
Abstract We compared the reading-related skills of

children with Autism Spectrum Disorders who have

hyperlexia (ASD + HPL) with age-matched children

with ASD without HPL (ASD – HPL) and with single-

word reading-matched typically developing children

(TYP). Children with ASD + HPL performed (1)

better than did children with ASD – HPL on tasks of

single-word reading and pseudoword decoding and (2)

equivalently well compared to word-reading-matched

TYP children on all reading-related tasks except

reading comprehension. It appears that the general

underlying model of single-word reading is the same in

principle for ‘‘typical’’ and hyperlexic reading. Yet, the

study revealed some dissimilarities between these two

types of reading when more fine-grained cognitive and

linguistic abilities were considered; these dissimilarities

warrant further investigations.
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Introduction

Hyperlexia was first described in the literature in the

1960s, when a number of articles emerged presenting

children of average or above-average intelligence who

demonstrated exceptional word-reading ability above

that expected given their IQ, and at a higher level than

their ability to comprehend and integrate words

(Niensted, 1968, Silberberg & Silberberg, 1967; 1968).

In the case studies reported in these initial publica-

tions, the authors noted among children with hyper-

lexia (HPL) a preponderance of behaviors consistent

with infantile autism or a ‘‘neurological dysfunction’’

(Silberberg & Silberberg, 1968). In addition, the

researchers mentioned the early preschool-age acqui-

sition of single-word reading skills (Silberberg & Sil-

berberg, 1967). Since these initial reports, a growing

number of case descriptions and small-scale experi-

mental studies have confirmed the existence of this

condition and documented its consistently recurring

characteristics (Aram & Healy, 1988; Cobrinik, 1982;

Goldberg & Rothermel, 1984; Healy, Aram, Horwitz,

& Kessler, 1982; Huttenlocher & Huttenlocher, 1973).

In general, an agreement has arisen in both the

research and clinical fields that HPL is characterized by
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superior word-reading skills far above those of reading

comprehension, verbal functioning level, or general

cognitive functioning of an individual (Grigorenko,

Volkmar, & Klin, 2003; Nation, 1999; Pennington,

Johnson, & Welsch, 1987; Snowling & Frith, 1986).

There is a consensus that the phenomenon refers to an

imbalance in the ability to decode and sound out single

words (which is high) relative to the ability to com-

prehend those words in text (which is low) (Frith &

Snowling, 1983; Grigorenko et al., 2002). Many of the

studies in the literature continue to recognize the early

onset of these skills, which appear untutored (Aram &

Healy, 1988), the compulsive nature of the interest in

reading at the expense of other means of communica-

tion (Elliot & Needleman, 1976; Huttenlocher &

Huttenlocher, 1973; Mehegan & Dreifuss, 1972), and

the high degree of comorbidity between HPL and

Autism Spectrum Disorders (ASD) (e.g., Goldberg,

1987; Healy & Aram, 1986; Smith & Bryson, 1988;

Whitehouse & Harris, 1984).

Yet, there is a substantial amount of disagreement

on whether HPL as a condition is specific to individuals

with ASD, is generalizable to individuals with a variety

of conditions involving various degrees of mental

retardation (e.g., Temple & Carney, 1996), or is even

extendable to individuals with more typical (Nation,

1999) and even precocious (Pennington et al., 1987)

patterns of cognitive development. Another point of

disagreement is whether HPL should be defined as a

discrepancy with regard to level of general functioning,

level of reading comprehension, or as a double dis-

crepancy (Nation, 1999; Rispens & Berckelaer, 1991;

Snowling & Frith, 1986). Here, we adopt the definition

of HPL we have used elsewhere (Grigorenko et al.,

2002, 2003). Specifically, we view HPL as a discrepancy

between word-level decoding and comprehension. In

this interpretation, we regard HPL as an ASD-specific

phenomenon and try to preserve the uniqueness of the

term and the behaviors described by it.

Despite the lack of agreement in the field on the

definition of HPL, there is much interest in it and a

consensus that its understanding is important. First,

understanding HPL might enhance our understanding

of developmental trajectories and determinants of

prognosis in ASD. It has been argued that the excep-

tional word-reading skills of HPL might be a possible

marker for positive prognosis in ASD (Fisher, Burd, &

Kerbeshian, 1988). Fisher and colleagues (Fisher,

Burd, & Kerbeshian, 1988) conducted comprehensive

developmental evaluations of 59 children ages 2–18

and found that the presence of HPL was the strongest

predictor of IQ and expressive language. In addition, in

a follow-up of the four individuals from this initial

evaluation who presented with HPL, it was reported

that, when tested between 6 and 20 years later, par-

ticipants demonstrated significant improvement in

cognition, language, and social relatedness, including

IQ scores that increased from a mean of 43 to a mean

of 94.7 (Burd, Fisher, Knowlton, & Kerbeshian, 1987).

Additionally, the semantic deficits observed in

hyperlexic reading appear to mirror the deficits ob-

served in the oral language of children with ASD (Frith

& Snowling, 1983). However, hyperlexic children

demonstrate such an interest and strength in reading

that the possibility emerges of taking advantage of this

interest to provide interventions to strengthen the

semantic skills that are lacking in both the oral and

written language domains. A better understanding of

HPL may provide insight into interventions aimed at

improving the language skills of children with ASD.

Third, studies of high-functioning individuals with

autism and Asperger’s disorder have found a general

pattern of stronger word-reading skills in the presence

of deficits in language comprehension and abstract

reasoning (Minshew, Goldstein, Taylor, & Siegel, 1994;

Szatmari, Tuff, Finlayson, & Bartolucci, 1990). So, the

question then is whether HPL is really a distinct phe-

nomenon determining a subtype of ASD across the

distribution of IQ within the autism spectrum or,

rather, a characteristic profile of those individuals on

the spectrum whose IQ falls within a particular,

average or above-average range.

Finally, the study of HPL has the potential to inform

the field of reading in general. Whereas in typically

developing children, single-word reading and reading

comprehension are highly correlated with each other

(Grigorenko, 2001; Perfetti, 1994), there is also evi-

dence of disassociation of these processes (e.g., Leach,

Scarborough, & Rescorla, 1993; Oakhill, 1994; Oakhill,

Cain, & Bryant, 2003). In children with HPL, a dis-

connection between word reading and reading com-

prehension has been demonstrated in numerous

studies. In addition to differences noted on standard-

ized test scores, studies have found that, in comparison

with matched controls, increasing the level of difficulty

in reading passages and even randomizing word order

does not result in equivalent reductions in reading

speed for children with HPL (O’Connor & Hermelin,

1994). Understanding this modularity in reading skills,

why this disconnect exists, and how it emerges is

important both for verification of our general models

of reading and for providing insight into the relatively

new field of reading comprehension disorder, in which

the connections between specific oral and written

language difficulties are being discovered (Nation,

Clarke, Marshall, & Durand, 2004). Thus, as a result of
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the dissociations in their cognitive profiles, children

with ASD + HPL provide a unique opportunity to

understand reading comprehension difficulties that

appear to be independent of single-word reading skills.

Although many authors have begun to describe the

skills evidenced in children with HPL and even to test

theories regarding the nature of this exceptional skill,

the low incidence rate of HPL has previously pre-

vented any firm conclusions from being drawn about

the specifics of the hyperlexic reading profile and its

foundation. In studying the phenomenon of HPL,

researchers are examining an isolated skill that occurs

in a small percentage (an estimated 5–10%, e.g., Burd

& Kerbeshian, 1985) of a population of individuals

with autism (an estimated prevalence of 10 in 10,000,

Fombonne, 2003). In addition, limited developmental

evidence suggests that the early (usually before age 5)

manifestation of a remarkable level of word-reading

skill ‘‘evens out’’ by age 10, so that children with HPL

do not read better or more than their peers with ASD

(Goldberg, 1987). Thus, researchers in the field have to

work with a very small group of children within a small

developmental window, which results in a body of lit-

erature filled with case studies and small sample stud-

ies. It is therefore all the more striking that the

descriptions of these individuals are remarkably con-

sistent. However, questions still remain regarding the

relationship between the cognitive and linguistic skills

that underlie hyperlexic reading and the strengths and

weaknesses of the different reading component skills in

comparison with those of children with ASD and typ-

ically developing children.

Although our understanding of typical word reading

and the decoding abilities of typically developing

young readers and individuals with dyslexia has

developed considerably in the past two decades (Gri-

gorenko, 2001; Pugh et al., 2001; Shaywitz et al., 2004;

Vellutino, Fletcher, Snowling, & Scanlon, 2004; Wolf

& Bowers, 1999), there continues to be uncertainty as

to how and why children with HPL acquire exceptional

word-reading skills in the absence of matching reading

comprehension skills. The specifics of the reading

process in individuals with HPL are of particular

interest. The main question here is whether word

reading exhibited by individuals with HPL develops in

the same way as ‘‘typical’’ reading taken to a level of

expertise through practice, or whether hyperlexic

children employ different componential skills to iden-

tify single words. Here, we contextualize our work in a

so-called connectionist model of single-word reading

(for a review, see Harm & Seidenberg, 2004) that

employs a three-way representation of the word, spe-

cifically at the levels of phonolological, orthographical,

and semantic processing. According to this model,

single-word reading might occur through different

routes, depending on the stage of maturity of the

reading skill (e.g., beginning or advanced reading) and

the level of functioning (e.g., typically maturing or

challenged with a disorder).

A number of models of hyperlexic reading have

been proposed. For example, Cobrinik (1982) assumed

that hyperlexic reading is exclusively visual and used

this assumption in an experimental study. Specifically,

a series of degraded 7- to 9-letter familiar words was

presented to 9 boys with HPL and 10 typically devel-

oping participants. The groups were age-matched, but

the children with HPL showed significantly lower lev-

els of IQ and Wide Range Achievement Test Word

Recognition (Jastak & Jastak, 1965) scores than did the

control subjects. Results indicated that boys with HPL

deciphered the incomplete words significantly faster

and more accurately than did the controls, suggesting

that word recognition in HPL is based primarily on

pattern recognition. Subsequently, however, Goldberg

and Rothermel (1984) showed that hyperlexic word

reading is also based on orthographic patterning. Spe-

cifically, they created a battery of words whose pre-

sentation was visually deviant by using a number of

modifications—case, orientation, linearity, spacing, and

the addition of irrelevant symbols. Only the irrelevant

symbols affected the reading speed in children with

HPL; otherwise, word identification remained rather

intact. Similarly, there are case descriptions pointing to

the efficient functioning of the orthographic system in

individuals with HPL (e.g., Glosser, Friedman, &

Roeltgen, 1996; Glosser, Grugan, & Friedman, 1997;

Seymour & Evans, 1992). Thus, it appears that hyper-

lexic reading is not exclusively based on visual memory

and involves, at least to some degree, some symbol

mapping and decoding.

Another line of evidence suggesting the similarity

between typical and hyperlexic reading is that indi-

viduals with HPL rely on phonemic processing while

identifying single words. Just as typical readers do,

individuals with HPL make fewer errors in regular

than in exceptional words (Aram & Healy, 1988;

Aram, Rose, & Horwitz, 1984; Goldberg & Rothermel,

1984). However, there is contradictory evidence in the

literature with regard to hyperlexic reading of non-

words; this literature, in general, points out the pres-

ence of variability in decoding nonwords among

individuals with HPL (e.g., Aram & Healy, 1988).

There is also some evidence that children with HPL

have difficulty with specific tasks focused on phonemic

awareness, particularly rhyme tasks (Sparks, 1995,

2001); however, this study and another case study have
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noted that children with HPL performed at ceiling

when asked to delete an initial sound from a word, a

phonological awareness task found to be more difficult

by typically developing children (Seymour & Evans,

1992; Sparks, 1995). Clearly, children with HPL rely on

phonological and orthographic skills to read, but the

relative strengths and weaknesses of these skills are

still unclear.

The present study was designed to investigate dif-

ferences in performance on reading and reading-

related tasks in children with ASD and HPL

(ASD + HPL) and two comparison groups: (1) age and

gender group-matched ASD children without HPL

(ASD – HPL); and (2) gender and single-word reading

level group-matched typically developing children

(TYP). The selection of the groups of participants and

the domains of assessment were driven by our defini-

tion of HPL (see above) and the model of single-word

reading (described above) we adopted. In this context,

the specific aims of this research were to

1. Confirm, in a carefully matched sample, that

hyperlexia is characterized by strong single-word

reading with respect to reading comprehension.

Specifically, it was expected that the standard

scores of children in the ASD + HPL group would

have (1) single-word reading skills equivalent to

TYP children and greater than their ASD – HPL

peers; and (2) reading comprehension scores lower

than TYP children and equal to their ASD – HPL

peers.

2. Confirm that strong decoding and weaker visual

memory skills contribute to the differential per-

formance on single-word recognition skills seen

between children with ASD + HPL and their

ASD – HPL and TYP peers. It was expected that

(a) HPL decoding skills as measured by a

pseudoword decoding test would be equivalent to

TYP children and greater than those of ASD –

HPL children; and that (b) visual memory skills of

the ASD + HPL children would be equivalent to

those of TYP children and to those of their ASD –

HPL peers, based on the average to above-average

IQ of participants.

3. Explore skills that have been found to contribute

to reading in TYP children and children with dys-

lexia to discern any differences between children

with ASD + HPL and both comparison groups in

(a) a number of the skills related to successful

single-word recognition: encoding, fluency, rapid

naming, phonological awareness; and (b) one of

the skills necessary for successful comprehension,

vocabulary.

4. Confirm, indirectly, the results from prior case

study research suggesting that word-reading skills

of children with ASD + HPL even out by age 10,

closing the gap between word reading and com-

prehension at the expense of word reading. Spe-

cifically, examine the relationship between level of

single-word reading and age in children with

ASD + HPL.

Method

Participants

Forty-one probands with Autism Spectrum Disorder

(ASD) (20 with HPL [i.e., ASD + HPL] and 21 with-

out HPL [i.e., ASD – HPL]) were ascertained through

the clinics of the Yale Child Study Center, primarily

the Yale Developmental Disorders Clinic. In addition,

18 typically developing individuals (TYP) were ascer-

tained through a community-based sample. Partici-

pants were ascertained based on the following criteria:

1. Participants in the ASD + HPL sample were re-

cruited based on a diagnosis of Autism Spectrum

Disorder (autism, PDD-NOS, Asperger’s disor-

der), and a documented report of exceptional and

precocious single-word reading skill with respect to

comprehension/cognitive ability. This diagnosis

was ascertained on the basis of materials and data

available through a comprehensive psychiatric,

psychological, and speech and language assessment

at the Yale Developmental Disorders Clinic. In an

interview, parents were asked to describe any

special reading ability, and all parents of children

with ASD + HPL confirmed the presence of

exceptional and precocious single-word reading in

their children. The final number of participants in

this sample was 20.

2. Participants with ASD without HPL (ASD –

HPL) were ascertained based on a high-function-

ing (IQ within the average or above-average

range) Autism Spectrum Disorder diagnosis (aut-

ism, PDD-NOS, Asperger’s disorder) through a

comprehensive psychiatric, psychological, and

speech and language assessment at the Yale

Developmental Disorders Clinic. These evalua-

tions revealed no exceptional single-word reading

ability. Although children from this group and the

ASD + HPL group were not matched on IQ, we

did make sure that, on average, the groups were

comparable with each other on the indicator of
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general functioning (see Table 1). From this sam-

ple, one participant was removed from analysis

because of a subsequent reevaluation and elimi-

nation of the PDD-NOS diagnosis. In an interview,

parents did not report any exceptional or preco-

cious reading when asked about any special read-

ing ability or reading interest in their child. The

final number of participants in this sample was 20.

3. Typically developing (TYP) participants were

ascertained through the community and had no

preexisting cognitive, emotional, behavioral, or

learning disabilities. The inclusion criterion for this

sample was the absence of any type of diagnosis or

complaints about atypicality of these children. The

final number of participants in this sample was 18.

Matching of Groups

The two comparison groups were matched to the

ASD + HPL group (see Table 1). Both groups were

matched to the HPL group based on gender (v2

(2,58) = 1.56, P = .46). In addition, the ASD – HPL

group was ascertained from the same clientele base of

the Yale Developmental Disorders Clinic as the

ASD + HPL group. The groups were then matched on

chronological age (t(38) = –.097, P = .92). The TYP

group was matched to the ASD + HPL group on sin-

gle-word reading level, based on mean number of

words read (raw score) on the Woodcock-Johnson

Tests of Achievement, Letter–Word Identification

subtest (t(36) = –5.07, P = .62).

In summary, the groups consisted of the following

participants:

The ASD + HPL group included 18 male and 2

female probands, ages 3.0 to 19.75 (mean = 10.41,

SD = 4.65). Prior comprehensive assessments of par-

ticipants determined diagnostic and IQ data. IQ data

were not available for 4 of the participants in this

group. Of the 20 ASD + HPL participants, 15 were

diagnosed with autism, 4 with Asperger’s disorder, and

1 with PDD-NOS. IQ was assessed with the WISC-III

(Wechsler, 1991) (12 participants), the KABC (Kauf-

man & Kaufman, 1983) (three participants), and the

Leiter-R (Roid & Miller, 1997) (one participant). The

Mean Full Scale or Composite IQ across the measures

was 99.4 (SD = 20.15); by instrument: with the WISC-

III, 103.75 (SD = 20.21); with the KABC, 84

(SD = 5.66); and with the Leiter, 78.

The ASD – HPL group included 18 males and 2

females, ages 8.22 to 19.55 (mean = 12.33, SD = 3.40).

Prior comprehensive assessments of participants

determined the following diagnostic and IQ results. Of

the 20 ASD – HPL participants, 15 were diagnosed

with autism, 3 with Asperger’s disorder, and 2 with

PDD-NOS. IQ of all participants was ascertained with

the WISC-III. The Mean Full Scale IQ for this group

was 89.25 (SD = 18.17). There were no statistically

significant differences on indicators of Mean Full Scale

IQ between the groups of ASD + HPL and ASD –

HPL probands (t(34) = 1.59, P > .1).

The TYP group included 14 males and 4 females,

ages 6.57 to 19.21 (mean = 9.99, SD = 4.07). All chil-

dren were typically functioning. Since no matching was

done on IQ, IQ tests were not administered.

General Assessment

Achievement tests were chosen to assess a wide array

of reading and reading-related abilities. Measures were

chosen to assess phonological, orthographic, and

comprehension abilities, and the pathways between

these processes. The general theoretical context for the

selection of these measures is in the connectionist

models of reading (e.g., Seidenberg & McClelland,

1989), linking phonology, orthography, and semantics,

and investigating not only these componential pro-

cesses (e.g., phonological awareness in its various

manifestations), but also the links between these

components (e.g., automatization in converting visual

stimuli into naming). Correspondingly, participants in

all three study groups were assessed with

1. Selected subtests from the Woodcock–Johnson

Tests of Achievement-III (Woodcock, McGrew, &

Mather, 2001):
(a) Letter–Word Identification: an assessment of

single-word reading ability. Participants were

asked to read single words that became

increasingly more difficult.
(b) Reading Fluency: an assessment of the flu-

ency or speed of reading. Participants were

asked to read short sentences and determine

Table 1 Matching criteria for the ASD + HPL group with the
two comparison groups: Ns for gender, means, and standard
deviations for age and single-word recognition scores

Group Gender (N) Age WJ-III raw
score single-
word reading

Male Female Mean SD Mean SD

ASD + HPL 18 2 10.41 4.65 56.80 12.66
ASD – HPL 18 2 12.33 3.39 (55.70)a (9.58)a

TYP 14 4 (9.99)a (4.07)a 53.83 13.90

a Groups not matched on this variable
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if they were true or false. They were given

3 min to complete as many as possible.
(c) Passage Comprehension: a cloze passage

assessment of reading comprehension. In this

subtest, participants were asked to read short

paragraphs and fill in a missing word.
(d) Word Attack (pseudoword decoding): an

assessment of the ability to decode (attach the

sounds of language to the letters) words that

are not familiar. This subtest assessed a par-

ticipant’s ability to read pseudowords or

nonwords, such as ‘‘ab,’’ ‘‘ket,’’ or ‘‘mibgus.’’
(e) Picture Vocabulary: an assessment of

expressive vocabulary. Participants were

asked to provide the name for each picture in

an increasingly difficult set of pictures.
(f) Spelling of Sounds (pseudoword encoding): an

assessment of the ability to encode (attach the

letters to the sounds of language) words that

are not familiar. In this subtest, participants

had to spell a set of nonwords.
(g) Sound Awareness: an assessment of phono-

logical awareness or the awareness of the

sounds of language. In this subtest, partici-

pants had to complete tasks requiring them to

rhyme, delete sounds from words, substitute

sounds in words, and reverse the sounds of a

word to create a new word.

2. Rapid naming measures of colors, objects, digits,

letters, nouns, function words, and pseudowords:

Participants are presented with a series of cards

and asked to name the series (digits, letters,

words, nonwords) presented on each card as

quickly as possible. A time is recorded for each

card. Rapid naming of digits and letters are

subtests of the Comprehensive Tests of Phono-

logical Processing (CTOPP) (Wagner, Torgeson,

& Rashotte, 1999). The rapid serial naming of

words and pseudowords are experimental mea-

sures used in previous reading research (Scar-

borough & Domgaard, 1998).

Visual memory was assessed to determine if these

children have a general visual-memory skill that might

be driving the exceptional word reading process (i.e.,

they are reading by seeing the word).

3. Visual memory was assessed with the Visual

Memory subtest of the Test of Visual Perceptual

Skills (Gardner, 1996). This task asked participants

to view a visually presented line drawing for 5–7 s

and then choose this drawing from a set of similar

pictures presented immediately following the ini-

tial drawing. We refer to this task as a simple visual

memory task.

4. Visual short-term memory was assessed with a

complex picture depicting a living room scene in

which participants viewed the initial picture for

20 s and were then presented with a similar picture

with 20 changes in the scene. These changes

included a directional change in the gaze of a teddy

bear, a pocket appearing on a man’s shirt, and a

rabbit replacing a dog. Participants had to point to

as many changes as they remembered. Number of

changes remembered was recorded. This assess-

ment was developed for this project. It assesses

visual memory in a real-world environment. We

refer to this task as a complex/contextualized

visual memory task.

Procedures

1. Half (n = 10) of the participants with ASD + HPL

were assessed at the Yale University clinics and

half (n = 10) were assessed in their homes.

2. Participants with ASD – HPL were all assessed for

this study at the Yale Developmental Disorders

Clinic during the course of a comprehensive

assessment, for which they received a psychologi-

cal report.

3. Half (n = 9) of the TYP group participants were

assessed at a Yale University clinic and half (n = 9)

were assessed in their homes.

Given the small sample sizes, missing data from the

younger participants on a number of the more complex

tasks, and heterogeneity of variance across the three

study groups on selected indicators, both parametric

(ANOVA) and nonparametric (Kruskal–Wallis Test),

univariate analyses were conducted for each measure.

We carried out the three-group analyses, considering

all data simultaneously. These analyses were followed

up with pairwise tests.

We chose ANOVA because, compared with MA-

NOVA, ANOVA (a) is more appropriate in the context

of meeting our specific aims of formulating hypotheses

regarding differential performance across the study

groups on specific variables (Keselman et al., 1998); (b)

does not require listwise deletion of the variables; and

(c) is more robust to violations of normality and

variance (variance/covariance matrix) heterogeneity1

1 It is stated that permissible ratio of variance in groups to be
compared is 4:1 (Moore, 1995). None of the variables in our
study exceeded this ratio (see Table 2).
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(Huberty & Morris, 1989; Huberty & Petoskey, 2000),

which are often inevitable in comparing groups that are,

by definition and in the context of particular theoretical

assumptions, expected to differ, at least for some vari-

ables. In presenting ANOVA results, we specified the

most appropriate test of means (either Bonferroni,

when the equal variance assumption across groups held,

or Dunnett T3, when equal variance across groups was

not assumed) and the corresponding effect size of the

mean difference (Cohen’s d). No Bonferroni-like cor-

rections for multiple comparisons were used because (a)

these corrections are often overly conservative

(Perneger, 1998); and (b) although we had a priori

hypotheses, we used two-tailed significance tests,

adopting a more conservative approach in interpreting

p-values. The set of parametric analyses was concluded

with a discriminant function analysis (DFA) on a

reduced sample of participants.

For nonparametric tests, we utilized the Monte

Carlo approach with a 99% level of confidence and

10,000 samples. Below we present the overall Kruskal–

Wallis Test statistic for the three-group comparison,

followed by the Kolmogorov–Smith Z statistic for pairs

of study groups.

SPSS-13 was used for all statistical analyses. Care

was taken in interpreting these results.

Results

Prior to carrying out inferential statistical analyses, the

validity assumptions were checked for all statistical

techniques. All but three (i.e., Single-Word Reading,

Simple and Complex Visual Memory) outcome vari-

ables were normally distributed. The variables of Sin-

gle-Word Reading, Reading Comprehension, and

Word Attack had an outlying observation. The par-

ticipant whose scores were outlying was the youngest

member of the ASD + HPL group and had the most

pronounced ‘‘classical’’ features of HPL—amazing

single-word reading and word-decoding skills. Clearly,

deleting this case, although technically appropriate, is

theoretically unsound. Therefore, for these three vari-

ables, we present two types of analyses, with and

without the outlying observation. The data matrix was

incomplete (see Table 2); no substitution of missing

values was introduced. Care was taken in applying the

adequate statistical techniques.

In comparing the three groups of children on each of

the assessment measures, significant differences were

found among the ASD + HPL group and both the

ASD – HPL and the TYP groups on a number of the

reading and reading-related skill measures (see

Table 2 for descriptive statistics).

In meeting the first specific aim, a set of univariate

analyses of variance and nonparametric analyses were

used to examine the two variables central to the diag-

nosis of hyperlexia: single-word recognition and read-

ing comprehension. On the standard score of the

single-word recognition subtest, a significant difference

was found among the three groups (F(2, 55) = 5.08,

P < .01). The ASD + HPL and ASD – HPL groups

differed significantly (Dunnett T3 P < .03, Cohen’s

d = .91), as did the TYP and the ASD – HPL groups

(Dunnett T3 P < .01, Cohen’s d = 1.11). No significant

difference was found between the ASD + HPL and

TYP groups. When the outlying observation was

deleted, the group differences became even more

pronounced (F(2, 54) = 6.08, P < .01), with the sub-

stantial underperformance of the ASD – HPL group

compared with the ASD + HPL group (Bonferonni

P < .01, Cohen’s d = 1.02) and the TYP group (Bon-

feronni P < .03, Cohen’s d = 1.11), and no differences

between the ASD + HPL and the TYP groups. The

pattern was similar for the nonparametric set: signifi-

cant group differences (v2(2,58) = 10.88, P < .01)

originated from the differences between the ASD –

HPL and the ASD + HPL (Z = 1.58, P < .02) groups

and the ASD – HPL and the TYP (Z = 1.38, P < .03)

groups, with the ASD – HPL group performing the

worst, and the ASD + HPL and the TYP groups per-

forming equally well.

On an initial analysis of the standard score for the

reading comprehension subtest, the study groups also

differed significantly (F(2, 55) = 7.50, P < .00). Spe-

cifically, significant differences were found between the

ASD + HPL and ASD – HPL groups (Dunnett T3

P < .05, Cohen’s d = .82), and the TYP and ASD –

HPL groups (Dunnett T3 P < .00, Cohen’s d = 1.95),

but not between the ASD + HPL and TYP groups.

When the outlying observation was deleted, the results

were similar, but the difference in performance on the

comprehension test between the ASD + HPL and the

ASD – HPL groups was not statistically significant:

(F(2, 54) = 8.29, P < .00) for the model and Dunnett

T3 P < .10, Cohen’s d = .75 for the ASD + HPL and

ASD – HPL and Dunnett T3 P < .00, Cohen’s

d = 1.95 for the TYP and ASD – HPL group

comparisons. The pattern of the results obtained

through the nonparametric tests was v2(2,58) = 8.92,

P < .01 for the three-group comparison and Z = .74,

P = .61 for the ASD + HPL and ASD – HPL,

Z = 1.43, P < .03 for the ASD + HPL and the TYP,

and Z = 1.68, P < .01 for the TYP and ASD – HPL

group comparisons.

Of note here is that we also compared the study

groups when reading comprehension was controlled for
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single-word recognition. Together, the standard score

for word reading and group membership explained 73%

of the variance in the reading comprehension standard

score (F(3, 54) = 49.13, P < .00, g = .66 for single-word

reading and g = .23 for the group variable). The pattern

of group performance was reversed—the ASD + HPL

group was not significantly different from their ASD –

HPL peers, and the TYP group differed both from the

ASD + HPL (P < .00, as per the Bonferroni method)

and ASD – HPL groups (P < .00, as per the Bonferroni

method). The results were essentially the same when the

outlying observation was deleted (F(3, 53) = 51.19,

P < .00, g = .67 for the single-word reading and g = .21

for the group variables).

In summary, the pattern of results obtained through

different methodologies suggests the consistent

advantage of the TYP group over both the

ASD + HPL and ASD – HPL groups on indicators of

comprehension, with the latter two groups not differing

from each other.

Of interest in this study was the profile of skills that

contributed to exceptional single-word reading in

children with ASD + HPL. In particular, we were

interested in assessing both phonological decoding and

visual memory skills, both of which have been posited

as the exceptional skills underlying hyperlexic reading.

As per the second specific aim of this study, visual

memory and pseudoword decoding were examined to

determine whether the word-recognition skills

observed in children with HPL were related to skills in

phonological decoding or visual memory. The analyses

revealed statistically significant group differences on

the standard score on the pseudoword decoding subtest

(F(2, 54) = 5.99, P < .00). This result stemmed from

the statistically significant difference between the

ASD + HPL and ASD – HPL groups (Bonferroni

P < .00, Cohen’s d = 1.07), but not when comparing

the ASD + HPL and TYP groups and the ASD – HPL

and TYP groups. The deletion of the outlying obser-

vation resulted in F(2, 53) = 5.94, P < .00. The source

of this statistic was the pairwise difference between the

ASD + HPL and ASD – HPL groups (Bonferroni

P < .01, Cohen’s d = 1.18). The nonparametric

analyses revealed the same pattern: There was

a significant overall group difference, with

v2(2,58) = 15.16, P < .00, reflecting the pairwise

difference between the ASD + HPL and ASD – HPL

groups (Z = 1.82, P < .02), with no other differences

in place.

The analyses of the two visual memory tasks

revealed the presence of the group effect for both the

simple (F(2, 49) = 3.61, P < .03) and the complex

(F(2, 50) = 3.61, P < .03) tasks. For the simple visual

memory task, the children with HPL were not signifi-

cantly different from the children in either the ASD –

HPL or the TYP groups, although the ASD – HPL and

TYP groups did differ (Bonferroni P < .03 and

Cohen’s d = .97). The nonparametric analyses revealed

Table 2 Means, standard deviations, and Ns for each of the three groups on the tasks

ASD + HPL (N = 20) ASD – HPL (N = 20) TYP (N = 18)

Mean SD N Mean SD N Mean SD N

A Single-word reading 131.75 48.71 20 99.65 16.39 20 118.83 19.29 18
A Reading comprehension 109.30 30.06 20 90.90 12.33 20 115.50 13.60 18
A Word attack (pseudowords) 128.21 31.92 19 102.00 16.02 20 115.39 20.27 18
A Picture vocabulary 110.55 18.13 20 99.30 11.68 20 115.44 13.13 18
A Reading fluency 101.00 14.41 14 98.05 18.38 19 115.35 16.70 17
A Spelling of sounds 107.00 12.22 15 94.80 18.86 20 110.17 20.10 18
A Sound awareness 111.44 11.14 9 96.67 19.73 15 124.73 16.67 15
C Rhyming 15.54 2.18 13 14.29 2.66 17 15.53 1.96 15
C Sound deletion 9.25 .97 12 8.88 1.54 17 9.07 1.03 15
C Sound substitution 7.80 1.03 10 6.40 3.02 15 7.67 2.19 15
C Sound reversal 6.78 2.11 9 5.73 2.09 15 6.60 1.96 15
B Rapid object naming 36.42 9.68 18 35.78 15.88 20 31.30 9.78 18
B Rapid digit naming 21.35 8.57 19 19.05 8.18 20 20.31 8.70 17
B Rapid letter Naming 22.62 9.74 19 20.51 8.79 20 22.34 14.00 17
B Rapid Noun naming 30.56 10.66 15 31.81 13.45 20 27.16 5.57 16
B Rapid function Word Naming 28.30 13.66 16 30.21 11.80 20 27.37 5.78 16
B Rapid pseudoword naming 42.51 24.30 15 42.39 13.89 17 43.47 14.70 15
B Rapid naming (average) 30.12 8.19 20 30.04 10.47 20 29.23 9.00 18
A Simple visual memory task 92.31 20.29 16 85.44 16.76 18 101.67 17.52 18
C Complex visual memory task 8.67 3.27 15 6.10 3.55 20 8.61 3.13 18

A––standard scores, mean = 100, SD = 15; B––time in seconds; C––number correct
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the following pattern of results: v2(2,52) = 7.42,

P < .02 for the model, with the ASD + HPL and

ASD – HPL groups differing with Z = 1.22, P < .05,

the ASD – HPL and TYP groups differing with

Z = 1.50, P < .02, and the ASD + HPL and TYP

groups not differing.

For the complex visual memory task, there were no

statistically significant pairwise differences, although

the children without HPL showed a slight disadvantage

in their task performance compared with the children

in both the ASD + HPL (Bonferroni P < .09 and

Cohen’s d = -.77) and TYP (Bonferroni P < .07 and

Cohen’s d = –.40) groups. When nonparametric anal-

yses were applied, the overall group difference was

v2(2,53) = 5.48, P < .07, and the children in the

ASD – HPL group performed worse than the children

in the ASD + HPL group (Z = 1.22, P < .05) and the

children in the TYP group (Z = –1.93, P < .06), with

no differences between the ASD + HPL and TYP

groups.

To meet the third specific aim, further variables that

have been found to be related to single-word recogni-

tion in both typically developing and dyslexic popula-

tions (Grigorenko, 2001, Pugh et al., 2001; Shaywitz

et al., 2004) were analyzed using a set of univariate

analysis of variance to determine the relationship of

these factors with the reading profile of children with

HPL in comparison with the TYP and ASD – HPL

group-matched controls. The skills related to single-

word recognition are reading fluency, encoding (spell-

ing of sounds), sound awareness (a composite of per-

formance on tasks of rhyming, sound deletion, sound

substitution, and sound reversal), and rapid naming. In

addition, a measure of picture vocabulary was included

as a skill related to reading comprehension.

The analyses indicated group differences for (a)

picture vocabulary (F(2, 55) = 6.17, P < .00), (b)

reading fluency (F(2, 47) = 5.26, P < .01), (c) spelling

of sounds (F(2, 50) = 3.97, P < .01), and (d) sound

awareness.2 (F(2, 36) = 10.30, P < .00). The pattern of

group differences was consistent across these four

variables, with the ASD + HPL group not differing

from either the ASD – HPL or TYP groups, and the

TYP group outperforming the ASD – HPL group with

Bonferroni P < .01, .03, .00, and Cohen’s d = 1.01, .96,

2.05, for reading fluency, spelling of sounds, and sound

awareness, respectively. For the picture vocabulary,

the ASD – HPL group performed worse than either

the ASD + HPL group (Bonferroni P < .05, Cohen’s

d = .76) or the TYP group (Bonferroni P < .00,

Cohen’s d = .77); the ASD + HPL and TYP groups did

not differ from each other. The pattern of findings was

slightly different when the nonparametric statistics

were utilized. The overall models’ results were

v2(2,58) = 13.57, P < .00, v2(2,50) = 8.92, P < .01,

v2(2,53) = 8.73, P < .01, and v2(2,53) = 14.25, P <

.00, for picture vocabulary, reading fluency, spelling of

sounds, and sound awareness, respectively. The group

differences stemmed from the disadvantage of the

ASD – HPL group when compared with the

ASD + HPL group (Z = 1.42, P < .02; Z = 1.46,

P < .02, and Z = 1.27, P < .04, for picture vocabu-

lary, spelling of sounds, and sound awareness, respec-

tively) and the TYP group (Z = 1.78, P < .04,

Z = 1.68, P < .00, Z = 1.74, P < .01, Z = 1.64,

P < .00, for picture vocabulary, reading fluency,

spelling of sounds, and sound awareness, respectively).

In addition, the children in the TYP group outper-

formed the children in the ASD + HPL group on the

tasks of reading fluency (Z = 1.43, P < .02) and sound

awareness (Z = 1.42, P < .02).

However, it should be noted that some of these

subtests (e.g., especially the componential phonemic

skills) were often too complex for the young children in

the ASD + HPL sample (i.e., the multi-step directions,

the fine-motor demands, and the complexity of direc-

tions such as ‘‘if–then’’ directions were all considered

when determining that these tasks were not valid

measures of those skills in the younger children) and

therefore the Ns were small and not representative of

the entire ASD + HPL group. Again, the findings

presented here are tentative in light of missing values;

however, they also suggest that children with

ASD + HPL appear to have stronger phonological

skills (awareness, decoding, and encoding) than do

their matched ASD – HPL peers.

Rapid naming measures, individually and when

averaged across the six subtests, revealed no significant

differences among any of the groups.

Figure 1 summarizes the results of the group anal-

yses. Three comments are worth making here. First, in

terms of the overall pattern, the profiles of the ASD –

HPL and TYP groups appear to be more similar to

each other; both are pretty even across the eight con-

sidered variables with only slight variation in the

means and standard deviation. In contrast, the profile

of the ASD + HPL group is different both in its

unevenness and its amount of variation across the eight

variables. Second, the performance of children in

the TYP group is, on average, higher than that of the

ASD – HPL group, with the children in the

ASD + HPL group taking the intermediate position,

2 None of the contributing indicators (i.e., rhyming, deletion,
substitution, and sound reversal) showed significant group dif-
ferences consistently.
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so they look more like the TYP children on some

variables and more like the ASD – HPL children on

others. Third, it is noticeable that there are three

variables (Single-Word Reading, Reading Compre-

hension, and Word Attack) on which there is more

variance among the participants in the ASD + HPL

group than in any other group on these variables or

than on any other variables in this group. Elevation in

the two of these skills, single-word reading and

decoding, constitutes the characteristic signature of the

hyperlexic reading; the specific unevenness of the

profile of the ASD + HPL group is clearly visible in

Fig. 1.

The observations obtained from meeting aims 1–3

were combined to conduct a DFA in an attempt to

rebuild group membership based on the measured

behavioral indicators. Specifically, the purpose was to

determine the factors that best distinguished the

ASD + HPL group from the two comparison groups.

However, given the small N/large number of outcome

variables in the analyses, the results should be inter-

preted with extra caution and should be viewed as

exploratory and suggestive, rather than definitive. In

the first round of analyses, we entered all variables

assessed in this study (the phonemic variables were

represented through the summative score of Sound

Awareness and the naming variables were represented

by the averaged scores of Rapid Naming (Average)3).

Two discriminant functions were identified, with a

combined v2(20) = 33.27, P = .03. After removal of the

first function, there was still borderline association

between groups and predictors, v2(9) = 12.60, P = .18.

The two functions accounted for 66% and 34%,

respectively, of the between-group variability. The first

discriminant function maximally discriminates TYP

participants from the other two groups. The second

discriminant function separates the ASD + HPL par-

ticipants from the ASD – HPL participants, with the

TYP group falling between the two ASD groups. The

analyses of the structure matrix of the two functions

revealed that the determining variable for the first

function was Reading Comprehension (pooled within-

group r = . 81), whereas the leading variable for the

second function was Word Attack (pooled within-

group r = .64). The jackknifed-based classification

procedure applied to the total sample resulted in the

correct classification of 76.5%4 of original grouped

cases (75% in the ASD + HPL, 75% in the ASD –

HPL, and 78.6% in the TYP groups). The application

of the stepwise procedure resulted in the removal of all

but two variables—the indicators of Reading Com-

prehension and Word Attack. Like the analyses with

the full set of variables, stepwise procedures identified

two functions (combined v2(4) = 25.84, P < .00): The

first function (78.3% of the variance) had a substantive

loading from the Reading Comprehension variable and

differentiated the TYP group from the two ASD

groups; the second function (21.7% of the variance)

had a substantive loading from the Word Attack vari-

able and differentiated the ASD + HPL group from

the TYP and ASD – HPL groups.

Finally, as per our fourth specific aim, we explored

the age–HPL association. Given the age range of

children with ASD + HPL in our sample and previous

reports that by age 10 these children do not appear to

read better or more than their peers (Goldberg, 1987),

it was interesting to note the cross-sectional develop-

mental progression in reading skills in our sample.

Among the children with ASD + HPL, approximately

half of the children (n = 9) were younger than

10 years 0 months and 11 children were older than

10 years 0 months. The results of the group-based
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Fig. 1 Group profiles on the
variables, for which there
were significant group
differences. Note: SWR:
single-word reading; RC:
reading comprehension; WA:
word attack, PV: picture
vocabulary; RF: reading
fluency; SS: spelling of
sounds; SA: sound awareness;
SVM: simple visual memory
task

3 It is important to note that, because of the complexity of the
phonemic tasks for the younger children, the sample sizes in
these analyses were reduced and the ‘‘most pronounced’’ chil-
dren with HPL (see Fig. 2) were deleted from these analyses.
This resulted in the decrease of variance in the group of children
with HPL and overall homogenization of the variance in the
sample.

4 Introducing age as an additional variable improved classifica-
tion only slightly, up to 79.4%.
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analyses comparing the mean differences in these

groups are shown in Table 3. The ASD + HPL indi-

viduals younger than age 10 performed significantly

better than did the ASD + HPL individuals older than

age 10 on the measures of Single-Word Reading

(P < .01), Reading Comprehension (P < .00),

Decoding (P < .01), Simple Visual Memory

(P < .02), and Picture Vocabulary (P < .06). The

pattern of results was preserved when the outlying

observation was deleted from the younger group

(P < .01, .01, .01, .03, and .10, for the same order of

variables), with an addition of the Sound Awareness

variable (P < .06). The older participants, however,

were better namers (p < .00), indicating that autom-

atization of reading-related skills unfolds in the HPL

group in a similar fashion to the TYP group.

Figure 2 demonstrates the standard scores of the

single-word reading skills of ASD + HPL individuals

by age and illustrates the exceptional single-word

recognition skills of the youngest participants in

comparison with their same-aged peers and the

downward trajectory as age increases to 10 years,

where it levels off at approximately the mean score

for the standardized test (mean = 100, SD = 15). Of

note here is that, when raw single-word reading

scores are considered, a more typical linear rela-

tionship between age and single-word reading is

observed. This further supports the position in the

literature, which we share (Grigorenko et al., 2003),

that asserts that the essence of HPL is not in the

‘‘super’’ development of single-word skills, but in the

early development of these skills and the resulting

discrepancy between these skills and the level of

comprehension, which lags behind throughout the

lifespan. The discrepancy gap might be closing,

however, because of the deceleration of single-word

skills development.

Discussion

The results of this study confirm the findings of previ-

ous studies, demonstrating that hyperlexic reading is

characterized by a discrepancy between single-word

reading and reading comprehension (e.g., Silberberg &

Silberberg, 1967). In particular, this study provides a

comparison of children with ASD + HPL with both

their ASD – HPL peers and TYP children, allowing us

to examine relative strengths and weaknesses in the

reading profiles of these three groups. These compar-

isons reveal that when collapsed across the age span of

our sample, the single-word recognition skills of hy-

perlexic readers are significantly stronger than those of

their ASD – HPL peers but equivalent to TYP

children.

However, this analysis masks the age differences

that are apparent in this sample. The youngest children

in the sample are four children ages 5 and younger

Table 3 Means, standard deviations, and F-values for reading and reading-related tasks for ASD + HPL children less than age 10 and
greater than age 10

Reading task Younger than 10 Older than 10 Group comparison

N Mean SD N Mean SD F(df,df)/P

Single-word reading 9 163.00 58.66 11 106.18 12.49 9.89(1,18)/.01
Reading comprehension 9 129.89 28.16 11 92.45 19.71 12.21(1,18)/.00
Word attack 8 149.50 38.63 11 112.73 12.78 8.82(1,17)/.01
Simple visual memory 8 104.00 8.33 8 80.63 22.38 7.67(1,14)/.02
Picture vocabulary 9 118.78 17.79 11 103.82 16.15 3.88(1,18)/.06
Reading fluency 4 110.00 4.69 10 97.40 15.56 2.43(1,12)/.15
Spelling of sounds 5 113.80 9.88 10 103.60 12.25 2.59(1,13)/.13
Sound awareness 3 121.00 4.00 6 106.67 10.48 4.95(1,7)/.06
Rapid naming (average) 9 35.48 7.15 11 25.73 6.28 10.54(1,18)/.00
Complex visual memory 6 9.83 4.07 9 7.89 2.57 1.30(1,13)/.27
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Fig. 2 Scatterplot of standard scores of single-word reading by
age for ASD + HPL sample. Note: SWR: single-word reading
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who, according to the norms of the reading measures,

would not be expected to be reading single words.

These children are precociously reading in comparison

with the norm. The importance of this very young

cohort became apparent when analyzing the reading

comprehension measure. An initial analysis suggested

that the ASD + HPL readers were more like typically

developing readers than like their ASD – HPL peers

on the reading comprehension measure. This result

was driven by the very young hyperlexic children, who

at ages 3, 4, and 5 were able to read and therefore

received scores on the reading comprehension measure

that are unexpected for typical children of this age.

When the results of the reading comprehension

measure were reanalyzed controlling for the effect of

single-word recognition, the hyperlexic children per-

formed at a level equivalent to their ASD – HPL peers

and significantly lower than the TYP children, consis-

tent with previous research into both the oral and

written language comprehension of ASD individuals

with and without HPL (Minshew et al., 1994; Nation

et al., 2002; Szatmari et al., 1990).

In attempting to understand the relative importance

of phonological decoding versus visual memory in the

single-word recognition skills demonstrated by chil-

dren with ASD + HPL, we examined a nonword

reading task and two tasks of visual memory. Our

findings of strong nonword decoding in comparison

with ASD – HPL peers were consistent with previous

findings that children with HPL rely on phonological

decoding, like typical readers, rather than visual

memory or whole-word recognition (Aram & Healy,

1988; Aram et al., 1984; Goldberg & Rothermel, 1984).

However, whereas previous work has suggested that

children with HPL have variable results on nonword

reading tasks (Aram & Healy, 1988), our study found

that with few exceptions, these ASD + HPL children all

demonstrated strong nonword reading. In the two cases

in which the ASD + HPL children demonstrated diffi-

culties with the task, it was apparent that they wanted to

make the words into real words and were distressed that

these words were ‘‘wrong.’’ For example, one of the

children told the examiner a real word (an orthograph-

ically similar word to the presented nonword) for each of

the nonwords and detailed how the nonword was spelled

incorrectly—even when reassured multiple times that

the words were not supposed to be real.

On the measures of visual memory, there were no

consistent differences between the ASD + HPL group

and their ASD – HPL or TYP peers. Although there

were slight advantages in the level of performance of

the participants in both the TYP and ASD + HPL

groups, these differences were not substantial. These

findings, along with the nonword decoding results,

suggest that the general underlying model of single-

word recognition is the same for ‘‘typical’’ and hyper-

lexic reading.

Additional factors that have been associated with

single-word recognition in typically developing and

dyslexic readers were also explored. Although the

measure of nonword encoding (Spelling of Sounds)

and the combined indicator of phonemic processing

(Sound Awareness) revealed the similarity between

the ASD + HPL and TYP groups, the differences

between the ASD + HPL and ASD – HPL groups

were not consistently statistically significant for para-

metric and nonparametric analyses. In previous

research with phonological awareness tasks and chil-

dren with HPL, children with HPL performed better

on rhyming and sound deletion tasks (Sparks, 1995,

2001; Seymour & Evan, 1992). We examined a series of

phonological awareness tasks including rhyming, sound

deletion, sound substitution, and sound reversal and

found that, although children with ASD + HPL per-

formed better than their ASD – HPL peers, the results

were inconsistent for different analytic methodologies

and require further confirmation. A closer look at the

results suggested that many of the ASD children both

with and without HPL had difficulty understanding the

complexity of these tasks—particularly the very young

children in the ASD + HPL group. Thus, further work

is needed in this area to develop less complex tasks to

capture the knowledge of phonological awareness in

the group of children with ASD at early ages.

Rapid naming, although an interesting factor in

work with dyslexia (Wolf & Bowers, 1999), was not

found to significantly discriminate between the

ASD + HPL group and the ASD – HPL or TYP

groups. There were no differences in performance on

any of the six rapid naming subtests between the three

study groups. This finding, although preliminary, sug-

gests that there might be no pronounced differences in

how reading-related skills are automatized; the differ-

ences between the ASD + HPL and ASD – HPL

groups might be grounded in acquisition, not automa-

tization, of the relevant skills.

In contrast, another measure found to be important

in dyslexia research, reading fluency, had unexpected

results: The performance of children with ASD + HPL

was more similar to their ASD – HPL peers and lower

(P < .07 for parametric and P < .02 for nonpara-

metric) than that of the TYP children. This is incon-

sistent with previous case studies of children with HPL,

in which reading speed was found to be significantly

faster than in normal controls (e.g., O’Connor &

Hermelin, 1994). However, the measure of reading
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fluency used in the current study was one that required

a level of reading comprehension. The child had to

read a short sentence and circle yes or no, depending

on the truth value of the sentence. By forcing subjects

to make a judgment regarding the truth value of the

sentences, comprehension became a factor, as opposed

to earlier studies of reading fluency in which individ-

uals were simply asked to read. In fact, the O’Connor

and Hermelin (1994) case study finding that children

with HPL, compared with normal controls, do not

demonstrate a relative decrease in speed of reading if

word order is mixed, or as passages become more dif-

ficult, suggests that when not forced to comprehend,

individuals with HPL demonstrate a relative disregard

for the content of the passages. Our results suggest that

when forced to assess the content of the text, individ-

uals with HPL are significantly slower in their reading

fluency. Future studies comparing type of task should

clarify the nature of the relationship between reading

speed and reading comprehension in individuals with

HPL.

As we move forward with our research on children

with HPL, it will be important not only to revise our

measure of reading fluency to better reflect that con-

struct and to make it accessible to younger children (as

discussed above), but also to revisit our measures of

reading comprehension. Although the cloze passage

procedure used in this study offers a basic measure of

students’ understanding of short text, more refined

measures that assess the component skills that

contribute to reading comprehension will provide a

more thorough understanding of the profile of an

ASD + HPL child’s comprehension. In particular, we

will want to examine the working memory processing

resources and higher-level language skills, such as

inference, integration, comprehension monitoring, and

knowledge of text structure, that provide a coherent

and cohesive understanding of text across sentences

and ideas (Cain, Oakhill, & Bryant, 2004). It is possi-

ble, given the oral language difficulties documented in

children with ASD (Minshew et al., 1994; Szatmari

et al., 1990), that children both with and without HPL

may experience challenges to one or more higher-level

language skills that contribute to reading comprehen-

sion. These skills are obscured by the use of a single

comprehension measure, such as a cloze passage pro-

cedure. Snowling and Frith (1986) have noted that it is

unclear whether individuals with HPL have a deficit in

connecting to knowledge or if they simply do not have

the knowledge to access.

An additional limitation of the measures used in this

study was the measure of phonological awareness. This

measure was a composite of four tasks (rhyming, elision,

deletion, reversal). Because of the cognitive complexity

of the task, we were unable to obtain an accurate rep-

resentation of the younger children’s phonological

awareness skills. In addition, as the measure was a

composite score, we were unable to assess the relative

strengths and weaknesses of the four tasks.

The distribution of age in our sample stressed again

the unusual pattern of early acquisition of this skill. In

fact, our most pronounced case of HPL was a 3-year-

old whose observation was so outlying that it needed to

be deleted for a set of parametric analyses. In exam-

ining age as a potential factor in hyperlexic reading,

our study, although cross-sectional, suggests that even

though children with HPL demonstrate exceptional

skill in single-word recognition at a young age, this skill

evens off by age 10 to an average ability level, perhaps

as other children ‘‘catch up.’’ This is consistent with

previous suggestions (Goldberg, 1987) that strong

single-word recognition ability in HPL appears to

normalize as children on the expected trajectory of

single-word reading acquisition catch up. By age 10,

children with HPL have single-word reading ability

that falls within the normal range; however, even HPL

children above age 10 have both single-word reading

ability and Word Attack (pseudoword decoding) abil-

ity above that of their ASD peers, whereas their

reading comprehension controlled for single-word

reading appears to remain equivalent. This develop-

mental progression may reflect the general language

abilities of individuals with ASD (Szatmari et al.,

1990), in which mechanical skills exceed more abstract

skills, and it may also reflect a lack of knowledge and

resources in how best to capitalize on and develop the

strengths of these particular children. Anecdotes from

parents suggest that in most cases, school programs do

not capitalize on the reading ability of children with

HPL, and in some cases actively discourage the chil-

dren’s often obsessive reading to promote more social

interaction. A number of families in the study were

actively seeking and even developing programs that

would capitalize on their children’s strength and

interest in reading to develop other oral and written

language skills in which the children demonstrate def-

icits. In fact, one parent reported that although her

child received a specific reading program at school, it

was a program designed to teach individuals with

dyslexia how to decode words—a program that the

child enjoyed, but that was teaching the very skills this

child had already mastered. Future work may discover

that this developmental trajectory may change with

appropriate interventions designed to engage these

children in their area of interest so as to develop their

areas of weakness.
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Finally, we must acknowledge the difficulty of find-

ing and recruiting individuals with HPL, of whom there

are relatively few. Correspondingly, we present our

data here in hopes of contributing to the field. How-

ever, we are fully aware of the preliminary nature of

our findings as a result of limitations in power and

incomplete data for some assessment indicators. More

studies with more conservative matching procedures

and more appropriate instruments for young children

will hopefully follow this work.

In summary, we view word recognition as an iso-

lated skill preserved in individuals with HPL and

developed by them at a young age, perhaps as a result

of deliberate (and often obsessive) practice. For

example, the parents of one of our youngest partici-

pants reported that he will not go anywhere without his

alphabet book—even sleeping on top of it every night.

They report that he reads it continuously throughout

each day and that they have bought numerous copies in

case one gets ruined or lost, as he becomes very dis-

tressed if separated from the book. Two families

reported that their young children would pull them

around parking lots to read all the numbers and letters

on the license plates. Other families spoke of obsessive

interests in letter and number blocks, of reading the

same books repeatedly, and reading every bit of print

the children see in their environment (e.g., signs,

notices, books, manuals). This intensive practice with

the printed word leads to a precocious ability to read

single words; however, our evidence suggests that

although they are reading earlier, these children are

engaging the same processes typically developing

readers (i.e., phonological and orthographic mapping)

do to recognize single words. What is less understood is

why this single-word reading is disconnected from

reading comprehension. Consistent with previous

research into both the oral and written language skills

of children with ASD (e.g., O’Connor & Hermelin,

1990), the more mechanical reading skills of word rec-

ognition are disconnected from the more abstract skills

of reading comprehension. This is inconsistent with

research into both typically developing and dyslexic

readers (Grigorenko, 2001; Pugh et al., 2001); however,

it is consistent with the oral language skills of children

with ASD who, by definition, have deficits in oral lan-

guage skills and in particular the more abstract aspects

of language (e.g., pragmatics, comprehension) (e.g.,

Szatmari et al., 1990). This suggests that our

understanding of models of reading development in

general will need to be understood not only in the

context of the underlying mechanical processes, but

also in the context of oral language and abstract

reasoning skills.
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