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ABSTRACT: The purpose of this review was to understand the types of memory impairments that are associ-
ated with intellectual disability (ID, formerly called mental retardation) and the implications of these impair-
ments for reading development. Specifically, studies on working memory, delayed memory and learning, and
semantic/conceptual memory in Down syndrome, Williams syndrome, and fragile X syndrome were examined.
A distinct memory profile emerged for each of the 3 etiologies of ID. Memory profiles are discussed in relation
to strengths and weaknesses in reading skills in these three etiologies. We suggest that reading instruction be
designed to capitalize on relatively stronger memory skills while providing extra support for especially
challenging aspects of reading.

(J Dev Behav Pediatr 32:405–417, 2011) Index terms: memory, reading, intellectual disability, Down syndrome, Williams syndrome, fragile X syndrome.

Memory is one of the most important aspects of
cognition affected by intellectual disability (ID, formerly
called mental retardation). It is important not only be-
cause of its role in everyday activity but also because of
its role in the development of higher-level cognitive and
academic functions, such as reasoning, mathematic com-
putation, and reading. Although debate continues on
whether memory is multifactorial or unitary, there is a
wide variety of memory measures that reflect different
sets of memory processes (e.g., storage, retrieval, updat-
ing, rehearsal, and activation). In ID, various memory
processes may be differentially impaired, especially
across specific etiology groups. Further, various memory
processes are differentially important to reading devel-
opment at different stages. The purpose of this article is
to review the research on memory in ID in relation to the
known involvement of memory in reading development,
and to consider how and when children with ID may
experience the greatest difficulties with reading. As
memory profiles differ by etiology, relative strengths and
weaknesses in reading may differ by etiology as well;
thus, in this article, we focus on 3 etiologies of ID—
Down syndrome (DS), Williams syndrome (WS), and
fragile X syndrome (FXS).

MEMORY: MULTIFACTORIAL OR UNITARY?
Perhaps, the best known model of human memory is

the Atkinson-Shiffrin1,2 information processing model, a
multifactorial model. This model, introduced in 1968,

emphasized separate memory stores, differentiated in
terms of how long each held information. These were
sensory memory (SM), short-term memory (STM), and
long-term memory (LTM). According to the model, these
stores work together as an information processing sys-
tem. Information from the environment flows into the
system to be encoded first into SM for analysis of sensory
properties. From there, attended information is for-
warded to STM. In STM, a small amount of information
can be held temporarily and then selected information
can be relayed to LTM for more permanent storage. STM
and LTM work together to retrieve information from
LTM when needed. Although not the first multifactorial
model of human memory, Atkinson and Shiffrin’s has
been highly influential, both in promoting the general
concept of a multipart memory system and in delineating
a distinction between STM and LTM.

In the Atkinson-Shiffrin model, STM is very limited
both in time (i.e., less than a minute) and in capacity
(holding only �7�2 items at a time),3 although these
limitations can be stretched by using chunking and re-
hearsal strategies. Information held in STM may be coded
in terms of its verbal or visuospatial features.4,5 In con-
trast to STM, LTM can hold vast quantities of information
over long periods of time, possibly indefinitely. Some of
this information is experiential or episodic and can be
verbal or visuospatial (e.g., a scene or a conversation that
one has experienced). Other information in LTM is con-
ceptual or semantic (e.g., word meanings or complex
ideas that one has learned or acquired over time). LTM is
conceptualized as an extensive network of connections
among bits of stored information. Within this network,
there are large and small structures or sets of connec-
tions that allow a person to retrieve sets of related
information together.
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In addition to STM and LTM, working memory (WM)
is an important construct to multifactorial memory mod-
els. WM is the part of the memory system that holds and
actively processes information.6,7 This includes compar-
ing, judging, computing, relating, finding, or otherwise
managing information. A well-known model of WM is
Baddeley’s multicomponent model of WM,7–9 which in-
cludes a central executive component that guides the
system and 3 subsidiary components that have special-
ized roles. The phonological loop and visuospatial
sketchpad are specialized for processing phonological/
verbal and visuospatial information, respectively, and
the episodic buffer binds phonological and visuospatial
information into a single episodic representation.10 Al-
though there is some evidence that STM and WM are
distinct memory constructs,11 growing evidence sug-
gests that traditional STM and WM tasks draw from the
same set of underlying processes12–15 and do not repre-
sent separate memory constructs.

Several recent memory models have challenged the
multifactorial standard, reinterpreting well-known em-
pirical findings without the need for separate memory
components.16–21 For example, Cowan’s17 embedded
processing model suggests that what is referred to as
WM is simply the part of memory that is currently acti-
vated. The most highly activated information is in the
focus of attention, which is limited in capacity and can
only accommodate a small amount of information. Thus,
it is the limitation of the focus of attention rather than a
particular memory store that results in limited immediate
memory performance. Nairne’s20 feature model suggests
that to remember, we activate a set of cues from previ-
ous processing records to reconstruct the earlier expe-
rience or information. Following a choice rule, the cues
are used to select candidate information that is stored in
memory. It matters little how recently the information
being retrieved was encountered (i.e., “short-term” or
“long-term”). What is important is how well the set of
cues uniquely corresponds to the earlier experience or
information. Memory limitations arise because new in-
formation constantly overwrites (or interferes with) sim-
ilar aspects of earlier information, making the unique
matching of retrieval cues with memory records more
difficult. In our analysis of strengths and weaknesses in
memory associated with reading skills in children with
ID, we do not assume that memory is multifactorial or
that it is unitary. We organize the empirical findings in
terms of related memory skills.

In the following section, we discuss the memory skills
that are known to be related to early reading skills. Later
in this article, we ask whether these memory skills are
relative strengths or weaknesses in DS, WS, and FXS, and
how reading development might be affected by memory
profiles associated with these 3 syndromes.

READING AND ITS RELATION TO MEMORY
The ultimate goal of reading is comprehension of

print, which involves forming a meaningful mental rep-

resentation of text.22,23 Successful reading comprehen-
sion depends on the development and integration of a
wide variety of skills that allow the reader to accurately
identify each word, access the meaning of the words,
process combinations of words as they occur in phrases
and sentences, and use background knowledge and con-
text to interpret the sentences.

The Simple View of Reading
To understand the most basic component processes

of reading, Gough and Tunmer24 proposed the Simple
View of reading, a model that is widely accepted by
reading researchers.25–27 According to the Simple View,
reading comprehension has 2 main components—word
recognition and language comprehension. Word recog-
nition refers to word-level reading by recognizing whole
or parts of words or by sounding out; language compre-
hension refers to understanding the meaning of words,
phrases, sentences, and longer communications. With-
out word recognition, one would not be able to read the
words on the page, and without language comprehen-
sion, one would not be able to understand their mean-
ing. Thus, a combination of the 2 skills is necessary to
achieve reading comprehension.

According to the Simple View, the relative impor-
tance of word recognition and language comprehension
to skilled reading behavior changes with develop-
ment.28–30 Early in reading development, word recogni-
tion is more important than language comprehension
because the primary goal is to accurately identify words.
As reading skills develop and words are read more rap-
idly, language comprehension becomes the more impor-
tant component. Memory is important in the Simple
View of reading because it is required to succeed both in
word recognition and comprehension, as well as in in-
tegrating these 2 skills to produce reading comprehen-
sion.

Word Recognition
Early in the acquisition of word recognition skills,

children learn the visual patterns of common words to
which they have repeated exposure (e.g., stop, exit, and
cat).31 Without using an alphabetic code, they begin to
recognize certain words by their visual features. Ehri31

has called this the prealphabetic phase of reading and
this is related to visual memory. For example, Stuart et
al32 found that among prealphabetic 5 year olds, imme-
diate and 10-second delayed visual memory correlated
strongly with sight word learning; however, among 5
year olds with some alphabetic skills, there was no
correlation. Thus, visual memory may be particularly
important to word recognition before children know
letter-sound associations. In addition to visual memory,
associative learning is important to word recognition in
early reading development. Nilsen and Bourassa33 found
that for children who had alphabetic knowledge but
could not yet read alphabetically, the ability to learn
associations between black-and-white designs and spo-
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ken nonwords was very closely related to the rate of
learning new reading words.

Eventually, children learn to read new unfamiliar
words by matching letters with sounds in sequence or
sounding out.34,35 Alphabetic, or phonological, reading
requires an awareness that words are made up of pho-
nological segments such as syllables and phonemes. It
also requires adequate memory to hold each sound tem-
porarily while decoding the entire word. Strattman and
Hodson36 found that phonological awareness and verbal
WM both contributed uniquely to nonword reading in
second graders, after the influence of nonverbal ability
was removed.

As children gain experience in reading words, they
begin to associate common letter combinations (or or-
thographic features) with more complex phonological
mappings. They no longer have to rely as heavily on
phonological decoding; instead, they can quickly read
words using their orthographic features.31,37 As readers
become more skilled, they build up their orthographic
knowledge and are able to access and name more and
more words very quickly. Phonological awareness and
associative learning are still important in supporting
word reading,38 as is verbal WM.11 Windfuhr and Snowl-
ing38 found that for children aged 7 to 11 years, in
addition to phonological awareness, the ability to learn
associations between abstract shapes and spoken non-
words contributed significantly to both word and non-
word reading after age and IQ were controlled. Kail and
Hall11 found that for children aged 8 to 13 years, a verbal
WM composite was significantly related to word recog-
nition, with measures of simultaneous processing and
storage more closely related than measures of immediate
memory. Rapid automatic naming (e.g., of letters, digits,
colors, or objects), believed to reflect speed of retrieval
of phonological information from memory, is also re-
lated to word reading, especially the pause time be-
tween names.39–42 Although the exact reason for this
relation is under debate, one possibility is that rapid
naming speed reflects the strength of association be-
tween visual and phonological forms, which is impor-
tant to word reading.

Reading Comprehension
As children become skilled at word recognition, they

begin to focus more on comprehension in reading. Read-
ing comprehension requires building and maintaining a
mental representation of the text while concurrently
decoding additional words of the text.22–23 Research
suggests that strength in reading comprehension is re-
lated to WM, particularly verbal WM.12,43–48 One possi-
ble reason for this link is that good WM skills allow one
to suppress irrelevant information from being processed,
while allowing relevant information to be processed.
The ability to suppress irrelevant information may help
in the building of a mental representation that is coher-
ent.49–53 In addition to WM, semantic or conceptual
memory aids reading comprehension. This is the repos-

itory of knowledge that is needed for the interpretation
and disambiguation of text.22,23 Many studies have shown
that especially for expository text, prior knowledge related
to the text enhances text comprehension.54–56 This is pre-
sumably because prior knowledge allows for generation of
accurate inferences.57,58 Thus, the quality and quantity of
information in semantic memory—and its accessibility—is
important to reading comprehension.

In sum, word recognition is typically supported by
visual memory (in the prealphabetic phase), associative
learning, verbal WM, and rapid phonological retrieval.
Reading comprehension is typically supported by verbal
WM and semantic/conceptual knowledge. Next, we
consider the memory profiles associated with DS, WS,
and FXS to determine whether there are clear
strengths or weaknesses in these aspects of memory.
Also, for each syndrome, we discuss implications for
reading development.

ID, MEMORY, AND READING: 3 SYNDROMES
Although memory difficulties are common to all indi-

viduals with ID, there are clear memory profiles associ-
ated with specific etiologies. In this section, we discuss
memory and reading profiles associated with DS, WS,
and FXS. The memory findings are organized into 3
sections—aspects of WM, delayed recall and learning,
and semantic/conceptual memory. Although we review
these aspects of memory broadly to characterize a mem-
ory profile for each of the syndromes, we are particularly
interested in the memory processes that are most impor-
tant to reading development (visual memory, associative
learning, verbal WM, rapid phonological retrieval, and
semantic/conceptual knowledge). Thus, toward the end
of each section, we summarize these aspects of the
memory profile and discuss how they relate to reading
skills. The most researched of the 3 etiologies is DS,
followed by WS, and then FXS. As we are concerned
with relative strengths and weaknesses, we include only
studies that benchmarked memory abilities in some way
to participants’ developmental level. Most commonly,
this has been done by comparing performance of the
target syndrome group with performance of a typically
developing group matched on a mental age or ability
measure (e.g., receptive vocabulary age, overall mental
age, and nonverbal raw score). As we are concerned
with reading development, our review focuses on
school-age children and adolescents. Finally, because we
are interested in how memory profiles relate to etiology,
we highlight cross-etiology comparisons to address the
issue of etiology specificity.

Down Syndrome
DS is the most common genetic syndrome resulting in

ID, occurring in 1 of 733 births.59 People with DS usually
have a triplication of chromosome 21 instead of the
usual 2. Common physical symptoms include short stat-
ure, hearing impairment, congenital heart disease, and
distinct craniofacial features.60 Among the craniofacial
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features are epicanthal folds, flat nasal bridge, and small
jaw and oral cavity.61–66 The degree of cognitive impair-
ment associated with DS ranges from mild to severe,
although moderate impairment is most common. Lan-
guage production and grammar comprehension are typ-
ically extremely limited as is immediate verbal memory,
and visual skills are relatively stronger. Brain regions that
are affected in DS include the medial temporal lobe
(including the hippocampus), the frontal cortex, and the
cerebellum.67–70

Aspects of Working Memory
Several reviews have already established very clearly

that young people with DS are poor in tasks measuring
immediate memory for verbal material (e.g., digits and
words) relative to typically developing children of simi-
lar developmental level.71–76 Most commonly, DS and
typically developing groups are matched on general cog-
nitive ability, nonverbal ability, or receptive vocabulary,
avoiding those language areas that are severely impaired
in DS, such as syntax and expressive language. This
pattern is also usually present for nonword repeti-
tion77–80 and sentence repetition.77,81 As these reviews
note, poor performance on these tasks is not attributable
to hearing or speech articulation difficulties that often
co-occur with DS.82–85 Further, this impairment is clearly
etiology specific. Participants with DS perform more
poorly on immediate verbal memory tasks when com-
pared with mixed-etiology ID controls83,84,86–90 or con-
trols with other specific etiologies.77,90–92 One excep-
tion is FXS, in which performance can be just as poor as
in DS.80,93–95 Researchers have examined possible under-
lying problems in rehearsal,81,87,96–99 phonological sensi-
tivity,99–101 and linguistic support,100,101 but none of
these has fully explained poor immediate verbal memory
performance of individuals with DS.71

Strikingly, immediate memory is much better in the
visuospatial domain than the verbal domain in DS and is
usually consistent with developmental level.75 This is true
for the classic Corsi block task, which measures memory
for spatial sequences,82–84,102–107 and for a variety of other
immediate visuospatial memory tasks.93,102,108 Researchers
making etiology group comparisons have found that par-
ticipants with DS perform similarly to or better than par-
ticipants with ID, WS, and FXS.89–92,95,106 One exception is
that participants with DS seem to perform below their
developmental level (although similar to participants
with WS or FXS) on immediate recall of spatial locations
simultaneously presented, at least when matched on
receptive vocabulary.80,93,103 These tasks require partic-
ipants to look at an array of objects or squares for 5 to 10
seconds and then point to where in the display each
object or square had appeared.

In addition to having problems with verbal immediate
memory, young people with DS have problems on tasks
requiring simultaneous processing and storage, such as
backward digit span and backward word span.80,104,106

These tasks require keeping some information in mem-
ory while manipulating other information. In addition,

Lanfranchi et al104 found that when matched on logical
operations, participants with DS performed more poorly
than controls on 2 other tasks that require simultaneous
processing and storage—a selective word recall task
(remember the first word of each list) and a dual request
word recall task (remember the first word of each list
and tap when a target word occurs). These researchers
showed that as the control component of the task in-
creased, so did the magnitude of the group difference.
Participants with DS may perform below IQ-matched
participants with general ID,106 but their difficulty in
simultaneous processing and storage is not as extreme as
those with FXS.80,95 A similar degree of impairment in
simultaneous processing and storage is present in DS in
the visuospatial and verbal domains.103–107

Delayed Memory and Learning
Young people with DS also have very clear and con-

sistently documented difficulties on delayed memory
and learning tasks, in both verbal and visuospatial do-
mains. Several studies showed that when asked to re-
member words they studied 10 to 15 minutes earlier,
participants with DS performed below their general cog-
nitive ability level.109–112 Other studies showed that
when given repeated exposure to learn word lists, young
participants with DS also performed below their general
cognitive ability level.105,109,110,112,113

In the visuospatial domain, the pattern is similar.
Compared to controls matched on general cognitive abil-
ity, young people with DS have significant difficulty with
delayed memory for abstract patterns,105,107,109,114 object
pictures,115 locations of abstract patterns and object pic-
tures,105,107 previously fragmented pictures,110–112 and grid
patterns.107 Visuospatial learning is below general cog-
nitive ability as well. Research has shown that young
people with DS have great difficulty learning to use
landmarks to navigate. a virtual water maze,105 learning
block location sequences,112 and learning to identify
object pictures.115 Although the available data on asso-
ciative learning suggest an impairment in DS,105,107,116

these data are based on a visual-spatial association task,
and the impairment could be linked to problems in
delayed visuospatial memory rather than associative
learning per se. There is little evidence yet to judge
whether difficulties in delayed memory and learning
seen in DS are etiology specific, but available data sug-
gest that this is a possibility.109–111,115 For example, 1
study showed that delayed verbal memory impairments
were present for participants with DS but not WS.110,111

Semantic/Conceptual Memory
In DS some aspects of semantic memory are particu-

larly poor, while others are relatively stronger. One way
of assessing semantic memory is to ask children to free
recall a story that was read or told to them earlier. This
measure reflects children’s ability to understand new
information, store it accurately, and recall it in an orga-
nized way. Children and adolescents with DS recall
fewer details than peers of the same receptive vocabu-
lary level,80 and they recall fewer gist units,117 proposi-
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tions,118 and informative units119 than peers of the same
general cognitive level. However, they seem to remem-
ber content words119 and novel words118 at a rate con-
sistent with their general cognitive level. The difficulty
in recalling meaningful units may be etiology specific,
because participants with DS have performed worse
than participants with ID when matched on general
cognitive ability level109 and marginally worse than par-
ticipants with FXS when matched on receptive vocabu-
lary level.80 It is difficult to say, however, whether these
results reflect memory problems above and beyond lan-
guage limitations; these studies did not control for group
differences in grammatical or expressive language skills.

To measure efficiency in accessing information in
semantic memory without the influence of language
comprehension, several researchers have used speeded
picture naming tasks or semantic fluency tasks. Speeded
picture naming tasks require accessing the meaning of
a picture, associating it with its name, and producing the
name. In 2 studies,120,121 participants with DS were as
fast at picture naming as controls matched on general
cognitive level, although in one of these studies, partic-
ipants with DS made more visual-semantic errors (e.g.,
producing the name of a visually similar item). The
picture naming findings are similar to findings on rapid
naming of digits and letters,120 which presumably de-
pend less on semantic memory and more on well-learned
visual-phonological associations.

In semantic fluency tasks, participants call out as
many category exemplars as possible in a designated
time period (e.g., 60 seconds). This task requires fast
access to semantically similar concepts in memory and
reflects the richness of one’s category knowledge. Most
studies showed that young people with DS produce as
many category exemplars in semantic fluency tasks as
their typically developing controls, whether matched on
general cognitive ability level90,105,122 or on receptive
vocabulary level.108,123 Thus, at this time, there is no
clear evidence of specific impairment in retrieval of
information from semantic memory.

Summary of DS Memory Profile
Children with DS have many severe memory limita-

tions. The memory profile in DS includes weaknesses
relative to developmental level in immediate verbal
memory, simultaneous processing and storage, delayed
memory and learning, and gist recall. It includes relative
strengths in immediate visuospatial memory and rapid
retrieval of semantic and phonological information. Crit-
ical for reading development, children with DS are poor
at verbal WM and use of semantic/conceptual knowl-
edge for story recall. They are relatively better at imme-
diate visual memory, retrieval of phonological informa-
tion, and retrieval of semantic/conceptual information.

Implications for Reading Development
Due to impairments in WM, delayed memory, and

learning, as well as in some aspects of semantic/concep-
tual memory, it might be expected that children with DS
would be poor in word recognition and in reading com-

prehension. Surprisingly, several studies have shown
that word recognition can be at or even above nonverbal
ability level or receptive vocabulary level in DS.124–129

This is surprising given that verbal WM and phonological
awareness130 are so poor in DS. Further, their ability to
phonologically recode (sound out) words is clearly not
to the level of their word recognition.128,131–133 Thus, it
is plausible that children with DS use their relatively
strong immediate visual memory and phonological re-
trieval skills to compensate for their weaknesses in ver-
bal WM and phonological awareness skills, as several
researchers have suggested.126,134–136 Two studies have
shown that when matched on reading level to typically
developing children, young people with DS perform simi-
larly on irregular word reading (which relies on visual-
orthographic skills) but more poorly on nonword reading
(which relies on phonological recoding skills).128,133 In
other words, visual-orthographic skills were consistent
with word recognition level, whereas phonological recod-
ing skills were comparatively weak.

As expected from the poor verbal WM and poor story
recall in DS, reading comprehension is extremely poor.
When matched with typically developing children or
slow readers who are reading at the same level, children
with DS perform more poorly in reading comprehen-
sion133,137 and make less progress over time.138 A recent
eye-tracking pilot study137 suggested that compared with
controls, children with DS may tend toward more regres-
sive saccades (backward eye movements) relative to
forward saccades during text reading, indicating more
difficulty with sentence processing. These participants
needed to read complex sentences 2 times before show-
ing the usual “wrap-up” effect (long fixation on the last
word of a sentence), which was shown by typically
developing readings after a single reading.

Williams Syndrome
WS is caused by a microdeletion on the long arm of

chromosome 7 affecting �20 genes. Although the liter-
ature often cites 1 in 20,000 as the prevalence of WS, a
recent population-based study suggests 1 in 7,500.139

Characteristic features of WS include facial dysmorphol-
ogy (wide mouth, upturned nose, and puffy eyes), heart
and blood vessel abnormalities, and mild to moderate
ID.140 Also, WS is associated with severe difficulty with
visuospatial processing, overly friendly personal style,
and interest in music.141–143 On the surface, people with
WS seem to have good language skills due to their ver-
bosity. However, language is generally in line with non-
verbal ability, with relative strength in concrete vocab-
ulary and relative weakness in abstract vocabulary and
spatial language.144,145 Brain regions affected in WS in-
clude the midbrain, thalamus and basal ganglia, occipital
lobe and temporal lobe.146

Aspects of Working Memory
Although in DS immediate memory is much worse in

the verbal than the visuospatial domain, the reverse is
true for WS. Immediate verbal memory is generally sim-
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ilar or only slightly worse than what would be expected
based on developmental level. This is true whether
matched on receptive vocabulary,147–149 nonverbal abil-
ity,150–153 general mental age,77,90 or when compared
with one’s own general ability level.154,155 In addition,
youth with WS perform similarly to ID controls91,113,147

except for those with DS, whom they outper-
form.77,90,92,112,156 Furthermore, phonological similarity,
word length, frequency, lexicality, concreteness, pri-
macy, and recency have the same effects on immediate
verbal memory in young people with WS as in typically
developing peers or peers who have ID.147,152,157,158 In
contrast, young people with WS perform much more
poorly than typically developing children on visuospatial
memory tasks such as the Corsi span task, whether
matched on receptive vocabulary, nonverbal ability, or
general mental age.91,150,153,159–163 However, this impair-
ment seems to be related primarily to spatial as opposed
to visual memory.161,162,164 It is not accounted for en-
tirely by general difficulty in visual perception or spatial
ability that are characteristic of WS162,165 and seems to be
etiology specific.91,156,159,162

Very few studies have examined simultaneous pro-
cessing and storage in relation to developmental level in
WS. However, a pattern of poor performance on spatial
tasks of this type and relatively better performance on
verbal tasks of this type is beginning to emerge. In 1
study,160 researchers gave participants with WS and their
general mental age controls a radial arm maze task that
involved keeping a running mental record of which arms
had been visited, while visiting others. On this visuospa-
tial processing and storage task, participants with WS
were slower and made more errors. Similar impairments
were reported for a computer-presented spatial keeping-
track task163 and a backward Corsi task153 relative to
controls matched on general mental age and nonverbal
ability, respectively. In contrast to the visuospatial do-
main, simultaneous processing and storage in the verbal
domain seems less impaired. On reverse digit recall
tasks, participants with WS scored consistently with
their own general cognitive ability,155 similarly to typi-
cally developing controls matched on grammatical un-
derstanding,166 and nonsignificantly higher than partici-
pants with DS matched on age and IQ.156 A recent study
using a slightly older sample (mean chronological age �
19–11) showed reverse digit recall performance below
that of typically developing participants matched on
nonverbal mental age.153

Delayed Memory and Learning
Unlike immediate memory, youth with WS are poor in

delayed memory and learning in both verbal and visu-
ospatial domains. When compared with typically devel-
oping controls at the same receptive vocabulary level or
to their own general cognitive ability level, young peo-
ple with WS perform more poorly on word list or name
learning tasks.114,150,167 Two studies using these tasks
also tested recall of learned words after 10 or 15 minute
delay, one finding that participants with WS performed

more poorly than TD participants150 and the other find-
ing that participants with WS performed similarly to TD
participants.167 Possibly, participants with WS did better
in the latter study because they had picture supports
during the learning trials,167 discrepancy has to do with
different matching procedures. In addition to word list
learning, young people with WS also perform poorly
relative to their own general cognitive level on auditory-
visual associative learning and on delayed retention of
learned associations.155 Difficulty in delayed memory
may not extend to recognition tasks, however,114,167 and
when engaging in rehearsal, youth with WS show the
expected recall advantage for early list items (primacy
effect), which can be considered an instance of delayed
verbal memory.150,157 Even so, their performance on
early list items is lower than would be expected based
on their receptive vocabulary level.150,157

In the visuospatial domain, youth with WS also have
clear difficulties on delayed memory and learning tasks. For
example, in one study,150 children and adolescents with
WS performed below receptive vocabulary-level controls in
drawing abstract figures from memory after a 10-minute
delay, even when their memory scores were corrected for
their ability to draw figures initially. Similar to immediate
recall, the difficulty seems to be in the spatial rather than
visual aspects of the tasks. Most studies show that young
people with WS have no particular difficulty with delayed
picture recognition.110,111,114,155,163,167 Also, in a study di-
rectly contrasting learning of objects versus object loca-
tions, participants with WS performed similarly to devel-
opmental controls on the objects but more poorly on the
locations.115 Unlike immediate spatial memory, how-
ever, the difficulty with delayed spatial memory may be
accounted for by more basic impairment in spatial pro-
cessing. On a delayed visuospatial recall task, partici-
pants with WS performed below controls when matched
on vocabulary level, but similarly when matched on
spatial reasoning ability.114 Thus, children with WS have
difficulty with delayed spatial memory, but the impair-
ment may not be in memory per se. This pattern of
difficulty on delayed spatial memory tasks and the link to
problems in spatial processing in general appear specific
to WS. Participants with DS did not show the same
pattern.114,115

Semantic/Conceptual Memory
In spontaneous language and on fluency tasks, indi-

viduals with WS reportedly tend to use unusual vocabu-
lary words. This observation has led researchers to ex-
amine storage, organization, and access to semantic
representations in memory in WS. Studies measuring
speeded naming of pictures (or objects) suggest some
difficulty in access to semantic representations for young
people with WS relative to their developmental level.
Compared with controls matched on general cognitive
ability, nonverbal ability, or receptive vocabulary, partic-
ipants with WS were slower168 or less accurate120,169,170

or both.171,172 In contrast, alphanumeric naming was
similar to that of controls in both speed and accu-

410 Memory and Reading in Intellectual Disability Journal of Developmental & Behavioral Pediatrics



racy.120,149 Thus, access to semantic representations in
memory seems affected more so than access to phono-
logical representations.

Access to semantic representations, however, seems
affected only for retrieval of the precise names of pic-
tures and not for retrieval of any of a number of possible
category exemplars. In semantic fluency tasks, youth
with WS show no difficulty at all relative to their devel-
opmental level. In several studies, young people with
WS generated as many category exemplars as typically
developing controls matched on general cognitive abil-
ity,90,122,170 nonverbal mental age,169,172 or receptive vo-
cabulary,173 as well as ID controls matched on age and
IQ.174,175 Temple et al170(p463) suggested that there is a
“looser criterion for target identification” in WS, and this
could explain the discrepancy between the speeded
naming findings and the semantic fluency findings.
Thomas et al171 suggested that the use of unusual vocab-
ulary words in spontaneous speech of individuals with
WS is best explained by extra-lexicon factors such as
desire for social engagement.

Despite speculations to the contrary, evidence sug-
gests that the organization of semantic memory in WS is
typical. Tyler et al176 examined relatedness of concepts
in semantic memory by measuring semantic priming
effects—the speed advantage in recognizing a word after
being “primed” by a semantically related versus an un-
related word. They found the same semantic priming
effects for functional relations and for category relations
in young people with WS that were reported in typical
same-age controls. Also, in speeded naming and fluency
tasks, the effects of frequency, semantic category, and
typicality seem to be similar in young people with WS as
in controls matched on general cognitive ability122 or
receptive vocabulary.171,174

Summary of WS Memory Profile
The memory profile for WS includes weaknesses in

immediate spatial recall, verbal and spatial delayed mem-
ory and learning, and semantic retrieval involving pre-
cise names. It includes relative strengths in immediate
verbal and visual recall, visual delayed memory and learn-
ing, and phonological retrieval. Most relevant to reading
are weaknesses in visual-auditory learning and semantic
retrieval as well as relative strengths in immediate recall
(both visual and verbal) and rapid phonological retrieval.

Implications for Reading Development
Despite impairments in spatial memory and associa-

tive learning, several relative strengths in the WS mem-
ory profile should facilitate reading development. Rela-
tive strength in visual memory should help children with
WS develop a prealphabetic sight vocabulary. Also, rel-
ative strength in verbal WM and phonological retrieval
could offset weakness in associative learning to facilitate
phonological recoding and word recognition. The very
small literature on reading skills of children with WS says
little about prealphabetic sight-word reading.177 How-
ever, most studies suggest that both word and nonword
reading are on par with nonverbal or general cognitive

level.178–180 Laing and coworkers compared youth with
WS to typically developing children of the same word
recognition level and found that although the WS group
was slower in learning contrived sight words (e.g., LTR
for letter), they were just as good at using phonetic
cues.106 Possibly, their difficulty learning the contrived
sight words was related to poor visual-auditory associa-
tive learning.155

It would be reasonable to predict relatively good
reading comprehension in WS based on relative
strengths in verbal WM and word recognition. Also,
despite some subtle impairments in semantic process-
ing, most aspects of semantic memory function at the
expected level. However, at least 3 studies have shown
that reading comprehension is far lower than word rec-
ognition.149,178,181 The weakness in reading comprehen-
sion may be due to those aspects of semantic memory
that are specifically impaired in WS. However, in 1 study,
listening comprehension was as good as word recogni-
tion and much better than reading comprehension.149

According to the Simple View of reading, good word
recognition and good language comprehension should
produce good reading comprehension. Thus, there may
be a factor such as attentional control26 or general pro-
cessing speed182 that contributes to poor reading compre-
hension in WS. Menghini et al153 showed that young peo-
ple with WS were worse than controls matched on
nonverbal mental age at tasks measuring attentional control
with visual materials, such as the trail making test. Further
research is needed to understand the underlying reasons
for unusually poor reading comprehension in WS.

Fragile X Syndrome
FXS is the most common known inherited form of ID,

occurring in �1 in 4000 males and 1 in 8000 fe-
males.183,184 It is caused by an expansion of the CGG
trinucleotide sequence of the FMR1 gene found on the X
chromosome. This expansion reduces the gene’s pro-
duction of the fragile X mental retardation protein
(FMRP) protein, which plays an important role in normal
brain functioning. Those who have a larger expansion (a
full mutation) are more severely affected than those with
a moderate expansion (a premutation). Furthermore,
females are less likely to be severely affected compared
with males because they have a second X chromosome
that is likely to be unaffected. Nearly all males with the
full mutation have moderate to severe ID, whereas only
30% to 50% of females with the full mutation have
intellectual or learning impairments. Physical symptoms
of males include a large head circumference in infancy,
long ears, a large lower jaw, and postpubertal testicular
enlargement.185,186 Brain areas known to be affected
include the cerebellar vermis and superior temporal
gyrus.187–189 FXS is strongly associated with executive
functioning impairments, mathematics difficulties, and
autistic-like behaviors.190–192 As most of the memory
literature on females with FXS focuses on those who do
not have ID, this article covers only males with FXS.
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Aspects of Working Memory
Very poor verbal immediate memory in males with

FXS is apparent on digit recall tasks80,93,193–195 and non-
word repetition tasks80 across a variety of matching
measures including receptive vocabulary, logical opera-
tions, general cognitive ability, and nonverbal ability
level. In addition, FMRP level correlates with digit
span.196,197 The weakness in verbal immediate memory
in males with FXS seems to be of similar magnitude as in
DS.80,93–95 However, unlike DS, there are also visuospa-
tial immediate memory impairments in FXS. Males with
FXS consistently perform below their developmental
level on visual93,195,198 and spatial80,93,193,194,198,199 imme-
diate memory tasks. This is true whether matched on
receptive vocabulary, logical operations, general cogni-
tive ability, or nonverbal ability level. Difficulties in visu-
ospatial immediate memory can be more severe in FXS
than in other etiologies of ID,80,94,95 although not every
study has shown this.93,200

Males with FXS also perform very poorly on tasks
measuring simultaneous processing and storage. This is
consistent with the well-known problems in executive
functioning. With only a few exceptions,195,199 males
with FXS perform worse than typically developing con-
trols80,193,195,198 and controls with DS80,95 of similar re-
ceptive vocabulary, logical operations, or nonverbal abil-
ity. This includes reverse digit recall, grouped digit/word
recall, and reverse Corsi tasks. Lanfranchi et al193 found
that the more cognitive control a task required, the more
clear the impairment was, regardless of whether the task
was verbal or visuospatial.

Delayed Memory and Learning
Some aspects of delayed memory and learning also

seem problematic relative to developmental level in FXS.
For example, Kogan et al201 found that boys with FXS
performed below typically developing controls matched
on receptive vocabulary at basic object discrimination
learning and generally lower than controls with DS.
Other research suggests that males with FXS perform at
their receptive vocabulary or nonverbal ability level in
recall and recognition of objects93,198 and similarly to
matched males with DS,95 although they might be at a
disadvantage when not expecting a test.93 None of these
studies addressed delayed memory or learning of verbal
material. However, one study showed particularly poor
performance on visual-auditory learning.199 In this study,
boys with FXS made significantly more errors in imme-
diate and delayed recall after practicing associations be-
tween rebus symbols and word names than typical chil-
dren of the same nonverbal age.

Semantic/Conceptual Memory
There is very little research on semantic memory in

individuals with FXS. However, one study showed males
with FXS performed below receptive vocabulary level
controls in story retelling.80

Summary of FXS Memory Profile
Males with FXS have severe impairments in most

aspects of WM, in both the verbal and visuospatial do-

mains. They are also poor at learning tasks and story
retelling. All of these are important for reading develop-
ment. Delayed memory may not be quite as severely
affected in boys with FXS. Little is known about rapid
phonological retrieval or semantic/conceptual memory
in boys with FXS; these are also very important to read-
ing development, and further research is needed.

Implications for Reading Development
For boys with FXS, impairments in visual and verbal

WM and in associative learning would predict great dif-
ficulty in prealphabetic sight-word reading as well as in
phonological recoding and word recognition. Unfortu-
nately, little research has been done on any of these
aspects of reading in this population. It is fairly clear that
word recognition skills are not as poor as arithmetic
skills,94,194,202 but this is probably due to exceptionally
poor arithmetic skills rather than especially good word
recognition skills. Buckley and Johnson-Glenberg203 re-
ported that young males with FXS did better on word
recognition than typically developing children matched
on nonverbal ability. However, this difference may be
inflated because 1 of 2 measures in the matching variable
was immediate memory. As immediate memory is se-
verely impaired in FXS, most other skills would be
higher, even word recognition. It also should be noted
that nothing is known yet about phonological retrieval in
FXS, and if this is relatively good, it could offset the
effect of WM impairments on word recognition. In a
separate article, Johnson-Glenberg reported that as ex-
pected based on the FXS memory profile, boys with FXS
were worse on nonword reading than expected for their
reading level.199 A recent large-sample parent survey
indicated that by 6 to 10 years old, �80% of boys with
FXS could recognize letters, �60% knew letter sounds,
and �60% could read words by sight.204 These percent-
ages were fairly stable through the over 20 years age
group, suggesting little progress through the adolescent
and young adult years, although these are not longitudi-
nal data.

There is almost no research at all on reading compre-
hension in boys with FXS. Although little is known about
semantic memory in FXS, based on severe impairments
in verbal WM, great difficulties in reading comprehen-
sion would be expected. The recent parent survey204

indicated that only �40% of boys in the age range 6 to 10
years could read basic picture books, and �20% could
read books that contained new words or concepts.
Again, these rates increased very little through adult-
hood. Clearly, more research is needed on reading skills
of boys with FXS.

CONCLUSION
Although memory difficulties are common in ID re-

gardless of etiology, the present review indicates that the
exact type and magnitude of difficulty varies with the
etiology of ID. Cross-etiology variability in memory diffi-
culties leads to somewhat different expectations and
outcomes for reading development. In DS, relatively
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good immediate visual memory and rapid phonological
retrieval presumably provide for relatively good word
recognition skills. However, very poor verbal WM skills
probably contribute to difficulties in phonological recod-
ing and reading comprehension. In WS, relatively good
visual and verbal WM and rapid phonological retrieval
may allow for relatively good word and nonword reading
skills. Reading comprehension is poor, however, and
this might be attributable to specific impairments in
semantic retrieval and/or a factor such as attentional
control. In FXS, severe impairments in visual and verbal
WM, learning, and story telling predict difficulty in word
recognition and reading comprehension. Little is known
about rapid phonological retrieval or semantic memory,
which might also affect these reading skills. Research on
reading skills in FXS has not yet produced firm findings.

The focus of this article is on memory and its relation
to reading in ID. However, language skills are also ex-
tremely important to reading development, and they also
may be differentially strong or weak in particular ID
syndromes. For example, in DS, poor phonological
awareness and receptive grammar probably contribute
to phonological recoding and reading comprehension
difficulties. WS and FXS also have distinct language pro-
files that probably contribute to strengths and weak-
nesses in reading. Research is needed to examine how
memory and language profiles work together to influ-
ence reading outcomes in youth with ID.

Although the present article focused on cross-syn-
drome variability, there are also obvious cross-syndrome
similarities in reading skills profiles. For example, in
both DS and WS, there is a pattern of relatively strong
word recognition and very weak reading comprehen-
sion. This pattern is similar, despite very different mem-
ory profiles and very different language profiles in the 2
syndromes. More research is needed to determine the
complex of memory, linguistic, and other factors that
create this particular pattern of reading skills.

Finally, it is important to remember that substantial
within-syndrome variability exists, and it would be a
mistake to assume that the same memory or reading
profile would apply to every individual in a syndrome
group. Instructional approaches should be tailored to
the individual, providing extra support in weak areas
and finding ways to capitalize on relative strengths. How-
ever, a basic understanding of the general patterns of
performance associated with genetic syndromes of ID
may provide a starting point for educational planning.

REFERENCES

1. Atkinson RC, Shiffrin RM. The control of short-term memory.
Sci Am. 1971;225:82–90.

2. Atkinson RC, Shiffrin RM. Human memory: a proposed system
and its control processes. In: Spence WK, Spence JT, eds. The
Psychology of Learning and Motivation: Advances in
Research and Theory. Vol 2. Oxford, England: Academic Press;
1968:89–195.

3. Miller GA. The magical number seven, plus or minus two:

some limits on our capacity for processing information. Psychol
Rev. 1956;63:81–97.

4. Conrad R. Acoustic confusions in immediate memory. Br J
Psychol. 1964;55:75–84.

5. Brooks LR. Spatial and verbal components of the act of recall.
Can J Exp Psychol. 1968;22:349–368.

6. Daneman M, Carpenter PA. Individual differences in working
memory and reading. J Verbal Learn Verbal Behav. 1980;19:
450–466.

7. Baddeley AD. Working Memory. Oxford, England: Oxford
University Press; 1986.

8. Baddeley AD. Working memory. Science. 1992;255:556–559.
9. Baddeley AD, Hitch G. Working Memory. In: Bower GH, ed.

The Psychology of Learning and Motivation. Vol 8. New York:
Academic Press; 1974:47–89.

10. Baddeley AD. The episodic buffer: a new component of
working memory? Trends Cogn Sci. 2000;4:417–423.

11. Kail R, Hall LK. Distinguishing short-term memory from
working memory. Mem Cognit. 2001;29:1–9.

12. Bayliss DM, Jarrold C, Baddeley AD, Gunn DM. The relationship
between short-term memory and working memory—complex
span made simple? Memory. 2005;13:414–421.

13. Colom R, Bebollo I, Abad FJ, Shih PC. Complex span tasks,
simple span tasks, and cognitive abilities: a reanalysis of key
studies. Mem Cognit. 2006;34:158–171.

14. Hutton UM, Towse JN. Short-term memory and working
memory as indices of children’s cognitive skills. Memory. 2001;
9:383–394.

15. Unsworth N, Engle RW. On the division of short-term and
working memory: an examination of simple and complex span
and their relation to higher order abilities. Psychol Bull. 2007;
133:1038–1066.

16. Brown GDA, Preece T, Hulme C. Oscillator-based memory for
serial order. Psychol Rev. 2000;107:127–181.

17. Cowan N. The magical number 4 in short-term memory: a
reconsideration of mental storage capacity. Behav Brain Sci.
2001;24:97–185.

18. Crowder RG. The demise of short-term memory. Acta Psychol.
1982;50:291–323.

19. MacDonald MC, Christianson MH. Reassessing Working
memory: comment on Just and Carpenter (1992) and Waters
and Caplan (1996). Psychol Rev. 2002;109:35–54.

20. Nairne JS. A feature model of immediate memory. Mem Cognit.
1990;18:251–269.

21. Nairne JS. Remembering over the short term: the case against
the standard model. Ann Rev Psychol. 2002;53:53–81.

22. Gersbacher MA. Language Comprehension as Structure
Building. Hillsdale, NJ: Erlbaum; 1990.

23. Kintsch W. Comprehension: A paradigm for Cognition. New
York: Cambridge University Press; 1998.

24. Gough PB, Tunmer WE. Decoding, reading, and reading
disability. Remed Spec Educ. 1986;7:6–10.

25. Byrne B, Fielding-Barnsley R. Evaluation of a program to teach
phonemic awareness to young children: a 2- and 3-year follow-
up and a new preschool trial. J Educ Psychol. 1995;87:488–
503.

26. Conners FA. Attentional control and the simple view of
reading. Read Writ. 2009;22:591–613.

27. Storch SA, Whitehurst GJ. Oral language and code-related
precursors to reading: evidence from a longitudinal structural
model. Dev Psychol. 2002;38:934–947.

28. Carver RP. Predicting reading level in grades 1 to 6 from
listening level and decoding level: testing theory relevant to the
simple view of reading. Read Writ. 1998;10:121–154.

29. Gough PB, Hoover WA, Peterson CL. 1996. Some observations
on a simple view of reading. In: Cornoldi C, Oakhill J, eds.
Reading Comprehension Difficulties: Processes and
Intervention. Mahwah, NJ: Lawrence Erlbaum Associates; 1996:
1–13.

Vol. 32, No. 5, June 2011 © 2011 Lippincott Williams & Wilkins 413



30. Vellutino FR, Tunmer WE, Jaccard JJ, et al. Components of
reading ability: multivariate evidence for a convergent skills
model of reading development. Sci Stud Read. 2007;11:3–32.

31. Ehri L. Reconceptualizing the development of sight word
reading and its relationship to recoding. In Gough P, Ehri L,
Treiman R, eds. Reading Acquisition. Hillsdale, NJ: Lawrence
Erlbaum Associates; 1992:107–143.

32. Stuart M, Masterson J, Dixon M. Spongelike acquisition of sight
vocabulary in beginning readers? J Res Read. 2000;23:12–27.

33. Nilsen E, Bourassa D. Word-learning performance in beginning
readers. Can J Exp Psychol. 2008;62:110–116.

34. Wagner RK, Torgesen JK. The nature of phonological
processing and its causal role in the acquisition of reading
skills. Psychol Bull. 1987;101:192–212.

35. Lonigan CJ, Anthony JL, Phillips BM, Purpura DJ, Wilson SB,
McQueen JD. The nature of preschool phonological processing
abilities and their relations to vocabulary, general cognitive
abilities, and print knowledge. J Educ Psychol. 2009;101:345–
358.

36. Strattman K, Hodson BW. Variables that influence decoding
and spelling in beginning readers. Child Lang Teach Ther.
2005;21:165–190.

37. LaBerge D, Samuels J. Toward a theory of automatic
information processing in reading. Cogn Psychol. 1974;6:293–
323.

38. Windfuhr KL, Snowling MJ. The relationship between paired
associate learning and phonological skills in normally
developing readers. J Exp Child Psychol. 2001;80:160–173.

39. Georgiou GK, Parrila R, Kirby JR, Stephenson K. Rapid naming
components and their relationship with phonological
awareness, orthographic knowledge, speed of processing, and
different reading outcomes. Sci Stud Read. 2008;12:325–350.

40. Neuhaus G, Foorman BR, Francis DJ, et al. Measures of
information processing in rapid automatized naming (RAN) and
their relation to reading. J Exp Child Psychol. 2001;78:359–
373.

41. Swanson HL, Trainin G, Necoechea DM, Hammill DD. Rapid
naming, phonological awareness, and reading: a meta-analysis
of the correlational evidence. Rev Educ Res. 2003;73:407–440.

42. Arnell KM, Joanisse MF, Klein RM, Busseri MA, Tannock R.
Decomposing the relation between rapid automatized naming
(RAN) and reading ability. Can J Exp Psychol. 2009;63:173–
184.

43. Cain K, Oakhill J, Bryant P. Children’s reading comprehension
ability: concurrent prediction by working memory, verbal
ability, and component skills. J Educ Psychol. 2004;96:31–42.

44. Nation K, Adams JW, Bowyer-Crane CA, Snowling MJ. Working
memory deficits in poor comprehenders reflect underlying
language impairments. J Exp Child Psychol. 1999;73:139–158.

45. Bayliss DM, Jarrold C, Baddeley AD, Gunn DM, Leigh E.
Mapping the developmental constraints on working memory
span performance. Dev Psychol. 2005;41:579–597.

46. Cain K, Oakhill J, Lemmon K. Individual differences in the
inference of word meanings from context: the influence of
reading comprehension, vocabulary knowledge, and memory
capacity. J Educ Psychol. 2004;96:671–681.

47. Daneman M, Merikle PM. Working memory and language
comprehension: a meta-analysis. Psychon Bull Rev.
1996;3:422–433.

48. Oakhill J, Cain K, Bryant PE. The dissociation of word reading
and text comprehension: evidence from component skills.
Lang Cogn Process. 2003;18:443–468.

49. Carretti B, Cornoldi C, De Beni R, Romanò M. Updating in
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