de X fragil (FXS) y con sindrome
de Down (DS) leen mejor de lo esperado para su edad mental. Hemos me-
dido tres habilidades basicas de lectura (reconocimiento de palabras, con-
ciencia fonolégica y comprension de lectura), y dos medidas estindar inte-
lectual y verbal: Escalas McCarthy de capacidades de los nifios y los
Peabody Picture Vocabulary Tests. Las pruebas se aplicaron a 16 adoles-
centes clasificados como FXS (M = 14.74 afios, DT = 4.03) y 16 adolescen-
tes clasificados como DS (M = 15.59 afios, SD = 2.35). Para fines de com-
paracién, las prucbas de lectura también se aplicaron a un grupo de desa-
rrollo normal de 70 nifios de entre 4.8 y 7 afios (M = 6.11, DT = 0.71). Los
nifios con DS y FXS mostraron habilidades verbales superiores a su desa-
rrollo cognitivo, especialmente en el grupo FXS. En el rendimiento de lec-
tura, FXS mostraron un nivel de lectura correspondiente a 5/6 de su edad,
y para SD 6/7 de la edad de lectura equivalente; sin embargo, ambos gru-
pos mostraron un rendimiento de lectura similar en las tres habilidades de
lectura medidas, cuando la edad mental no verbal fue controlada.

Palabras clave: Sindrome de X fragil; sindrome de Down; discapacidad de
aprendizaje, comportamiento cognitivo; habilidades de lectura.

Abstract: Fragile X Syndrome (FXS) and Down Syndrome (DS) read bet-
ter than expected for their mental age. We have measured three basic read-
ing skills (word recognition, phonological awareness, and reading compre-
hension), and two standard intellectual and verbal measures: the McCarthy
Scales of Children’s Abilities and Peabody Picture Vocabulary Tests. The
tests were applied to 16 adolescents classified as FXS (M = 14.74 years old,
SD = 4.03) and 16 adolescents classified as DS (M = 15.59 years old, SD =
2.35). For compatison purposes, the reading tests were also applied to a
typical develop group of 70 children aged between 4.8 and 7.0 years (M =
6.11, SD = 0.71). Children with DS and FXS exhibited verbal skills supeti-
or to their cognitive development, especially in the FXS group. In reading
performance, FXS showed a reading level corresponding to 5/6 their age,
and for SD 6/7 of the equivalent reading age, however, both groups exhib-
ited a similar reading performance in the three reading skills measured,
when nonverbal mental age was controlled.

Key words: Fragile X Syndrome, Down Syndrome; Learning Disability,
Cognitive Behaviour; Reading Skills.

Introduction

The genetics of Down Syndrome (DS) and Fragile X Syn-
drome (IFXS) have received greater attention since the early
1990s. DS is caused by having an extra copy of chromosome
21 and is the most common genetic cause of intellectual dis-
ability (Abbeduto, Warren, & Conners, 2007; Barnes, Rob-
erts, Long, Martin, Berni, & Mandulak, 2009; Roberts, Price,
& Malkin, 2007). Its prevalence is 1 in 700 live births (Cen-
ters for Disease Control and Prevention, 2006). According
to the Spanish Collaborative Study of Congenital Malformations |Es-
tudio Colaborativo Espafiol de Malformaciones Congénitas],
ECEMC), it is estimated that the number of people with DS
is 35,000. From the year 2015, this population has been de-
clining at a constant rate (Huete Garcia, 2016).

FXS is the most common inherited cause of intellectual
disability (Barnes et al., 2009; Finestack, Richmond, &
Abbeduto, 2009; Flenthrope & Brady, 2010) and is caused
by a loss of expression of the Fragile X mental retardation
protein (FMRP) (see, Mirrett, Roberts, & Price, 2003). Its
prevalence is 1 in 4,000 males and 1 in 8,000 females (Price,
Roberts, Vandergrift, & Martin, 2007), and those are con-
servative estimates.

In Spanish studies, the prevalence of FXS has been re-
vised downwards. Of the initial estimates of 1:1,250 affected
males in the general population, a prevalence of 1:4,000 to
1:6,000 was reported. The figure for the female sex is ap-
proximately half (1:8,000 to 1:12,000). The prevalence of car-
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riers in the population is about 1:250 women, the ratio with
respect to male carriers is 3:1 (Ribate Molina, Pié Juste, &
Ramos Fuentes, 2010). Overall, in Spain, there may be 8,000
normal male carriers, 50,000 female carriers and 10,000 af-
fected. It is thought that 80-90% of cases are not diagnosed
(Asociacion Sindrome X-Fragil de Madrid, 2016).

The literature contains numerous studies dealing with
language development but hardly any research work has
been done on analysing reading behaviour, especially in FXS
(Adlof, Klusek, Shinkareva, Robinson, & Roberts, 2015).
This gap is particularly severe in Spanish language, which has
scarcely any validated instruments for measuring language
development in these special groups. This is an especially in-
teresting area of study, as Spanish is a language with trans-
parent orthography, so its development and acquisition can
take a different path to that of other languages with opaque
orthography, such as English. The review of reading skills
learning and acquisition is carried out by analysing the basic
components: word recognition, phonological awareness, and
reading comprehension (Roberts & Scott, 2000).

Theoretical Framework

Reading skills are critical for the success of individuals
with intellectual disabilities, as reading achievement is associ-
ated with increased vocational opportunities, increased peer
acceptance and greater independence in everyday activities.
Literacy has received little attention in FXS, the most com-
mon inherited cause of intellectual impairment. This study
examined the literacy profile of DS and FXS. The aim was to
compare and contrast the reading profile of both syndromes
and to examine some cognitive features, such as individuals’
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language and memory. In the literature, there are other simi-
lar studies of different syndromes, such as Down and Au-
tism, Asperger and FXS, FXS and ADHD (Attention-
Deficit-Hyperactivity-Disorder). Parent ratings of children
with FXS resulted in higher ADHD-inattentive type and
ADHD-hyperactive type T-scores than those of teachers
(Sullivan, Hatton, & Hammer, 2006). While it has long been
known that individuals with FXS often exhibit characteristics
of autism spectrum disorder (ASD), only recently has the
possibility been raised that the two conditions may have
considerably more overlap than previously thought. Scien-
tists at various fragile X laboratories are studying whether
this overlap may extend beyond more behavioural similati-
ties and perhaps include genetic or biological components as
well. That research may prove to have far-reaching effects
(Bailey, Hatton, Skinner, & Mesivob, 2001).

Down literacy

In spite of the numerous studies on reading in DS, the
mechanisms by which they learn to read, or what level of
mastery they can achieve are as unknown yet. Many of them
are able to develop some degree of literacy with guidance
and exposure (Kay-Raining Bird, Cleave, & McConnell,
2000), while many others do not master reading. Children
with DS can read better than one would expect from their
cognitive and/or language level (Bytne, MacDonald, &
Buckley, 2002; Snowling, Hulme, & Mercer, 2002). Better
readers with DS also have better language skills, and their
word reading skills are often, though not always, better than
their decoding skills (Buckley, 2001; Verucci, Menghini, &
Vicari, 2000).

Recognizing written words is an early reading skill. Sev-
eral studies (Fowler, Doherty, & Boyton, 1995; Kay-Raining
Bird et al., 2000; Laws & Gunn, 2002) have reported a signif-
icant correlation between word recognition abilities and vis-
ual and verbal short-term memory spans in individuals with
DS. In a longitudinal study, Kay-Raining Bird et al. (2000)
reported that progress in decoding ability was predicted by
verbal short-term memory span measured at the start of the
study after controlling for chronological age, mental age, and
phoneme segmentation ability.

Word recognition can be carried out by two routes: visu-
al and auditory. Strong visual processing skills aid this popu-
lation in whole-word recognition, but their weak phonologi-
cal (auditory) memory is thought to hinder phonological de-
coding. Phonological memory predicts variation in reading
ability beyond what could be explained by general cognitive
ability (Fowler et al., 1995), suggesting it would be a mistake
to focus intervention on whole-word recognition so much
that phonological awareness gets overlooked. Similarly, Kay-
Raining Bird et al. (2000) found that phonological memory
predicted a 4.5-year delay in word attack ability in a small
group of children with DS, controlling for both chronologi-
cal and mental age.

The second important skill included in our reading mod-
el has to do with phonological awareness. Just as phoneme
segmentation and rhyme awareness are strongly correlated
with the ability to “sound out” words (phonological decod-
ing) in typically developing children (Scarborough, 1998),
they are, too, in children with DS (Boudreau, 2002; Cardoso-
Martins & Frith, 2001; Cupples & Iacono, 2000; Gombert,
2002; Kay-Raining Bird et al., 2000; Snowling, Hulme, &
Mercer, 2002). Several studies have suggested that phoneme
and syllable segmentation, sound deletion, and rhyming are
particularly challenging for individuals with DS (Fowler et
al., 1995; Cardoso-Martins & Frith, 2001;Verucci et al.,
2000).

Few studies have examined complex literacy skills in in-
dividuals with DS, but the available evidence suggests they
have difficulties with such advanced skills. Byrne et al. (2002)
charted the literacy development of 24 children with DS
over a two-year period. Although children with DS made
significant improvements in single word reading, no change
in reading comprehension was observed. Verucci et al
(2006) found impaired passage comprehension in 17 indi-
viduals with DS, as compared to a typically developing con-
trol group matched on their accuracy and speed of single
word reading. Most children with DS have word-reading and
spelling ages ahead of their reading comprehension age
(Byrne et al., 2002; Fowler et al., 1995; Groen, Laws, Nation,
& Bishop, 2006). However, that sort of question has not
been systematically explored.

One might expect that levels of both vocabulary and
grammar comprehension would predict reading comprehen-
sion (Nation & Norbury, 2005; Robert & Scott, 2006). An-
other factor we expect to influence reading comprehension
in children with DS is their limited working memory capaci-
ty. This will affect their ability to decode new text while re-
taining the meaning of what has already been read (Gather-
cole & Pickering, 2001).

Cardoso-Martins, Peterson, Olson, and Pennington
(2009) administered a variety of reading tests (including sin-
gle word recognition, reading comprehension, pseudo-word
reading accuracy, and single word spelling) to 20 adolescents
with DS and found that their average reading ability was
lower than they would have predicted from IQ alone,
though skill level varied across participants. Conversely,
there is other evidence to suggest that the reading abilities of
children with DS are actually higher than their cognitive abil-
ity would indicate (Byrne et al. 2002).

There is considerable evidence linking reading develop-
ment to awareness of the sound structure of spoken lan-
guage for children with both developmental disabilities and
typical development (Cupples & Iacono, 2000). Numerous
studies have demonstrated that phonological awareness can
reliably predict individual differences in reading ability
(Siegel, 1993; Wagner & Torgesen, 1987), and that children
with greater phonological processing proficiency usually
learn to decode words more easily than those with phono-

anales de psicologia, 2017, vol. 33, n° 3 (october)



662 Anibal Puente et al.

logical processing difficulties (Menghini, Verucci, & Vicari,
2004).

Fragile X literacy

Few studies have investigated the reading abilities of in-
dividuals with FXS, and little is known about the processes
that may support literacy in this population. Individuals with
FXS exhibit significantly impaired reading skills, including
phonological awareness, offset by slightly better whole-word
decoding skills. In a national survey of 1,105 families of chil-
dren with FXS, Bailey, Raspa, Holiday, Bishop and Olmsted
(2009) found that only 19% of adult males with FXS were
reported to read books containing new words or concepts.
Significant impairments were also detected in basic literacy
skills, as only 44% of adult males with FXS were reported to
read basic picture books and 59% were reported to know let-
ter sounds.

Reading studies have indicated that individuals with FXS
tend to read better than expected given their mental age, and
that they have more difficulty decoding than sight-word
reading. This suggests reading is a strength they could poten-
tially develop. Initially, their strong sight-word recognition
skills should be used to teach reading; but later on, extra at-
tention should be paid to developing their knowledge and
use of letter-sound rules and decoding skills. Decoding non-
words is especially difficult for individuals with FXS, indicat-
ing weak phonological processing of new words.

Phonological skills in FXS may also be weaker than
would be expected based on basic reading abilities. Johnson-
Glenberg (2008) found that boys with FXS (= 13) who
were matched with typically developing children on word
identification skills showed phonological decoding skills
(measured by performance on a Word Attack Task) that
lagged behind those of the controls by about two years.

To explain the shortcomings of reading some cognitive
traits should be taken into consideration: children and ado-
lescents preferentially process information in a simultaneous
manner and when information is presented sequentially the
learning outcome is almost always deficient. For this reason,
learning reading, writing and mathematics are often very dif-
ficult activities for FXS individuals (Brun i Gasca & Artigas-
Pallarés, 2001). However, a prominent cognitive feature is
good long-term memory capacity, which may compensate
for this deficiency in some way (Ferndndez, Puente, & Fer-
rando-Lucas, 2010; Ferrando-Lucas, Bands-Goémez, &
Lopez-Pérez, 2003).

Clues to what strategies individuals with FXS use in read-
ing acquisition have come from evidence that they perform
relatively well on whole word decoding tasks that use real
words, but have difficulty on non-word decoding tasks,
which require a higher level of phonological processing abil-
ity, in a similar way to what happens with DS, as document-
ed in the previous section. Using the Word Identification
subtest of the Woodcock Reading Mastery Tests-Revised
(Woodcok, 1998), which measures whole word decoding of
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real words, Johnson-Glenberg (Buckley & Johnson-
Glenberg, 2008; Johnson-Glenberg, 2003) found that an
FXS group performed almost as well as a typically develop-
ing comparison group matched on mental age. However,
they scored significantly lower on the Word Attack subtest, a
non-word reading task. Furthermore, when the Word Identi-
fication subtest was administered to a younger, typically de-
veloping cohort matched on nonverbal mental age, the re-
sults were quite different: the FXS group outperformed the
younger typical development group. That FXS group’s supe-
rior performance was likely due to the significant age differ-
ence between the two cohorts — the FXS group’s average age
was approximately 20 years old, whereas the typically devel-
oping children were, on average, 5 years and 6 months old.
Thus, participants with FXS had a great deal more experi-
ence with print and vocabulary. Although these findings of
phonological awareness (described previously) are mostly
from research in typically developing children, recent studies
of children with atypical development have shown a similar
pattern (Cardoso-Martins & Frith, 2001; Gombert, 2002;
Laws & Gunn, 2002; Snowling et al., 2002). In a recent
study, Adlof et al (2015) show that, controlling for mental
age, both autistic and non-autistic FXS obtain similar results
to subjects with typical development. This means that non-
verbal mental age could explain the development of phono-
logical awareness for reading. However, it is not known if
this variable would explain reading at higher levels, such as
reading comprehension.

Higher-level literacy skills like reading comprehension
and listening comprehension have not yet been examined.
Most of what we currently know about reading in children
with DS or FXS is about basic literacy, or in other words,
functional reading. A functional reading approach typically
uses sight-word instruction to teach children a series of
words considered ‘functional’ for everyday life. Functional
reading is important but it is only a small part of reading, so
as the major or even sole focus of reading instruction, this
approach is severely limited and has limited learning poten-
tial.

The purpose of the study is to contribute and expand in-
formation on the reading performance of adolescents and
adults with DS and FXS. The scientific community and par-
ents’ associations frequently ask for greater support in facing
the shortage of clinical and empirical information to inter-
vene in the reading and writing skills of these individuals.
The reader profile of DS and FXS (especially the latter) is
still weak and inconsistent and this explains our interest in
reinforcing some of the aspects that have not yet been ex-
plored consistently. To do this, we administer the
PROBALES test (Puente et al., 2016) which measures three
basic reading processes: letter and word recognition, phono-
logical awareness level and the higher level of reading com-
prehension. The test is applied individually and allows the
reading performance profile of each subject to be defined,
with their strengths and weaknesses, and the similarities and
differences of each group (DS / FXS) to be ascertained.
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Given the shortage of research on reading in children
and adolescents with FXS, this study attempts to answer the
following questions: 1) What kind of reading strategies do
people with FXS use compared to people with DS? 2) What
are the strengths and weaknesses of the reading and phono-
logical profiles of adolescents with FXS? 3) Do word recog-
nition skills have less of an impact on reading than phono-
logical skills for people with FXS? 4) What levels of com-
prehension do FXS reach compared to DS and which cogni-
tive factors are involved in this comprehension process?

Method
Participants

The study involved 32 adolescents with DS and FXS, di-
vided into two groups of 16 participants each, all participants
were native Spanish speakers. The groups initially had 18
participants with FXS and 16 with DS, but two FXS partici-
pants were removed from the sample for not completing the
tests. The DS group’s average age was 15.59 years old (§D =
2.35) and it had 8 males and 8 females. Meanwhile, the FXS
group’s average age was 14.74 years old (§D = 4.03), 12 of
them males and 4 females. To test the reading performance
of subjects with typical development, 70 children (34 chil-
dren and 36 girls) in kindergarten and first grade were select-
ed from 4.8 to 7.0 years of age (M = 6.11, §D = 0.71).

Instruments

Peabody Picture Vocabulary Test (PPVT-III; Dunn
& Dunn, 2006). A classic means of assessing performance
in common vocabulary is the PPVT-IIL It is administered
individually with no time limit, and is broad in scope. We
used the Spanish adaptation of the third edition (Dunn,
Dunn, & Arribas, 2010). The test is very useful and reliable
at evaluating children with typical development, and even
some degree of developmental alteration that affects aca-
demic performance.

McCarthy Scales of Children’s Abilities (MSCA;
McCarthy, 1972). The MSCA is individually administered
and assesses cognitive development and motor skills in chil-
dren aged 2.5 to 8.5 years old. We used the Spanish adapta-
tion by Cordero, Seisdedos, Gonzalez and de la Cruz (2013).

The testing session is about 45 minutes long for children
under 5, and an hour for older children. A wide range of
puzzles, toys, and game-like activities is used to evaluate each
child on five different scales. The Verbal Scale, which has
five subtests, assesses comprehension and language use. The
Quantitative Scale (three subtests) measures mathematical
abilities. The Perceptual-Performance Scale (seven subtests)
evaluates a child’s ability to conceptualize and reason with-
out words. The Memory Scale (four subtests) tests short-
term recall of words, numbers, pictures, and tonal sequences.
Finally, the Motor Scale (five subtests) assesses both gross
and fine motor coordination. In addition to individual scores
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on each scale, the Verbal, Quantitative, and Perceptual-
Performance Scales are combined to yield a General Cogni-
tive Index, a measure of overall intellectual functioning ex-
pressed as an Equivalent Mental Age between 1.5 and 12.5
years old. In addition to including global cognitive develop-
ment, the McCarthy Scales are useful for determining area-
specific strengths and weaknesses.

Basic Reading Skill

For the objective population, there is no specific test or
set of tests in Spanish for the evaluation of the three pro-
posed basic reading skills: Recognition, Phonological
Awareness and Comprehension (see Roberts & Scott, 2000)
In consequence we developed PROBALES (PROcesos BAsi-
cos de LEctura, the Spanish acronym for Basic Reading Skills). This
instrument has been validated in Spanish samples in school
children aged between 4 and 9 years old (Puente et al., 2016)
and includes the following scales:

Recognition. Three tasks were designed to assess chil-
dren’s recognition and identification skills, using as points of
reference the Word Identification subtests of the Wide
Range Achievement Test (Wilkinson, 1993) and the Wood-
cock Reading Mastery Test (Woodcock, 1987). Tasks:

Symbol Identification. A simple visual stimulus is presented,
and respondents must correctly identify it within a set of
similar stimuli.

Word Identification. A word written on a card is presented
for approximately 20 seconds and then taken away. Re-
spondents must identify the word that matches the card
from a set of four options.

Word Recognition. A written list of words is presented vis-
ually and respondents must correctly rewrite them. Like the
Word Identification task, this requires respondents to acti-
vate the word’s imprint, hold it in visual memory, and then
write it down.

Phonological Awareness. Three tasks were designed to
measure phonological processes. These tasks are similar to
eatlier tests of sound identification and phonological pro-
cessing (e.g. Lovett et al., 1994; Torgesen & Wagner, 1999).
Tasks:

Letter Sound ldentification. The experimenter pronounces
aloud the phoneme corresponding to a letter, and respond-
ents must select that letter of the alphabet by circling it.

Rhyme Identification. This involves identifying the word
that sounds like the target word.

Listen and Write. Letters and wotds are presented orally
and participants are asked to write them down immediately.

Comprehension. Three tasks were designed to asses
reading comprehension. These are common tasks such as
the Passage Comprehension subtest of the Woodcock Read-
ing Mastery Test (Woodcock, 1987). Tasks:

Word Completion. A word or phrase is presented from
which certain vowels or consonants have been omitted, and
respondents must fill in the blanks so it makes sense.

Vocabulary (identify the correct word). This is a test of broad
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vocabulary in which respondents choose the word with the
correct spelling from among four very similar options. In
this case, the other alternatives are pseudo words, or variants
produced by slightly altering the position of a component
letter of the word.

Phrase Completion. Respondents select the word that com-
pletes the phrase from a list.

Procedure

All testing materials were placed on students’ desks,
which were otherwise clear. The children were not permitted
to erase anything. The tasks were administered individually.
Tree sessions were held and always in the same order: Pea-
body, McCarthy and PROBALES.

Statistical analysis

T-test and analysis of variance (ANOVA) were employed
to determine the statistical significance of the differences be-
tween groups. Linear regression was employed to ascertain
which of cognitive subtests best explain reading perfor-
mance. All analysis were made using SPSS 22 for Windows
(SPSS Inc., Chicago, Illinois).

Results

There is no statistically significant difference, #30) = 1.18, p
= .25, between FXS and DS groups in the Peabody Vocabu-
lary Test (M = 73.06 and SD = 1.26 for FXS, M = 69.86 and
SD = 15.93 for DS, scores that correspond to a mental age
of 6.5 / 6.0 years). Nevertheless. FXS score statistically sig-
nificantly higher on the Verbal Scale (Verbal Memory I and
Pictorial Memory subtests) of the McCarthy (see Table 1). In
contrast, the DS group out-performed the FXS group on the
McCarthy Perceptual-Performance with statistically signifi-
cant differences on the following subscales: Block Building,
Tapping Sequence, Draw-a-Design, and Draw-a-Child. Dif-
ferences on other scales fell short of statistical significance (p
< .05). For instance, the DS group’s General Cognitive In-
dexes (Verbal Scale + Perceptual-Performance + Quantita-
tive) were higher, but not to the level of statistical signifi-
cance. In conclusion, the results convey better performance
in the FXS group on verbal intelligence tests, and in the DS
group on nonverbal intelligence tests.

The PROBALES has proved to be a predictive and reli-
able instrument (Alvarado, Puente, Fernandez, & Jiménez,
2015; Puente et al.,, 2016) to assess developmental level on
reading precursors in Spanish: Cronbach’s a = .91 for expet-
imental group and Cronbach’s « = .81 for typical develop
group. In Table 2 it can be seen that DS obtain better scores
than FXS in all reading tasks, with the differences in the
scales of Recognition (Symbol Identification and Word Iden-
tification Subscales) and Comprehension (only at the overall
score level) being statistically significant.
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Table 1. McCarthy mean scores for DS and FXS (D in brackets).

Scales/Subscales DS FXS
Opposite Analogies 8.00 (3.72) 10.12 (3.35)
Pictorial Memory 3.69 (1.35) 4.71 (1.40)*
Verbal Fluency 17.75 (6.88) 20.59 (4.68)
Verbal Memory I 7.06 (3.90) 9.82 3.17)*
Verbal Memory I1 3.38 (2.39) 5.00 (2.29)
Word Knowledge 16.50 (5.51) 18.82 (3.81)
Vetrbal Scale 56.38 (19.82)  69.06 (14.96)*
Mental Age 5.0 [3.5;6.5] 6.5 [5.0; 7.5]
Conceptual Grouping 7.79 (2.89) 6.13 (2.29)
Block Building 10.50 (1.79)** 8.27 (1.75)
Draw-a-Child 11.50 (2.88)* 8.67 (3.66)
Draw-a-Design 11.56 (5.14)* 7.53 (3.28)
Puzzle Solving 8.93 (3.10) 6.93 (3.39)
Right-Left Orientation 6.57 (2.24) 5.00 (3.40)
Tapping Sequence 4.21(1.48)** 2.07 (1.03)
Perceptual-performance 60.93 (13.33)**  44.13 (14.18)
Mental Age 5.5 [4.5;6.5] 4.5 [3.5;5.0]
Counting and Sorting 6.29 (2.49) 4.67 2.77)
Number Questions 9.86 (3.63) 7.60 (2.64)
Numerical Memory I 3.44 (1.31) 3.53 (1.81)
Numerical Memory 11 2.25 (2.05) 1.18 (1.74)
Quantitative 21.93 (7.92) 16.60 (6.52)
Mental Age 5.0 [3.5;5.5] 4.0 [3.0;5.0]
¥ p< .05 %p < 01
Table 2. Reading Skill measured by PROBALES.
MEASURES SD FXS
Symbol Identification 6.06 (1.00)** 4.56 (1.55)
Word Identification 4.69 (2.12)* 2.75 (2.65)
Word Recognition 7.38 (3.32) 4.94 (4.20)
Recognition Scale 18.13 (5.55)*  12.25 (7.39)
Rhyme Identification 3.25 (1.48) 2.63 (1.67)
Letter Sound Identification 4.75 (4.37) 3.13 (4.03)
Listen and Write 7.75 (4.27) 5.50 (4.13)
Phonological Scale 15.75 (8.39) 11.25 (8.30)
Vocabulary 4.06(2.21) 2.94 (2.35)
Word Completion 4.50 (3.35) 2.31 (2.77)
Phrase Completion 2.69(3.05) 0.94 (2.05)
Comprehension Scale 11.25 (7.36)* 6.19 (6.03)

TOTAL SCORES

45.13 (20.06)*

29.69 (20.24)

*p < .05;*%p < .01

To measure the reading level of children with typical de-
velopment and comparable mental age, the test was adminis-
tered to a sample of 70 children aged between 4.8 and 7
years, estimating the equation of linear regression between
age and the three PROBALES scales, and generally obtain-
ing a good fit: Scale of Recognition R = .40 (R%q4 = .15);
Scale of Phonological Awareness R = .72 (R%q = .51); Scale
of Comprehension R = .73 (R%g = .52) and Global Reading
R = .77 (R%q4; = .58). These equations were used to convert
reading scores into equivalent reading ages in subjects with
typical development and the differences in reading between
DS and FXS were analysed by means of a repeated measures
Analysis of Variance (ANOVA).

The ANOVA (groups = comparison DS and FXS, re-
peated measure = reading measure to Recognition, Phono-
logical and Comprehension) shows a main effect of repeated
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reading measure F(2,60) = 148.35, p < .001, np? = .83, and
the group (DS vs FX) F(1,30) = 4.79, p = .037, n,*> = .14.
There was no significant interaction effect between reading
measures (Recognition, Phonological and Comprehension)
and group F(2,30) = 0.71, p = .50, np? = .02. However, if
non-verbal mental age is controlled and the two non-verbal
McCarthy measurements are introduced as co-variables in
the ANOVA (3 FXS and 2 DS were excluded because of
missing data for these covariates), the ANOVA showed a
main effect of reading measurement F(2,46) = 7.02, p = .002,
Np? = .23, but the group F(1,23) = 0.31, p = .59, 0,2 = .01
was no longer significant, nor was there interaction between
reading measurement and group F(2,30) = 0.19, p = .83, 7,2
= .01. Both co-variables were significant: Perceptive
F(1,23)= 6.82, p = .016, np? = .23 and Quantitative F(1,23) =
10.22, p = .004, 0> = .31 (See Figure 1).
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Figure 1. Average scores on the reading scales (transformed to typical de-

velopment reading age) for the DS (continuous line) and FXS (dashed line)
groups. The figure on the left shows the results without co-variates, whilst
in the figure on the right the McCarthy measurements for non-verbal as-

pects were introduced as co-variables.

Regarding the overall performance in reading, the regres-
sion model based on the non-verbal scales showed a validity
coefficient R = .84 (R%q = .72) for the Perceptive-
Manipulative Scale, 3 = .46, p = .005, and for the Quantita-
tive scale B = .48, p = .004. (See Figure 2)
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Figure 2. Plots of Reading Age values against standardized predicted non-
verbal mental age

As a result, if non-verbal mental age is controlled, the
differences between the groups disappeared in the three
reading measurements. These results enabled both groups to
be analysed together to ascertain which aspects of intelli-
gence allow reading performance to be predicted. We per-
formed regression analysis (see Table 3) to determine which
McCarthy variables correctly predicted reading ability, as
measured by the PROBALES and its Subscales.

Table 3. Standardized Coefficients (8), # values, and significance level for
each McCarthy predictor variable on the PROBALES Subscales.

MEASURES g t p
Recognition (R2,q= .72)

Block Building 434 3.474 .002
Number Questions 405 3.615 .002
Right-Left Orientation 317 2.627 015
Phonology (2.4 = .68)

Tapping Sequence 720 6.295 .000
Word Knowledge (Vocabulary) 489 4.278 .000
Comprehension (R2,q; = .82)

Tapping Sequence .523 4.828 .000
Opposite Analogies .293 3.243 .004
Draw-a-Design 334 3.082 .006
Right-Left Orientation 217 2.372 027
PROBALES (R2.4= .76)

Tapping Sequence .780 8.006 .000
Word Knowledge (Vocabulary) 485 4.981 .000

Table 3 illustrates that the Recognition Scale was strongly
related to competencies such as Block Building, Number
Questions, and Right-Left Orientation (explaining 72% of
variance). As for the Phonology scale, 68% of its variance
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could be explained by Tapping Sequence and Word
Knowledge scores. 76% of variance in Comprehension was
explained by the variables Tapping Sequence, Opposite
Analogies, Draw-a-Design, and Right-Left Orientation. In
any case, the Phonology skills — Tapping Sequence and
Word Knowledge — were the best predictors of overall read-
ing performance as measured by the PROBALES; together
they explained 76% of variance.

Discussion

Learning to read and developing literacy skills can be useful
in everyday life for individuals with DS and FXS. Research
on reading development in children with DS has indicated
they can often read better than might be expected (Finestack
& Abbeduto, 2010). This research compares reading profiles
in Spanish in DS and FXS adolescents and attempting to
identify undetlying cognitive mechanisms. The assessment
procedutre was to administer the PROBALES test, which is
structured around three basic reading skills: word recogni-
tion, phonological awareness, and sentence reading compre-
hension (Roberts & Scott, 2006). To obtain the reading pro-
file and the underlying cognitive mechanisms is a complex
task. For this reason, our results should be considered with
some caution as they may result in controversial appearance.

The two experimental groups, FXS and DS, are homo-
geneous in total 1Q, but their cognitive profile is different.
FXS are superior in verbal 1Q, this superiority is due to bet-
ter performance in tasks of immediate memory with visual
or verbal elements (Pictorial Memory and Verbal Memory 1
Subtests). DS are superior in the manipulative perceptual
scale. This superiority is due to good results obtained in
Block Building, Draw- a-Design, Draw-a-Child and Tapping
Sequence, i.e. constructive, coordination and visuospatial in-
tegration praxias that relate to phonological decoding and
correlate with phonological awareness (Boudreau, 2002;
Cardoso-Martins & Frith, 2001; Scarborough, 1998; Snowl-
ing, Hulme, & Mercer, 2002). Individuals with DS face par-
ticular challenges in phoneme and syllable segmentation,
sound deletion, and rhyming (Verucci et al., 2006). Buckley
(2001) argues that when children with SD receive reading
training from an eatly age of 3 years, they reach far higher
levels of reading development than when they start reading
at 6 years of age. They show significant advances in speech,
language, reading and short-term memory skills during their
childhood and adolescence. According to Buckley there are
at least two reasons to explain the improvement: firstly, as
explained, visuospatial processing is better preserved than
auditory in people with SD. Secondly, duplication of the
message (verbal and written) favors the storage in memory
of the structures involved in the language.

The reading level of adolescents FXS and DS was be-
tween 5 and 6 years of age in children with typical develop-
ment. This result is according to the considerable evidence
to suggest syntax delays in DS and male FXS. Both receptive
and expressive syntax abilities are lower than expected from
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their nonverbal cognitive ability (Caselli, Monaco, Trasciani,
& Vicari, 2008, Roberts, Price, & Malkin, 2007). Indeed,
young individuals with DS exhibit even more syntactic delay
than those with female FXS (Finestack & Abbeduto, 2010;
Price & Kent, 2008).

Regression analysis using McCarthy scores to predict
PROBALES scores reveals that Tapping Sequence showed
the highest explained variance and accounted for the greatest
difference in reading behavior between the two experimental
groups. Tapping Sequence is an activity in which a xylo-
phone repeats a sequence of notes played by an examiner.
The task assesses immediate memory for non-verbal materi-
al, and measures a child’s attentional ability and perceptual-
motor coordination (Cornish, Turk, & Hagerman, 2008).
FXS group scored very low when prompted to immediately
recall the sequence of sounds. This pattern of auditory
memory deficit could partially explain those participants’
phonological memory performance. Another factor in the
FXS group’s poor performance was the visual processing of
words, which is distinctly predominant in these individuals.
It is sometimes their only means of accessing word reading.
Clinical reports by Braden (2002) and Spiridigliozzi et al.
(1994) have also supported weaknesses in word decoding
skills and relative strengths in familiar word decoding in
IFXS. Given these reports, it has been suggested that children
with FXS rely on different sub-processes to identify words
than typically developing children, with greater dependence
on a gestalt or “whole-word” approach to word decoding.
This form of processing facilitates overall word recognition,
but words cannot all be read this way, so a second means of
phonological sequence processing is needed. When visual
processing is dominant and/or used exclusively, it interferes
with developing the phonological component of memory
and hinders phonological decoding (Fowler et al., 1995). Ex-
cluding phonological awareness from the first phase of read-
ing acquisition is a common cause of poor reading perfor-
mance in children with both typical and atypical develop-
ment (Snowling, 1980). Yet, emerging evidence suggests that,
despite relative weaknesses in this domain, phonological abil-
ity may be an important predictor of reading achievement in
FXS. In one study of 54 boys with FXS, phonological
awareness accounted for significant variability in both con-
current and later letter/word identification skills (Adlof et al.,
2015). Individuals with FXS also show significant weakness
in pragmatic skills, and their ability to identify and provide
necessary informative details in conversation is impaired
more than one would expect from their levels of cognitive
development. Their use of repetitive language is also signifi-
cantly greater than their mental age would indicate; some
have suggested that characteristic is unique to FXS. Some
pragmatic aspects of language were at work in the more
complex comprehension tasks, like completing and inter-
preting short sentences on the Listen and Write task. Prag-
matic competencies are needed to support social language
use, such as using language for different purposes (e.g.,
greeting, informing, requesting, commenting), changing lan-
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guage based on the needs of the listener (e.g., speaking dif-
ferently to a baby than an adult), and following conversa-
tional and storytelling rules (e.g., rephrasing when misunder-
stood, introducing characters in a story). Several studies have
showed the pragmatic language skills of individuals with FXS
to present particular challenges (Ferrier, Bashir, Meryash, &
Johnston, 1991; Roberts et al., 2007).

We obtained significant results favoring the DS group on
recognition tasks and comprehension tasks. According to the
results, there appears to be a predictive relationship between
the perceptual-performance scale and outcomes on the read-
ing tasks. In fact, when non-verbal mental age is controlled
(perceptual-performance & quantitative) the differences in
reading between the two groups disappears, confirming that
“non-verbal mental age” is a key variable for explaining the
difference in reading between FX and DS groups. This result
is consistent with that reported by Adlof et al. (2015), by
controlling this variable the differences in reading between
autistic and non-autistic FX disappear. In our study, we ex-
tend this conclusion to DS and to other linguistic skills such
as comprehension in a transparent language like Spanish, so
this result becomes even more generalized.

For both, children and adolescents with DS or FXS, who
aspire to a higher level of reading mastery and want to ex-
pand their reading skills, must be trained to use the most
demanding strategies for comprehension. If discriminating
sounds is still difficult for a reader, the next goal might be to
work on the meaning of morphemes. For example, separat-
ing a word into syllables and recognizing the meaning of pre-
fixes and/or suffixes could be an effective way to expand
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