
Abstract

The study of similarities and differences in the cognitive profiles of per-
sons with genetic-based Intellectual Disability is relevant to increase our
understanding about the complex way in which genetic aspects affect cog-
nitive processes.
Genetic syndromes have been mainly studied with reference to within-
profile variability. 
The aim of our study was to compare cognitive syndrome profiles in or-
der to detect those cognitive variables that better characterize each syn-
drome.
Wechsler Intelligence Scale for Children was administered in a sample
composed of 156 persons with mild or moderate Intellectual Disability, 94
males and 62 females, divided into four groups according to their genetic
syndrome (Down or Trisomy-21, Williams, Prader-Willi, Fragile-X)
The groups were paired on chronological and mental ages and levels of
maladaptive behaviors.
Variance analysis across syndromes, followed by a discriminant analysis,
were performed for all the variables.
Results showed that the delay in cognitive functions is higher in attention-
concentration and visuo-spatial constructive skills than in verbal skills.
The genetic syndromes had different profiles, with a higher level for Prad-
er-Willi than for Down and Fragile-X; the intra-profile disharmony was
lower in Down and higher in Williams syndrome.
Discriminant analysis allowed us to detect the best discriminating subtests
in the classification of syndromes based on cognitive points of strength
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and weakness.
Our results supported the hypothesis that Intellectual Disability reflects
the impaired functioning of a complex system in which some skills are
damaged more than others.
The question of “what discriminates better among syndromes” may be an-
swered assuming a “modular” perspective of mind in disability. To ana-
lyze what abilities are specifically impaired in each syndrome, is useful to
plan specific rehabilitation procedures.

Keywords: Genetic syndromes – Intellectual Disability – Phenotype –
Cognitive profiles

Introduction

Peculiar cognitive profiles of genetic syndromes, as well as intra-profile
variability, have been the subject of current discussions.

The syndromes can be represented on a continuum based on the global
severity level of the cognitive disability: namely, from the lowest level of im-
pairment characterizing Prader-Willi Syndrome, through Williams syn-
drome and, finally, Down Syndrome.

On the same continuum, stability of IQ is also represented: more stable
for Prader-Willi (Waters, 1999; Roof, Stone, MacLean, Feurer,Thompson, &
Butler, 2000; Dykens, Hodapp, & Finucane, 2000), less stable for Williams
Syndrome, while a progressive reduction of IQ level was found for Down
syndrome (Hodapp, Evans, & Gray, 1999).

As far as the variability of cognitive performances across syndromes is
concerned, Down Syndrome showed less variability than Williams Syn-
drome, which appeared to be more heterogeneous (Porter & Coltheart,
2005). Moreover, in Williams persons, a discrepancy also occurred between
verbal and spatial memory (Vicari, Brizzolara, Carlesimo, Pezzini, &
Volterra, 1996).

High variability was also found in Prader-Willi and Fragile-X Syn-
dromes (Kau, Reider, Payne, Meyer, & Freund, 2000). In this latter, vari-
ability seemed to be correlated to gender-linked genetic features character-
izing the syndrome. According to Cornish, Sudhalter, and Turk, (2004, p.
11), “the Fragile-X Syndrome profile is characterized by uneven abilities
within and across cognitive domain”.

In order to describe within-profile variability for each syndrome, many
studies have focused on the differences between cognitive functions. For
example, in Down and Williams Syndromes, opposite profiles seemed to
emerge when matching the general intellectual levels: verbal skills turned
out to be higher in the Williams syndrome, despite many atypical features
in different language areas (O’Brien & Yule, 1995;Volterra, Capirci, Pezzi-
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ni, Sabbadini, & Vicari, 1996; Mervis, Robinson, Bertrand, Morris, Klein-
Tasman, & Armstrong, 2000; Mervis, 2003); higher visual-spatial skills were
found in Down Syndrome (Lanfranchi, Cornoldi, & Vianello, 2004), typi-
cally characterized by marked deficits in language development, usually af-
fecting more phonology and syntax than lexicon (Rondal, 2004; Chapman
& Hesketh, 2001).

A few authors highlighted similarities rather than differences across
profiles: according to Fisch et al. (2007), cognitive and adaptive profiles of
children with Fragile X and Williams are “surprisingly similar”.

Cognitive outcomes of genetic disorders leading to intellectual disabili-
ties were analyzed from a number of different perspectives (Hodapp, 1997).

According to a “total specificity” perspective (Flynt & Yule, 1994),
each genetic syndrome has unique characteristics that other syndromes
have not. For example, with regard to cognitive functioning, higher visual
rather than auditory receptive abilities were found only in Down syn-
drome (Pueschel, Gallagher, Zartler, & Pezzullo, 1987; Chapman & Hes-
keth, 2001); Williams syndrome subjects are typically characterized by
high-level language abilities, impaired visuo-spatial functioning and low
mental age (Bellugi, Wang, & Jernigan, 1994); attention, executive func-
tions and visuo-perceptual organization are usually impaired in Prader-
Willi Syndrome, as a consequence of deficits in frontal cognitive process-
es (Jauregi et al., 2007).

In a “partial specificity” perspective, a few genetic disorders had a single
outcome, differing from mixed-etiology intellectual disabilities. For exam-
ple, slightly impaired sequential processing was found both in Prader-Willi
and in Fragile-X Syndromes (Dykens, Hodapp, & Leckman, 1987).

In this perspective, analysis of similarities and differences in the cogni-
tive development of persons with genetic-based Intellectual Disability ap-
pear to be of most relevance.

The above mentioned studies focused on each of the syndromes as well
as on the comparisons between syndromes, or – in a few cases – on the study
of the same function across syndromes: e.g., memory in Williams and Down
Syndromes (Wang & Bellugi, 1994; Devenny, Krinsky-McHale, Kittler, Flo-
ry, Jenkins, & Brown, 2004; Vicari, 2004; Vicari & Carlesimo, 2006), expres-
sive versus receptive vocabulary and speech production in Fragile-X and
Down Syndromes (Roberts et al. 2007); and, finally, specific language func-
tions across several genetic syndromes (Rondal, 2004).

In order to answer the crucial question about the disharmony of intel-
lectual functioning in genetic syndromes – namely, specific impairments in
each syndrome – we compared different profiles by pairing samples on
chronological and mental ages.

Aim
The aim of our study was to compare cognitive syndrome profiles as well
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as to use a discriminant analysis approach to detect those cognitive vari-
ables that better characterize each syndrome.

Method

Instruments
Wechsler Intelligence Scale for Children (suitable for 6-to-17 age ranges,

and persons with < 18 years of mental age) was administered, including 11
tests, divided into two subscales, namely “verbal” (Information, Similarities,
Comprehension, Digit Span,Arithmetic and Vocabulary subtests), and “per-
formance” (Picture Completion, Picture Arrangement, Block Design, Object
Assembly and Coding subtests). Scaled scores were used for each subtest.

We administered the Italian version of WISC-R (Wechsler, 1974; trans-
lated, adapted and standardized by Rubini & Padovani, 1986). The long
procedure of sample recruitment (several years), due to the rarity of some
genetic syndromes, did not allow us to use the most recent WISC-III ver-
sion, which has only recently been translated, adapted and standardized in
Italy.

Tests were administered by qualified psychologists, specifically trained in
assessing persons with Intellectual Disability.

Sample
The sample (n = 156, males = 94 and females = 62), was composed of per-

sons with mild or moderate mental retardation since WISC-R scale and
other cognitive tests may be reliably administered only to people with these
levels of Intellectual Disability. The sample was diagnosed according to
ICD-10 (WHO, 1992) criteria.

Table 1 shows that differences in chronological age, mental age (assessed
with age equivalent composite scores derived from intelligence and adap-
tive tests) and levels of maladaptive behaviors – measured with Vineland
Adaptive Behavior Scale (Sparrow, Balla, & Cicchetti, 1984) – turned out to
be not-significant in the subgroups selected according to each genetic syn-
drome considered.

The difference in composition of subgroups reflects the different preva-
lence of the syndromes in our regional context; for some syndromes almost
all the cases existing in Sicily in last few years were recruited for the re-
search.
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Data analysis 
Variance analysis across syndromes was performed for all the variables.

The comparison are displayed in Figure 1, and Table 2 shows means and
standard errors for each measure.
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 Total m f Chronol. Age Mental age Malad. behav. 

Down 103 56 47 182.04 ± 9.39 81.04 ±1.44 11.07 ±   .75 

Williams  12  9  3 210.00 ± 25.91 77.96 ±5.04 10.43 ± 2.79 

Prader-
Willi 

 16  7  9 196.44 ± 19.59 83.16 ±4.32 14.50 ± 1.97 

Fragile-X  25 22  3 180.00 ± 18.12 77.63 ±3.36 13.75 ± 1.90 

156 94 62  F=.43, p=.73 F=.65 p =.59 F=1.47 p=.23 

 

Table 1 - Genetic syndromes with Intellectual Disability. Comparison between
means (± standard error) for Chronological age, mental age (in months),
maladaptive behaviors (from Vineland Adaptive Behavior Scale)
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Overall, the syndromes showed quite similar trends, although the score
levels were different and marked differences were found in some areas.

In the Verbal subscale, persons with Down Syndrome presented with the
lowest profile.Those with Fragile-X had the wider within-profile variability:
marked deficits were found in the subtests tapping on attentional areas
(Arithmetic and Digit Span), whereas verbal profile in Williams Syndrome
appeared to be rather homogeneous. Prader-Willi Syndrome showed the
highest profile, despite marked decreases in attentive subtests.

Across all the syndromes, the highest score for Verbal profile was ob-
tained in the Similarities subtest.

In the Performance subscale, similar profiles were found, albeit differing
in score levels.

Lowest and quite overlapping profiles were found in Down and Fragile-
X Syndromes, whereas improvements in Picture Completion and Picture
Arrangement were detected in Williams Syndrome profiles.

Prader Willi Syndrome shows “Performance” profile rather homoge-
nous, with a peak in Object Assembly and lower mean scores in Picture
Completion, Blocks and Digit Symbol.

On the whole, the more relevant deficits were found across all syn-
dromes – despite their different levels – in attention-concentration subtest
areas, as well as in Block Design, which taps on visuo-spatial and construc-
tive skills, typically deteriorated because of the neuropsychological impair-
ment due to the genetic disease.

A discriminant analysis was performed to find a linear combination be-
tween measures (Wechsler scores) that best classified or discriminated
among the syndromes.
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 Down Williams Prader-Willi Fragile-X F 

Information 2.13 ± .20 3.10 ± .60 3.61 ± .52 2.46  ± .41 2.85   p=.04 

Similarities 3.08 ± .19 3.47 ± .55 4.85 ± .48 3.40  ± .38 3.97   p=.01 
Arithmetic 1.74 ± .13 2.67 ± .37 3.55 ± .32 1.66  ± .26 10.66 p<.001 
Vocabulary 1.99 ±.16  3.38 ± .48 3.69 ± .42 2.99  ± .33 7.73 p<.001 
Comprehension 1.99 ± .15 3.13 ± .44 4.21 ± .38 2.87  ± .30 11.87 p<.001 
Digit Span 1.33 ± .11 2.84 ± .31 2.83 ± .27 1.23  ± .22 15.25 p<.001 
Picture completion 2.97 ± .16 3.74 ± .47 3.93 ± .40 2.94  ± .32 2.33   p=.08 
Picture Arrangement 2.12 ± .15 2.93 ± .45 4.71 ± .39 1.92  ± .31 14.21 p<.001 
Block Design 2.07 ± .14 2.26 ± .41 3.57 ± .36 1.89  ± .29 5.61 p<.001 

Object Assembly 3.00 ± .20 3.45 ± .58 5.65 ± .50 2.43  ± .40 9.61 p<.001 
Digit-symbol 1.71 ± .15 1.85 ± .45 3.68 ± .39 1.77  ± .31 7.41 p<.001 

Table 2 - Means and standard errors for each measure, and results of Analysis of 
Variance across syndromes



In consideration of the number of variables entered in the analysis, a
backward stepwise method was used (alpha=.10).The Wilks’ Lambda index
to test homogeneity among groups (d.f. 1,3,152) was .76 (F= 16,67, p<.001).

The incidence of each of the variables on the discriminant function is
shown in Table 3.

The best discriminating subtests in the classification of syndromes were:
- Object assembly: as previously shown in the analysis of mean scores
(fig. 1), Prader-Willi scored the highest, whereas Fragile-X the lowest.
- Picture arrangement: higher mean scores in Prader-Willi than in Down
and Fragile X syndromes.
- Digit span: higher mean scores in Prader-Willi and Williams than in
Down and Fragile-X syndromes.
Picture Completion was the subtest with the lowest discrimination pow-

er, with similar mean scores across groups.
The eigenvalue for the first canonical variable (the linear combination

of the variables that best discriminates among groups) was remarkably
higher than subsequent combinations (.90 vs .24 and .12), showing a higher
variance in the first variable (72% of the total dispersion among groups).
Canonical correlations between these variables and the groups (represent-
ed as dummy variables) were quite high: .70, .44, .30.

In the “classification matrix” of the discriminant analysis, each case falls
into a specific group having the largest value of its classification function.
The overall percentage of correct classifications was high (82%). The high-
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Subtest F-to-remove      Tolerance  

Information 4.41 0 .39 
Similarities 3.57 0 .38 
Arithmetic 2.38 0 .42 
Vocabulary 4.21 0 .25 
Comprehension 2.41 0 .36 
Digit Span 7.55 0 .48 
Picture  completion* 0.44 0 .54 
Picture  Arrangement 8.34 0 .42 
Block Design 4.48 0 .37 
Object Assembly 12.04 0 .60 
Digit-symbol 4.54 0 .50 

Table 3 - Discriminant analysis for WAIS-R subtests. F-to-remove and tolerance 
(limit: .001)

* Variable removed after stepwise procedure



est percentage was found for Down syndrome (88%), the lowest for
Williams syndrome (58%)

Discussion

The study of genetic syndromes with Intellectual Disability is relevant to
increase our understanding about the complex way in which genetic differ-
ences affect cognitive processes.

Our study aimed to explore what is specifically retarded in each genetic
syndrome, and to compare the profiles obtained from samples matched on
chronological and mental ages.

Overall, results supported the hypothesis that, in genetic syndromes, the
delay in cognitive functions is higher in attention-concentration and visuo-
spatial constructive skills (as in Block Design task) than in verbal skills, as it
is the case of Similarity and Comprehension tasks.

The genetic syndromes have different profiles, with a higher level for
Prader-Willi than for Down and Fragile-X. As reported by Porter & Colt-
heart (2005), the intra-profile disharmony is lower in Down syndrome and
higher in Williams syndrome, prevalently in “Performance” tasks.The high-
est variability was found in Fragile-X, thus confirming previous results re-
ported by Kau et al. (2000) and Cornish et al. (2004).

The reported prevalence of verbal skills in the profile of people with
Williams syndrome (e. g., Bellugi et al., 1994; Volterra et al., 1996; Mervis,
2003) was confirmed for receptive and semantic characteristics (Similari-
ties, Vocabulary, Comprehension), but similar levels of performance were
also found in the Williams sample for some visual-based tasks, such as Pic-
ture Completion and Object Assembly.

The expected highest performance in Trisomy 21 visuo-spatial skills (Ho-
dapp, 2004; Lanfranchi et al., 2004) was partially confirmed: Picture Comple-
tion and Object Assembly were the highest points of the profile, although we
found at the same level Similarities, that is a verbal task requiring receptive
language skills. This confirms that lexical aspects of language are less im-
paired in Down syndrome; while phonological and syntactic aspects (more
damaged according to Rondal, 2004) are not assessed by Wechsler subtests.

Deficits in sequential thinking found both in Prader-Willi and in Fragile-
X by Dykens et al. (1987) was confirmed in our sample only for the latter
syndrome: Picture Arrangement task, requiring sequential processing of in-
formation, was a point of strength for Prader-Willi cognitive profile.

Discriminant analysis allowed us to detect the best discriminating sub-
tests in the classification of syndromes based on cognitive points of strength
and weakness.

Object assembly was the subtest that best represented performances in
Prader-Willi syndrome; this is a task – similar to puzzles assembly – which
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requires an ability that is unusually high in this syndrome, and considered
as a common feature of the syndrome (Dykens et al. 2000).

Picture arrangement, that requires logical and sequential thinking, was
particularly low in Down and Fragile-X Syndromes.

Digit span, i.e. verbal immediate memory, positively characterized Prad-
er-Willi and Williams, and negatively Down and Fragile-X Syndromes.

Our results supported Detterman’s (1987, 2002) hypothesis that “intel-
lectual disability reflects the defective functioning of a complex system in
which some competencies may be disrupted more than others” (Vicari et
al., 1996, p. 503).

To answer the question of “what discriminates better among syn-
dromes”, we need to refer to some modularity of mind in the field of dis-
ability (e.g., “category-specific deficits”: Santos & Caramazza, 2002), al-
though it is not possible to assume that modules related to specific abilities
start out either intact or impaired (Paterson, Brown, Gsödl, Johnson, &
Karmiloff-Smith 1999). A mild and non massive modular perspective may
be useful in order to explain differences in genetic syndromes, and to ana-
lyze in detail which abilities are expected to be impaired, thus obtaining a
relevant information for planning early and specific rehabilitation inter-
ventions.
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