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A B S T R A C T

It is believed that children with poor decoding skills and adequate listening comprehension skills
exhibit a dyslexia-type syndrome. However, there is no consensus relating to the other problem
that arises: children who have exceptional decoding but poor listening comprehension.
Sometimes, these children have been labeled as “individuals exhibiting hyperlexia.” There is no
clear understanding of the following aspects of hyperlexia: a) population criteria (e.g., typically
vs. atypically developing children), b) specific criteria (e.g., precocity, definition of “good de-
coding”) on their associations with reading, and c) the applicability of reading theories to hy-
perlexia (e.g., phonemic awareness is critical in decoding; both decoding and listening com-
prehension contribute to reading comprehension). Therefore, we conducted a systematic and
meta-analytic review to explore these questions. We found that despite good decoding and verbal
short-term memory skills, individuals with hyperlexia exhibit poor listening, verbal working
memory, and reading comprehension skills. Also, all but three studies identified hyperlexics from
atypical developing populations; however, criteria to define “good decoding” varied and the
onset of precocious decoding behavior was not consistently reported. Our meta-regression ana-
lysis suggests that decoding still predicted the performance of reading comprehension after
controlling for listening comprehension, suggesting that the variations of defining “good de-
coding” led to different reading comprehension profiles (e.g., mild vs. severe reading compre-
hension deficit). Further, listening comprehension but not decoding is related to phonemic
awareness, which may be due to the difficulty of understanding phonemic awareness tasks.
However, it may also suggest that the current decoding theory is not applied to hyperlexia.
Future suggestions for hyperlexia research are provided.

1. Introduction

Silberberg and Silberberg (1967) were the first to coin the term ‘hyperlexia’ based on 20 children who showed precocity in their
decoding, even though their verbal functioning ability was lower than typically developing children, which would affect listening,
reading comprehension and other academic skills. This finding revealed that decoding ability could develop normally even in
children with developmental disorders. Therefore, originally the term “hyperlexia” only referred to those readers with low IQ but
precocious decoding skills.

Later in 1968, to quantify the criterion of identifying individuals with hyperlexia (i.e., hyperlexics), Silberberg and Silberberg
further specified that only children with a decoding score of 1–1.5 years above their corresponding grade level could be identified as
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hyperlexics. However, grade levels, as ordinal data, do not provide detailed and precise information. Also, this single criterion does
not justify how to describe hyperlexics' comprehension skills. Since then, some studies on hyperlexia have been published, but the
identification criteria debate has not ceased.

Needleman's (1982) criteria include the diagnosis of developmental disorders and the precocity of decoding as well as better
decoding than IQ levels. This definition is more comprehensive and clearer, which may be the reason why it is more accepted
compared to Silberberg and Silberberg (1968) definition (Snowling & Frith, 1986). However, some of these data (e.g., precocity of
reading) may be difficult to collect in empirical studies, and the understanding of “developmental disorder” varied across hyperlexia
research. Later, reading process was simplified to the product of decoding and listening comprehension, which is known as the Simple
View of Reading (SVR; Gough & Tunmer, 1986). In the SVR model, hyperlexia can be defined as having “good decoding but poor
listening and (as the product) poor reading comprehension skills.” The SVR's view on hyperlexia does not specify that the hyperlexics
need to show atypically developing syndromes (e.g., Autism Spectrum Disorder [ASD]), and it also has received support from re-
searchers (e.g., Catts, Hogan, & Fey, 2003; Hoover & Gough, 1990; Joshi & Aaron, 2000; Singh et al., 2017). Meanwhile, other
researchers still applied Needleman's (1982) criteria while identifying hyperlexia (e.g., Burd & Kerbeshian, 1985; Healy, 1982; Wong,
Weekes, Iao, To, & Su, 2013).

Using Needleman's criteria, Burd, Kerbeshian, and Fisher (1985) found that 6.6% ASD children in the state of North Dakota, U.S.
had hyperlexia. If this ratio is still valid, then the scarcity of hyperlexia research is not reasonable. One evidence is that the keyword
of “hyperlexia” searched on the Education Resource Information Center (ERIC) database yielded only eight published research studies
from 2008 to 2017, while the keyword search of “dyslexia” produced 1153 studies during the same time.

We propose that reconciling the conflicts is an urgent need for the productivity and quality of hyperlexia research. Therefore, the
current research aims to synthesize findings from the past 37 years. Our study is motivated by three aims: a) understand hyperlexia-
type reading and clarify the population criteria, b) understand if it is plausible to eliminate some criteria (e.g., precocity and IQ) so
the future research design can be simplified, and c) understand if the reading theories (e.g., the SVR) are applicable to hyperlexia.
Lastly, we hope to provide suggestions for future research.

2. Literature review

We begin by reviewing prevalent reading theories to introduce how reading and reading disorders are defined. The SVR model
(Gough & Tunmer, 1986) proposes that decoding and listening comprehension are essential components of reading comprehension,
and the role of decoding and listening comprehension in reading comprehension should be formulated as:

Reading comprehension (RC)=Decoding (D) x Listening Comprehension (LC)

In the SVR model, as shown above, decoding and listening comprehension can develop independently of one another, but the
multiplication sign “x” indicates that reading comprehension is the product of decoding and listening comprehension. If decoding is
poor, but listening comprehension is good, reading comprehension will be poor, and this explanation has been used to define dyslexia
in the SVR model. However, if listening comprehension is poor, but decoding is good, the reading comprehension will still be poor,
and this is how the SVR defines hyperlexia (Hoover & Gough, 1990).

The SVR model also defines the construct of each reading component. Decoding is to sound out nonwords and real words (Florit &
Cain, 2011), and popular decoding measurements are real word reading accuracy, nonword reading accuracy, and word or nonword
reading fluency (speed and accuracy; Braze et al., 2016; Florit & Cain, 2011; Gough, Hoover, & Peterson, 1996; Tunmer & Chapman,
2012). Listening comprehension is the ability to understand spoken language. It can be assessed through receptive vocabulary (e.g.,
listen to a word and identify the corresponding picture), expressive vocabulary (e.g., listen to a word and give an oral definition), as
well as receptive or expressive sentence- and discourse-level tests (Hoover & Gough, 1990; Tunmer & Chapman, 2012). Reading
comprehension as the product of decoding and listening comprehension is to sound out and understand written texts (Gough &
Tunmer, 1986). Therefore, it can be assessed by word, sentence and passage reading comprehension (Braze et al., 2016; Carver, 1998;
Floyd, Meisinger, Gregg, & Keit, 2012).

2.1. Decoding and dyslexia

How children achieve decoding has been well understood. For example, Share's self-teaching hypothesis (Share, 1995, 2008) states
that during early literacy development, children learn to apply graphene-to-phoneme correspondence (GPC; or orthographic-pho-
nological mapping) rules for the sake of attaching sounds to letters of an unfamiliar word; gradually, when children are proficient at
these rules, they decode fluently (i.e., fast and accurate; Share, 2008). The Triangle model of reading (Harm & Seidenberg, 2004;
Seidenberg & McClelland, 1989) further states that semantic-phonological mapping can also assist in decoding real words. For
example, when children remember the meaning of a word, the word's meaning can also be triggered to assist decoding. Therefore,
both orthographic-phonological and semantic-phonological mapping are critical when students learn to decode. Research has shown
that children apply different mapping strategies based on word familiarity or spelling regularity of the words. Semantic-phonological
mapping is applied when words are familiar or are not spelled based on letter-sound correspondence (i.e., irregular words), and
orthographic-phonological mapping is used when words are regularly spelled but may not be familiar to students (Bishop & Snowling,
2004; Ehri, 1992; Uhry, 2011).
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With a clear understanding of how decoding is learned, when investigating reading disorders, researchers tend to focus on
decoding problems (Bishop & Snowling, 2004). Although there were debates on why dyslexics show poor decoding (Elliott &
Grigorenko, 2014; Goswami, 2015; Vidyasagar & Pammer, 2010), more research studies support the core deficit of dyslexia is
phonemic awareness. Phonemic awareness is defined as the ability to manipulate individual sounds in spoken language and is the best
predictor of decoding among the phonological processing skills (Ehri et al., 2001; Hulme et al., 2002; National Reading Panel [NRP,
2000]; Ziegler & Goswami, 2005). Studies based on brain functions in dyslexia further show that the poor phonemic processing skills
originate from the reduced activation in the left temporal-parietal cortex and are independent of verbal IQ levels (Maisog, Einbinder,
Flowers, Turkeltaub, & Eden, 2008; Tanaka et al., 2011). This cortex can be re-activated when training of phonemic awareness
strategies is implemented (Temple et al., 2003). At the present time, dyslexia research focuses more on the correlates of dyslexia such
as whether their attention, math or memory skills are also poor (Siegel, 2006; Tunmer & Greaney, 2010). On the other hand,
hyperlexia is still in the definition debate phase and may have harmed the productivity and understanding of this reading disorder.

2.2. Population criteria of hyperlexia

The reason for the scarcity of hyperlexia research maybe due to the different perceptions of “poor listening comprehension.” For
example, “poor listening comprehension” can result from low IQ in atypically developing populations, but typically developing
children may also have poor listening comprehension that is due to poor vocabulary or syntactic skills. To clarify, in this paper,
“typically developing populations” are people who have no developmental disorder, and no IQ, social or behavioral deficits; “aty-
pically developing populations” refers to the groups that have ASD, Specific Language Impairments (SLI), or other types of devel-
opmental, neurological, or behavioral disorders.

Although the SVR does not specify population criteria, researchers have validated the SVR in a wide range of groups, including
typically developing, ASD, SLI, and Down Syndrome, and non-English speaking populations (Catts, Adlof, & Weismer, 2006; Florit &
Cain, 2011; Ricketts, Jones, Happé, & Charman, 2013; Roch & Levorato, 2009). Therefore, the SVR's definition may suggest that
hyperlexia can be identified from any population. However, Needleman (1982) suggested that hyperlexia should be identified in
atypically developing populations. Needleman's criteria included: “a) Occurs in developmental disordered population, b) early
manifestation (of decoding; age 2–5 years), c) (Decoding) emerges suddenly and is self-generated and d) (Decoding) is in advance of
cognitive or other language abilities” (p. 475). Therefore, reporting atypically developing syndromes such as developmental disorder
or showing precocious decoding is necessary. Empirical research that used the SVR definition may suggest that any individual who
meets the criteria of “good decoding and poor comprehension” could be identified as having hyperlexia, but those who used Nee-
dleman's criteria may only identify hyperlexia from atypically developing populations. Hence, the first clarification that needs to be
made is population criteria: If hyperlexia is defined in typically developing populations, hyperlexia research should focus on in-
vestigating the core deficit (perhaps vocabulary) that caused poor listening comprehension and provide remediation strategies. If
hyperlexia occurs in atypically developing populations only, the issue maybe complicated but the comorbidity of poor listening
comprehension and developmental disorders should be the area of focus.

2.3. Atypically developing syndromes

Even though some researchers may agree with Needleman's (1982) criteria, in empirical research, there are significant difficulties
in collecting data to meet all the criteria. For example, to investigate precocity of reading, one has to interview parents or guardians
(Richman & Wood, 2002). Moreover, the criterion “(Decoding) is in advance of cognitive or other language abilities” would require at
least two diagnostic assessments—decoding and IQ tests to determine if the level of decoding is higher than the IQ. Aaron (1989)
identified invariant (consistently reported) and variant (often but not consistently reported) syndromes from hyperlexia studies, and
the double discrepancy (i.e., high decoding but low comprehension ability) plus precocious reading behaviors are consistent iden-
tification criteria for hyperlexia whereas not all studies include ASD or other atypically developing features as identifiers. Later,
researchers tried to explain the reasons for hyperlexia and atypically developing syndrome comorbidities (e.g., ASD), but their
findings did not reach a consensus.

2.3.1. ASD and hyperlexia
With the findings in which ASD showed similar reading profiles as hyperlexics, some researchers equated ASD and hyperlexic

groups in reading research. For example, a meta-analysis of ASD studies conducted by Brown, Oram-Cardy, and Johnson (2013)
included studies of hyperlexics, alluding that the two groups had a similar reading profile.

Brain research studies have also shown comorbidity of ASD and hyperlexia. Samson, Mottron, Soulieres, and Zeffiro (2012)
conducted an activation likelihood estimation (ALE) meta-analysis on ASD readers and found that their visual processing-related
regions were more active than typically developing peers. Further, Turkeltaub et al. (2004) scanned the brain of a 9-year-old boy with
hyperlexia (with ASD) and found that his phonological and visual processing brain regions were both hyperactive. According to
Seidenberg and McClelland (1989), children must first visually process the letter patterns of words to attach sounds to these words
(also see Lachmann, Khera, Srinivasan, & Van Leeuwen, 2012). Therefore, perhaps the exceptional visual skills helped hyperlexics
process the letter patterns, and then the exceptional phonological processing abilities further helped the hyperlexics rapidly and
accurately attach sounds to these letters (Sparks, 2004).

The above studies suggested that both visual and phonological processing are necessary in decoding, and this view is supported in
research on typically developing readers (Berninger, Abbott, Nagy, & Carlisle, 2017; Lachmann et al., 2012). Also, individuals with
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hyperlexia (good visual and phonological processing) may have better decoding skills than ASD children (good visual processing
only). Research on hyperlexics supports this view (e.g., Burd, Fisher, Knowlton, & Kerbeshian, 1987; Cardoso-Martins & Da Silva,
2010; Enoch-Holman, 2004; Newman et al., 2007), and tends to separate ASD with hyperlexia (i.e., ASD + HPL) from ASD without
hyperlexia (ASD-HPL). Meanwhile, these researchers believe that hyperlexia is highly associated with ASD syndromes (Ostrolenk,
d’Arc, Jelenic, Samson, & Mottron, 2017). However, the reasons for the comorbidity of ASD and hyperlexia are unknown, such as why
the social interaction disabilities (ASD characteristics) and the exceptional decoding skills (hyperlexia characteristics) are associated
with each other.

2.3.2. Other atypically developing syndromes and hyperlexia
Nonetheless, Snowling and Frith (1986) argued that hyperlexia “is not a syndrome-specific phenomenon” (p. 410). Some hy-

perlexia cases were reported in Attention Deficit/Hyperactivity Disorder (ADHD), Turner's syndrome, 22q11.2 deletion syndrome, or
Specific Language Impairment (SLI) groups (Temple & Carney, 1996; Tobia, Brigstocke, Hulme, & Snowling, 2018; Åsberg Johnels,
Gillberg, & Kopp, 2017). It should be noted that the ADHD participants in Åsberg Johnels et al. (2017) showed poorer social
interaction skills and more communication errors than the ADHD participants without hyperlexia, and these deficits are also char-
acteristics of ASD. As no evidence has shown that ADHD syndromes are associated with visual or phonological skills (Helenius,
Laasonen, Hokkanen, Paetau, & Niemivirta, 2011), hyperlexia may still be related to ASD, as shown in Åsberg Johnels et al.’s (2017)
study.

However, Cohen, Hall, and Riccio (1997) identified hyperlexics from children with SLI (delay of language development), and
these children showed no social interaction deficits. Cohen et al. (1997) explained that some children with SLI may have good
decoding skills because of their exceptional visual memory skills, but this explanation has not been explored further. Other hy-
perlexics from Turner's syndrome (Temple & Carney, 1996) and Dysmorphic Facial characteristics (Santoro, Healey, & McGinley,
2016) groups also did not show ASD characteristics. Santoro et al.’s (2016) case even had poor visual memory, which is different from
the cases in Cohen et al.’s (1997) study. These research studies may suggest that social interaction or visual memory alone is not a
causal factor of hyperlexia.

2.3.3. Precocity and “giftedness”
Samson, Mottron, Soulières, and Zeffiro (2012) concluded that precocious decoding is also related to atypical hyperactivities in

phonological processing brain regions. Perhaps precocious decoding is also not specific to ASD, as it has also been observed in SLI and
Periventricular Leukomalacia (PVL) groups that had no ASD features (Cohen et al., 1997; Richman & Wood, 2002; Yokochi, 2000).

It may not be appropriate to label hyperlexics as “gifted children.” This is because gifted children often have IQ scores over 130
(Winner, 1997, p. 1071) while many individuals with hyperlexia have IQ scores below 70 (e.g., Cobrinik, 1982; Jones et al., 2009;
Needleman, 1982; Sparks, 2004; Worthy & Invernizzi, 1995). Therefore, precocious decoding may be just one feature of some
developmental disorders such as ASD. Healy (1982) coined the term “savant” to describe hyperlexics' precocious and good decoding
despite poor IQ and comprehension. However, the impact of precocity of reading on later reading development has not been studied.

2.4. Definition of “good decoding”

Different from precocity, developmental disorders, and IQ, “good decoding” as a basic feature of hyperlexia cannot be challenged.
Needleman's (1982) criteria may provide general guidelines and qualitative descriptors but do not give quantification on how much
“higher” decoding should be compared to IQ. To make this issue more complex, some researchers (e.g., Cardoso-Martins & Da Silva,
2010; Grigorenko et al., 2003) did not compare decoding with IQ but adopted other ways to define “good decoding.” In this section,
we summarize some prevalent quantification criteria of “good decoding”.

2.4.1. Decoding compared to self-IQ level
Cohen et al. (1997) as well as Grigorenko et al. (2003) identified hyperlexics through comparison between decoding and self-IQ as

Needleman (1982) had recommended. Nevertheless, researchers may quantify the discrepancy differently. Cohen et al. (1997)
suggested that hyperlexics should have a decoding score of 1 SD higher than nonverbal IQ while Grigorenko et al. (2003) proposed 2
SD. Instead of statistical comparisons, Welsh, Pennington, and Rogers (1987) mathematically calculated the discrepancy. Welsh and
colleagues computed the reading quotient (RQ) by dividing the decoding age equivalent score by the participants' IQ age score, and if
the quotient was over 1.2, the participants were identified as hyperlexics. However, this method has not received wide support.

The above-mentioned IQs are reported as full scale IQs; however, full scale IQ scores are based on verbal and performance
(nonverbal) IQ scores (i.e., VIQ and PIQ; Wechsler Intelligence Scale for Children [WISC, Wechsler,2003]), which further complicates
the role of IQ in hyperlexia. For example, Richman and Wood (2002) identified two subgroups of hyperlexics: a) the VIQ-decoding
discrepancy group that had poor VIQ but good PIQ and decoding skills, and b) the PIQ-decoding discrepancy group that had poor
PIQ, but good VIQ and decoding skills. Although VIQ and listening comprehension often have similar tests (e.g., expressive voca-
bulary) and thus VIQ should have an impact on reading comprehension based on the SVR, the role of PIQ skills (e.g., visual-spatial
processing) in reading has not been understood well.

2.4.2. Decoding compared to typically developing children
Studies that fall into this category typically have included typically developing individuals as control groups. Richman and

Kitchell (1981) identified individuals with hyperlexia by comparing decoding scores between the hyperlexics and typically
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developing children; specifically, given the precocity and the developmental disorder(s), if the participants' decoding skills were
significantly better than those of typically developing children, the former would be identified as hyperlexics. Lin (2014) specified the
gap to 1 standard deviation (SD), which means the hyperlexics should have a decoding score of 1 SD above that of typically de-
veloping peers. Cardoso-Martins and Da Silva (2010) and Naples (2009) suggested that “average” decoding skills could meet the
criterion of “good decoding skills.” Therefore, hyperlexics in these two studies have decoding skills matched with those of typically
developing children (given the precocity of decoding and atypical developing syndromes). Little is yet known about how “better
decoding” and “matched decoding” will produce any difference on other reading profiles of hyperlexics.

2.4.3. Decoding compared to comprehension level
Some researchers identify hyperlexics through comparisons between decoding and listening or reading comprehension skills (e.g.,

Abnett, 2013; Ng & Chia, 2014). These studies tend to align with the SVR, but some studies may identify listening and reading
comprehension as a composite “comprehension” construct but not differentiate them. Also aligned with the SVR is that these studies
tend to lack information about developmental disorders and precocity information, which means they may have recruited typically
developing children. One problem of these studies is that the term “poor comprehender” has been used in recent years to refer to a
“good decoder but poor comprehender” as well (Nation, 1999). Research has not reached a consensus as to whether a difference
should exist between the two terms, but recent studies tend to identify “poor comprehenders” from typically developing populations
(Spencer & Wagner, 2018).

3. Impact of criteria debate and the current research

3.1. Contradictory research findings

Definition debates on population criteria (typically vs. atypically developing), variations on specific syndromes (e.g., type of
disorder, precocious decoding) and different quantification criteria of decoding may have caused research to generate different or
even conflicting answers. For example, Turkeltaub et al.’s (2004) case of hyperlexia (with ASD and precocious decoding) demon-
strated exceptional IQs (VIQ=121, PIQ=130, Full IQ [FIQ]=127) and the participant's listening comprehension was advanced
(age equivalent score= 19 vs. chronological age=9). This participant may have used comprehension skills to assist word decoding,
as predicted by the Triangle model of reading (Harm & Seidenberg, 2004). By contrast, the participants in Ng and Chia's (2014) study
(mean chronological age= 9) had lower VIQ scores (mean VIQ=79.67) than Turkeltaub et al. ’s case and had no ASD or precocious
decoding reports. Also, Ng and Chia further implemented reading comprehension interventions to the hyperlexics and found them
effective, but Turkeltaub et al.’s case did not even have a reading comprehension problem. Therefore, the two studies may have
identified different groups as a result of definition conflicts. We suggest that if a common understanding of hyperlexia cannot be
reached, researchers will continue to define hyperlexia in various ways and then explore their research questions. As a result, these
research findings will still be hard to converge and thus interfere with our understanding of hyperlexia.

3.2. Lack of research on reading-related skills

Perhaps because of the definition debates, hyperlexia research that has investigated phonemic awareness, verbal memory, and
non-English languages is scarce. Although researchers well understood that phonemic awareness is the best predictor of decoding in
typically developing children, research that has attempted to understand if hyperlexics rely on phonemic awareness to decode is
limited. It seems intuitive to believe that phonemic awareness of hyperlexics is exceptional given their good decoding skills; however,
some studies have found that hyperlexics' phonemic awareness performance was poor (Cardoso-Martins & Da Silva, 2010; Newman
et al., 2007; Sparks, 2004), but Joshi, Padakannaya, and Nishanimath (2010) and Kennedy (2003) found that hyperlexics maintained
good phonemic awareness. Newman et al. (2007) believe that hyperlexics' phonemic awareness skills were intact, and the problem
was the understanding of phonemic awareness tasks. Sparks (2004) proposed that phonemic awareness of hyperlexics were indeed
poor, as “manipulations” skills may have touched on the domain of comprehension. Interestingly, “poor comprehenders” (identified
in typically developing children) did not seem to exhibit poor phonemic awareness (Hogan, Adlof, & Alonzo, 2014; Nation, Snowling,
& Clarke, 2007; Ricketts, Bishop, & Nation, 2008; Stothard & Hulme, 1995). Until now, no research has synthesized findings on
phonemic awareness of hyperlexics to show if this skill is poor across hyperlexics, or if poor listening comprehension has led to poor
performance in phonemic awareness tasks.

Verbal memory is defined as the capacity of storing and processing oral information (Daneman & Carpenter, 1980). According to
Carretti, Borella, Cornoldi, and De Beni (2009), verbal memory includes verbal short-term memory (e.g., recall digits in the presented
order) and verbal working memory (e.g., recall digits in the reverse order). When asked to apply GPC rules for decoding, typically
developing children with poor verbal memory may have difficulty retaining each sound in their memory long enough to be blended
into a whole word. Hyperlexics may show good verbal short-term memory but poor verbal working memory, as short-term memory
mainly relates to decoding but working memory also taps on comprehension domain (see Daneman & Merikle, 1996 and Peng et al.,
2018, for meta-analyses). However, no research has synthesized the findings on hyperlexics' verbal memory to show if the verbal
memory profile is consistent with their decoding or listening comprehension profile.

Also, most hyperlexia research has been conducted in alphabetic languages, where sounds are represented by written symbols
(letter or letter clusters; Joshi & Aaron, 2006; Share, 1995, 2008). These languages vary on the degree of letter-to-sound corre-
spondence, which may cause differences in decoding acquisition (Joshi & Aaron, 2006). In some languages such as Greek, Italian, and
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Spanish, one letter or letter cluster typically has only one way of decoding. These languages are referred to as “transparent alphabetic
languages” to represent their high letter-sound correspondence level. By contrast, “opaque alphabetic languages” such as English
have an inconsistent letter-to-sound relationship because some of their letters or letter clusters can represent more than one sound
(Ziegler & Goswami, 2005).

Hyperlexia has been reported in transparent languages (Naples, 2009; Talero-Gutierrez, 2006; Zuccarello et al., 2015; Åsberg
Johnels & Miniscalco, 2014), but the majority of cases were reported in English monolinguals (Catts et al., 2003; Chia & Kee, 2013;
Cohen et al., 1997; Healy, 1982; Needleman, 1982). Due to the low letter-to-sound consistency, typically developing children in
English take more time to develop intact decoding skills compared to their counterparts in transparent alphabetic languages
(Seymour, Aro, & Erskine, 2003; Share, 2008; Ziegler & Goswami, 2005). Despite the fact that the SVR asserts that the contribution of
decoding and listening comprehension to reading comprehension is independent of one another (Catts et al., 2003; Gough & Tunmer,
1986; Hoover & Gough, 1990), the joint effect of hyperlexics' advanced decoding level and the high consistency of letter-to-sound
correspondence may lead hyperlexics in transparent alphabetic language to be different from English hyperlexics on reading com-
prehension profiles. Non-alphabetic languages such as Chinese-Mandarin (Lin, 2014), Chinese-Cantonese (Wong et al., 2013) and
Japanese (Yokochi, 2000) also reported individual cases of hyperlexia. However, these studies rarely report group-based outcomes,
which may be due to the criteria debates.

3.3. Significance of the current study

To sum up, different understandings of population criteria (typically vs. atypically developing), specific syndromes (e.g., type of
disorder, precocious decoding, IQ) and quantification of decoding may have impeded the development of hyperlexia research, as
empirical research has no clear guideline to follow. Therefore, reconciling hyperlexia debates can help researchers to follow unified
criteria so that contradictory findings can be avoided, and then researchers can proceed to understand hyperlexics' performance in
phonemic awareness, verbal memory, and in languages other than English. Investigating phonemic awareness and verbal memory is
critical to understanding why hyperlexics can achieve decoding, especially when many hyperlexics may show precocious decoding
even though phonemic awareness has not been fully developed. If decoding and phonemic awareness are not related, current de-
coding theories (e.g., Self-teaching hypothesis, triangle model of reading) that propose that phonemic awareness and decoding are
related may not be applied to hyperlexia. Then reading theories may need to consider hyperlexics as a special group and develop
specific theories that explore their “learning to read” routes.

As stated, the role of decoding in reading comprehension has been validated in different developmental disorder groups (Cardoso-
Martins & Mervis, 2018; Mervis & Cardoso-Martins, 2018; Palikara, Dockrell, & Lindsay, 2011; Ricketts et al., 2013; Roch & Levorato,
2009). As hyperlexics are often identified from these groups, their decoding skills may also predict their reading comprehension.
Then, if reading comprehension is a product of decoding and listening comprehension in any population, the difference on quan-
tifying “good decoding” may be problematic, as it may have led to different reading comprehension ability. However, before an SVR
investigation on hyperlexics can be performed, we suggest that the population criteria need to be clearly defined (i.e., typically vs.
atypically developing) to reduce bias. Therefore, we ask our research questions as follows.

RQ 1: What is the comprehensive reading profile of individuals with hyperlexia? How consistent are researchers in defining and
identifying hyperlexia? How does each specific criterion (e.g., “good decoding,” PIQ levels) affect reading comprehension pro-
files?
RQ 2: How are decoding and listening comprehension related to phonemic awareness and reading comprehension profiles among
individuals with hyperlexia?

4. Data source and method

The current study adopted a systematic and meta-analytic procedure. First, we investigated the case studies and group-based
studies of hyperlexia. We synthesized the coding results into matrixes to observe the consistency of the criteria. Second, we filtered
the qualified studies for a meta-analysis to reconcile the research conflicts. We then explored if the inconsistencies of criteria would
affect reading comprehension profiles.

4.1. Systematic review procedure

Studies included in Step 1 (systematic review) met the following criteria: (a) Were published in academic journals, dissertations,
conference papers, and books between 1981 and 2017; (b) have claimed the existence of hyperlexia, irrespective of what criteria were
followed (e.g., Gough & Tunmer, 1986; Needleman, 1982; Silberberg & Silberberg, 1967, 1968); (c) should have reported at least one
hyperlexic participant's qualitative or quantitative information of reading skills; and (d) have been published in English.

The following databases were examined to select studies: ERIC, Education Resource, EBSCO, PyscINFO and Web of Science. We
also checked previous reviews on the topic of ASD and hyperlexics (Brown et al., 2013; Ostrolenk et al., 2017). We extracted articles
with a keyword “hyperlexia” or “hyperlexic” either in the title or in the abstract. This search yielded 240 articles. By looking into the
abstracts and contents, we found 70 articles and 74 independent studies that met our standard.

S. Zhang, R.M. Joshi Journal of Neurolinguistics 49 (2019) 1–28

6



4.1.1. Coding of precocity
According to Needleman (1982), to be considered as “precocious,” one needs to show the onset of decoding skills before five years

of age or younger. In other words, children with decoding precocity can read aloud words before they receive formal school in-
struction. We entered a “yes” to the cell under the column of “precocious decoding” if the participants showed such behavior.

4.1.2. Coding of decoding skill
We entered specific descriptions of decoding skills to the cell under the column of “decoding descriptor.” For example, the

decoding skill descriptor of Tirosh and Canby (1993) was entered as “1 SD higher than VIQ.” If specific values were missing in the
identification but the decoding was qualitatively described, we followed the studies' reports and entered as “precocious only,”
“matched with typically developing readers,” “higher than typically developing readers,” “higher than IQ,” “higher than compre-
hension (type not specified),” and “higher than reading comprehension.”

4.1.3. Coding of population
We entered the population criteria to the cell under the column of “population.” Therefore, syndromes such as ASD, ADHD, SLI,

Turner's syndrome, Periventricular leukomalacia were entered in this column.

4.1.4. Coding of IQ
We entered the values of VIQ, PIQ, and FIQ under the column “IQ.” The IQ scores were coded based on the standard scores of

WISC or WAIS irrespective of their versions. These scores have a mean of 100 and standard deviation of 15. If IQ scores from WISC or
WAIS were not available, other test scores such as Raven's Progressive Matrices test were coded (we provided notes for which test
scores used). However, only WISC or WAIS scores were used for subsequent analyses and calculations.

4.2. Systematic review results

Step 1 results are summarized in Table 1. The total number of individuals with hyperlexia across studies was 545. The mean age
based on the available data was 10.25 years (SD=5.46; range=3.92–39 years). There were 72 females (18.27%) and 322 males
(81.73%), and the remaining 151 cases had no gender information.

Among the 74 included studies, 71 studies were from atypically developing populations (95.95%). Forty-eight studies (64.86%)
identified hyperlexics from ASD samples or had hyperlexics showing ASD-like syndromes. Other developmental disorders included
ADHD (Cohen, Campbell, & Gelardo, 1987), Turner's syndrome (Temple & Carney, 1996), West syndrome (Ichiba, 1990), Right Brain
Tumor and Hydrocephalus (Kennedy, 2003), Periventricular Leukomalacia and Spastic Diplegia (Yokochi, 2000), Torette syndrome
(Burd & Kerbeshian, 1988), 22q 11.2 Deletion syndrome (Tobia et al., 2018), Prader-Will syndrome (Burd & Kerbeshian, 1989),
Hypergraphia (Burd & Kerbeshian, 1985; Whitehouse & Harris, 1984), and FIQ disability with no other diagnoses (Snowling & Frith,
1986). Twelve studies (16.22%) identified hyperlexics from participants who had SLI (e.g., Cohen et al., 1997; Prasad & Srivastava,
1992; Richman & Wood, 2002). Only three (4.05%) studies reported hyperlexia from participants that had no reports of develop-
mental disorders or SLI.

Also, the majority of the studies identified hyperlexics from English monolinguals (n=56; 75.68%). Other language groups
include Chinese-Mandarin (n=1), Chinese-Cantonese (n=2), Japanese (n=2), Italian (n=3), Russian (n=1), Spanish (n=1),
Swedish (n=2), Korean (n=1), Portuguese (n=3), a Kannada-English bilingual (n=1) case and a Dutch-French-English trilingual
(n=1) case.

Further, the majority of the 74 studies reported at least one type of IQ (n=51; 81.2%). The mean WISCe or WAIS- VIQ score was
80.27 (SD=17.19; range= 55.00–127.00), PIQ was 83.24 (SD=21.22; range= 49.00–123.50), and FIQ was 78.77 (SD=20.16;
range= 48.00–130.00).

In total, 49 studies (66.22%) reported precocious decoding, with only 24 of the 42 group-based studies reported this criterion. But
the highest inconsistency existed on “good decoding” descriptor. These descriptors varied from simple notes (e.g., “precocious only; ”
“advanced decoding, poor comprehension; ” “higher than typically developing readers”) to specific quantitative identifiers (e.g.,
“decoding was 1.27 SD higher than the comparison group; ” “standard decoding score is 10 points higher than the reading com-
prehension score”). These reports can be generally classified as “matched with typically developing readers”, “more advanced than
typically developing readers”, “more advanced than listening or reading comprehension level”, “more advanced than IQ level” and
“more advanced than chronological age” (also see Table 1, for specifics). Therefore, although most studies have aligned their criteria
with Needleman's (1982) guideline, the largest variation occurred among decoding descriptors, as there are six types of categories.

4.3. Meta-analysis coding procedure

In Step 2 (meta-analysis), we looked for empirical studies within the 74 coded studies. Eligible studies should have included the
mean, standard deviation and sample size of both typically developing (control group) and hyperlexic groups. If either the mean or
standard deviation is missing, we looked for group comparing statistics such as t and F values and transformed them to effect sizes
based on Lipsey and Wilson's (2001) instructions. If control groups were not included in a study or their statistic information was
incomplete, we used Brown et al.’s (2013) approach to use normative sample of a test (e.g., PPVT-R for vocabulary) to build the
control group; also, sample size of the control group is set as the same with the hyperlexic group for a balanced design (see Reid,
Gonzalez, Nordness, Trout, & Epstein, 2004, for the same approach). However, this method was applied only to tests that used
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standard test scores (M=100; SD=15). Further, to ensure interrater reliability, one trained graduate student also coded the studies.
The hyperlexic group and control group information is shown in Table 2. We also re-coded the atypically developing syndromes to
“ASD,” “ADHD,” “Turner's syndrome,” “SLI,” and “Mixed” (i.e., ASD, SLI or other disorders are in one study sample), which was done
for the convenience of moderator analyses.

4.4. Outcome variables

We then investigated the difference between hyperlexics and typically developing readers on the following reading or reading-
related skills: a) Decoding, b) listening comprehension, c) reading comprehension, d) verbal memory, and e) phonemic awareness.
We acknowledge the ongoing measurement debates (e.g., whether listening comprehension should be measured by oral expression or
picture matching; Tunmer & Chapman, 2012), so we also calculated the effect size of each variable in decoding, listening compre-
hension, verbal memory and reading comprehension to examine heterogeneities within each construct.

4.4.1. Decoding, listening comprehension and reading comprehension
In the current meta-analysis, we considered that nonword, word reading and fluency are valid measures of decoding (Georgiou,

Das, & Heyward, 2009; Protopapas, Mousaki, Sideridis, Kotsolakou, & Simos, 2013). Also, both receptive (i.e., identify pictures based
on the oral commands) and expressive measures (e.g., orally define a word) are treated as listening comprehension measures.

Reading comprehension is typically measured by two constructs: sentence-level (e.g., fill out a missing prepositional word to
connect two clauses) and passage-level comprehension (e.g., inferential questions based on the context clues; Marzola, 2011). But
other SVR validation studies also used word reading comprehension as a reading comprehension measure (Carver, 1998; Floyd,
Meisinger, Gregg, & Keit, 2012). The current meta-analysis considered these measures as reading comprehension measures and
reported the composite value as well as word, sentence and passage reading comprehension effects to examine any possible dif-
ferences. Based on our coding, no hyperlexia study has utilized sentence reading comprehension.

4.4.2. Phonemic awareness and verbal memory
Phonemic awareness tasks include sound identification (call out a sound in a word), deletion (say a word without a sound),

segmentation (say the sounds of word one by one) and blending tasks (blend sounds to form the sound of a word). Verbal memory
includes verbal short-term and working memory (Carretti et al., 2009). Verbal short-term memory tasks include forward digit span
and word (or nonword) repetition tasks, and verbal working memory tasks include backward digit span and sentence memory
(answer a comprehension question and then recall the last word of a sentence). These tasks are categorized based on Carretti et al.’s
(2009) guideline in their meta-analysis.

4.5. Model selection and effect size calculation

Random effect models are plausible in this research as the individuals with hyperlexia are identified from different populations
(Borenstein, Hedges, Higgins, & Rothstein, & 2009; Lipsey & Wilson, 2001). We calculated Hedges' g instead of Cohen's d for it is more
tolerable to small sample sizes (Hedges, 1984; Lipsey & Wilson, 2001). R package “Metafor” (Viechtbauer, 2010) was used for all
analyses.

4.6. Heterogeneity

To test for heterogeneities within each construct, we calculated Q within, and tau2 statistics. The Q within statistic and its associated
p value can test the significance of heterogeneity across studies, and the tau2 statistic can assess the true between-study variances
(Borenstein, Hedges, Higgins, & Rothstein, 2009).

4.7. Publication bias

Three methods for detecting publication bias were adopted: Rosenthal's Fail-safe N analysis (Rosenthal, 1979), Orwin's Fail-safe N
analysis (Orwin, 1983), and Duval and Tweedie's (2000) Trim and Fill analysis. The Fail-safe N analyses estimated the number of
studies that were unpublished but had statistically non-significant results (i.e., p > 0.05 for Rosenthal's, and we set effect size <
0.10 for Orwin's).

The Trim and Fill analysis plots the distribution of effect sizes (X axis: Hedge's g; Y axis: standard error). This analysis assumes all
effect size distributions as normal, and thus will adjust the plots when non-normal distribution appears. Then the effect size would be
adjusted to a larger or smaller number. In our sample, if the Trim and Fill method adjusted the effect size to a small number
(confidence interval includes 0), our analysis may have missed studies that reported higher effect sizes (i.e., favoring hyperlexics;
Duval & Tweedie, 2000).

4.8. Moderator effects

We selected four variables that were relevant to the definition debate of hyperlexia in moderator analyses: Precocious reading
reports (reported vs. no reports), syndromes of developmental disorder or language impairment (ASD, other developmental disorders,
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language delay, samples that have a mixed type of disorder), performance IQ scores and language type (opaque vs. transparent).
Additionally, we investigated the influence of decoding and listening comprehension on phonemic awareness. Each moderator was
investigated via simple linear regression analyses (i.e., meta-regression).

To examine the effect of various decoding criteria on reading comprehension, we investigated the effect of decoding on reading
comprehension, controlling for listening comprehension, in a meta-regression model (analogous to multiple regression). As five
studies missed listening comprehension reports, we performed multiple imputation for missing effect sizes by using SAS proc MI
function (see Ellington et al., 2015, for a validation of using imputation for meta-regression). The moderator effect is valid when the
variable(s) significantly predicted the variance of reading comprehension or phonemic awareness in a random-effect model.

5. Meta-analysis results

5.1. Descriptive statistics

Twenty-six studies were included in Step 2 (meta-analysis). The sample size of hyperlexics was 257 (age: M=9.46, SD=2.93).
These participants were all identified from atypically developing populations. The sample size of control groups was 392 (age:
M=9.09, SD=2.34). Based on the available data, hyperlexia groups had 73% males and 27% females, and this percentage was 75%
and 25% in control groups, respectively. According to Table 2, typically developing readers as control groups had no reports of
language delays or developmental disorders, although some control groups did not match with hyperlexics on decoding, gender,

Table 3a
Effect sizes (Hedge's g) and 95% CI of reading and related skills.

Study Decoding Listening
comprehension

Reading
comprehension

Verbal memory Phonemic awareness

Åsberg Johnels et al. (2017) 0.45 [-0.44, 1.33] −0.10 [-0.98, 0.78] −1.25 [-2.21, −0.30] n/a n/a
Cardoso-Martins and Da Silva

(2010) study 1
−0.14 [-1.27, 1.00] −1.31 [-2.55, −0.06] −2.35 [-3.82, −0.88] 0.41 [-0.73, 1.55] −1.11 [-2.33, 0.10]

Cardoso-Martins and Da Silva
(2010) study 2

−0.50 [-1.96, 0.96] −4.70 [-6.69, −2.72] −3.87 [-5.70, −2.04] 0.06 [-1.39, 1.51] −10.52 [-13.89,
−7.15]

Castles et al. (2010) −0.54 [-2.03, 0.96] −2.88 [-5.17, −0.60] −2.47 [-4.20, −0.73] n/a n/a
Cobrinik (1982) 1.78 [ 0.71, 2.84] n/a n/a n/a n/a
Cohen et al. (1987) 1.92 [0.42, 3.41] −2.26 [-3.85, −0.67] −1.56 [-3.38, 0.27] −1.24 [-2.63, 0.15] n/a
Cohen et al. (1997) 0.64 [-0.07, 1.35] −2.29 [-3.18, −1.40] −1.25 [-2.21, −0.30] −0.88 [-1.61,

−0.16]
n/a

Enoch-Holman (2004) −0.84 [-2.02, 0.34] −1.29 [-2.53, −0.04] −1.46 [-2.73, −0.19] −1.38 [-2.64,
−0.12]

−1.19 [-2.42, 0.04]

Glosser et al. (1996) −0.34 [-2.40, 1.72] −3.29 [-5.76, −0.82] −2.69 [-5.04, −0.35] 0.00 [-2.06, 2.06] n/a
Grigorenko et al. (2003) 0.50 [-0.32, 1.31] −1.25 [-2.51, 0.02] n/a n/a n/a
Jones et al. (2009) −0.74 [-1.50, 0.03] n/a −1.67 [-2.54, −0.81] n/a n/a
Lee and Hwang (2015) 0.07 [-0.81, 0.94] n/a n/a n/a n/a
Naples (2009) −0.01 [-1.17, 1.15] −0.80 [-2.00, 0.40] −0.72 [-1.91, 0.47] −0.48 [-1.78, 0.82] −0.19 [-1.35, 0.97]
Newman et al. (2007) 0.19 [-0.45, 0.84] −0.30 [-0.94, 0.34] −0.26 [-0.89, 0.38] 0.02 [-0.66, 0.70] −0.09 [-0.88, 0.69]
Richman and Kitchell (1981) n/a n/a n/a 0.22 [-0.46, 0.90] n/a
Richman and Wood (2002) Verbal

IQ impaired group
n/a −1.81 [-2.81, −0.82] n/a 0.51 [-0.20, 1.21] n/a

Richman and Wood (2002)
Nonverbal IQ impaired group

n/a 0.87 [0.20,1.53] n/a 0.72 [ 0.03, 1.40] n/a

Saldaña et al. (2009) −0.50 [-1.41, 0.41] −1.79 [-2.88, −0.70] −3.12 [-4.48, −1.76] −0.28 [-1.21, 0.66] −0.40 [-1.32, 0.51]
Snowling and Frith (1986) 0.61 [-0.50, 1.72] n/a −1.34 [-2.36, −0.31] n/a n/a
Sparks (2004) 0.11 [-1.49, 1.71] −1.43 [-3.22, 0.36] −1.53 [-3.35, 0.29] −0.26 [-1.87, 1.35] −2.06 [ −4.04,

−0.08]
Temple and Carney (1996) 1.01 [ 0.21, 1.81] n/a 0.64 [-0.13, 1.42] n/a n/a
Tobia et al. (2018) −0.43 [-1.10, 0.24] −1.25 [-1.97, −0.54] n/a n/a n/a
Wei et al. (2015) 0.06 [-0.74, 0.86] n/a −1.22 [-2.09, −0.35] n/a n/a
Welsh et al. (1987) 1.24 [-0.12, 2.59] −1.02 [-2.34, 0.30] −0.34 [-1.59, 0.91] n/a n/a
Zuccarello et al. (2015) ASD

average IQ group
−0.15 [-0.92, 0.62] n/a −0.40 [-1.14, 0.34] n/a n/a

Zuccarello et al. (2015) ASD
lower extreme IQ group

−0.15 [-0.83, 0.52] n/a −1.45 [-2.20, −0.69] n/a n/a

Overall effect 0.16 [-0.11, 0.44] −1.38 [-1.97, −0.80] −1.31 [-1.76, −0.85] −0.10 [-0.48, 0.26] −1.51 [-2.72, −0.31]
Q within 41.18 74.38 58.95 21.37 38.95
p Q within 0.01* < 0.001*** < 0.001*** 0.05* < 0.001***
tau2 0.20 1.07 0.65 0.18 2.05
Normative sample vs. Study-

recruited control groups
p Q between= 0.54 p Q between= 0.30 p Q between= 0.22 p Q between= 0.88 p Q between= 0.62

Note. Q between=Between group heterogeneity.
*p < 0.05; **p < 0.01; ***p < 0.001.
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sample size or chronological age (see Table 2, for details).
The results of composite reading and reading-related skills are shown in Table 3a, with the positive signs indicating a favor to the

hyperlexic group. Forest plots of these skills are presented in Fig. 1a–e. The effect sizes of all skills showed between-study hetero-
geneity (ps of Q between < 0.05; tau2 values > 0.18) so that we can perform moderator analyses, but the type of control group
(normative sample vs. study-recruited sample) did not alter the results (ps of Q between > .20; see Table 3a).

Fig. 1. (a). Forest plot of decoding; HPL″ represents hyperlexics, “TD” represents typical developing students. (b). Forest plot of listening com-
prehension; “HPL”=Hyperlexics, “TD”=Typical developing population. (c). forest plot of reading comprehension; “HPL”=Hyperlexics,
“TD”=Typical developing students. (d). Forest plot of verbal memory; “HPL”=Hyperlexics; “TD”=Typical developing students. (e). Forest plot
of phonemic awareness. “HPL”=hyperlexics, “TD”=typical developing students.
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5.2. Profiles of reading

Decoding performance of hyperlexics (n=23) was not significantly different from control groups (g=0.16, CI= [-0.11, 0.44]).
The listening comprehension (n=17) comparison generated a Hedges' g of −1.38 (CI= [-1.97, −0.80]) indicating hyperlexics'
impaired listening comprehension ability. Reading comprehension (n=19) comparison yielded a Hedge's g of −1.31 (CI= [-1.76,
−0.85]), also signaling large impairments. The verbal memory capacity (n=13) comparison yielded no statistical difference
(g=−0.10; CI= [-0.48, 0.26]). Another skill that hyperlexics were far below typically developing readers was phonemic awareness
(n=7; g=−1.51; CI= [-2.72, −0.31]. In summary, hyperlexics' listening comprehension, reading comprehension, and phonemic
awareness were poorer than typically developing readers, but the two groups shared a similar ability of verbal memory and decoding.

Table 3b shows variable results of decoding, listening, reading comprehension and verbal memory. Variable comparisons in
decoding (real word, nonword, and fluency of decoding), listening comprehension (receptive vocabulary, oral vocabulary definition,

Fig. 1. (continued)
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syntactic awareness, and passage listening comprehension) and reading comprehension (word reading comprehension and passage
listening comprehension) did not yield effect size differences (ps of Q between > 0.05). However, verbal short-term and working
memory yielded different results (Q between= 5.23, p Q between= 0.02 < 0.05). From Table 4b, verbal short-term memory skills of
hyperlexics were matched with those of typically developing peers (g=−0.07; CI= [-1.03; 0.90]), but verbal working memory was
much lower than the control groups (g=−1.51, CI= [-2.32; −0.73]). Therefore, subsequent analyses will treat verbal working
memory and verbal short-term memory as two different skills.

5.3. Publication bias

Publication bias tests were conducted on listening comprehension, reading comprehension, phonemic awareness and verbal
working memory (i.e., skills that hyperlexics were evidentially lower than typically developing peers). For listening comprehension,
the Rosenthal's Fail-safe N analysis yielded a result of 483 to make the p value of the group discrepancy larger than 0.05, which meant
that the significant difference for listening comprehension ability would be eliminated only when having 483 unpublished, statis-
tically non-significant studies. Also, Rosenthal's analysis generated the study number of 643 for reading comprehension. Considering
the difficulties of collecting hyperlexic samples, we maintained no possibility that there were more than 643 unpublished statistically
non-significant studies. Therefore, the Rosenthal's Fail-safe N analysis showed no threat to the validity of listening comprehension

Fig. 1. (continued)

Table 3b
Variable effect sizes of decoding, listening comprehension, reading comprehension and verbal memory.

Decoding Number of measures Effect sizes 95% CI Between variable variation

Word reading 21 0.15 [-0.05; 0.36] Q between= 1.52; p Q between= 0.47
Nonword reading 10 0.11 [-0.18; 0.41]
Fluency of word/nonword reading 4 −0.25 [-0.64; 0.14]
Listening comprehension
Receptive vocabulary 14 −1.45 [-2.44; −0.85] Q between= 2.37; p Q between= 0.67
Oral vocabulary 8 −1.49 [-1.79; −0.79]
Oral cloze 1 −1.29 [-3.30; 0.32]
Syntactic skills 1 −1.49 [-3.19; 0.38]
Passage listening comprehension 1 −2.04 [-4.01; −0.06]
Reading comprehension
Word reading comprehension 6 −1.41 [-3.07; 0.26] Q between= 0.15; p Q between= 0.70
Passage reading comprehension 13 −1.06 [-1.55; −0.57]
Verbal memory
Verbal short-term memory 7 −0.07 [-1.03; 0.90] Q between= 5.23; p Q between = 0.02*
Verbal working memory 5 −1.53 [-2.32; −0.73]

Note. Q between=Between-group heterogeneity.
*p < 0.05; **p < 0.01; ***p < 0.001.
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and reading comprehension. In Orwin's Fail-safe N, effect size larger than −0.10 was used as a non-significant statistical threshold
(i.e., typically developing peers were 0.10 effect size better than hyperlexic groups on the two comprehension skills). This analysis
yielded a need for 253 non-significant studies for listening comprehension and 264 for reading comprehension. Again, neither
number was plausible. Rosenthal's Fail-safe N analyses for phonemic awareness and verbal working memory yielded 59 and 62 non-
significant statistical studies, and Orwin's analyses yielded 149 and 73. These numbers signaled for more potential threats if we were
doing a meta-analysis on other populations, but it should not be a threat to the field of hyperlexia due to the scarcity of quantitative
investigations.

As Fig. 2 shows, the “filling” happened on listening comprehension, reading comprehension, and phonemic awareness. In total,
seven studies for listening comprehension were “filled” to the right side (favoring hyperlexics) of the mean Hedge's g, and the Hedge's
g changed from −1.38 to −0.60; CI= [-1.20, 0.01]). Eight studies for reading comprehension were “filled” to the right side of the
mean Hedge's g, and the mean Hedge's g changed from −1.31 to −0.76; CI= [-1.22, −0.30]). Two studies for phonemic awareness
were “filled” to the right side of the mean Hedge's g, and the Hedge's g became non-significant (g changed from −1.51 to −0.37;
CI= [-0.82, 0.08]).

The publication bias was not validated in verbal working memory as there were no studies suggested to adjust. Also, the adjusted
confidence interval of reading comprehension excluded 0, so the reading comprehension also had evidence against publication bias
(Peters, Sutton, Jones, Abrams, & Rushton, 2007; Terrin, Schmid, Lau, & Ingram, 2003). However, there may be studies that we could
not include reported higher listening comprehension and phonemic awareness (i.e., favoring hyperlexics) than the mean Hedges' gs of
these two skills (Borenstein et al., 2009). The publication bias threat of listening comprehension is no longer present when we
removed a study that reported much higher listening comprehension than the comparison group (adjusted g=−0.95; CI= [-1.48,
−0.43]).

Fig. 2. Funnel Plots (Uncolored dots are “filled” studies).
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5.4. Moderator analysis

Table 4a lists the results of moderator investigations on reading comprehension. Turner's syndrome group had higher reading
comprehension skills than ASD groups (Turner's syndrome: g=0.64, CI= [-0.13, 1.42]; ASD: g=−1.43, CI= [-1.96, −0.90]). PIQ
is marginally predicting reading comprehension (β=0.03; CI= [0.01, 0.06]). Precocity or language type did not moderate reading
comprehension comparison results.

Table 4b shows the results of moderator analyses on phonemic awareness. It was listening comprehension, but not decoding that
explained the phonemic awareness (decoding: β=1.80, p=0.30, CI= [-1.74, 5.65]; listening comprehension: β=2.35,
p < 0.001, CI= [1.51, 3.20]).

As Table 4c shows, both decoding and listening comprehension significantly explained the variance of reading comprehension
(decoding: β=0.79, p < 0.001, CI= [0.38, 0.84]; listening comprehension: β=0.44, p < 0.001, CI= [0.32, 0.56]).

6. Discussion

The current research adopted a systematic and meta-analytic approach to reconcile the debates of hyperlexia research. Then we
provided a comprehensive reading profile and investigated how identification inconsistencies may affect these profiles. We further
attempted to understand if decoding and listening comprehension are related to phonemic awareness and reading comprehension,
and thus examine if hyperlexia-type reading is consistent with current reading models such as SVR. These findings may also suggest a
difference between poor comprehenders and hyperlexics.

6.1. Hyperlexics' comprehensive reading profile and the impact of criteria debates

When investigating the RQ1 (What is the comprehensive reading profile of individuals with hyperlexia? How consistent are researchers in
defining and identifying hyperlexia? How does each specific criterion affect reading comprehension profiles?), we found that despite good
decoding and verbal short-term memory skills, individuals with hyperlexia exhibit poor listening, verbal working memory, and
reading comprehension skills. Also, very few studies (n=3; 4.34%) identified individuals with hyperlexia from typically developing
children. These results should have reconciled some conflicts, suggesting that hyperlexia research tend to agree with “good decoding
and poor listening comprehension” and should identify hyperlexics from atypically developing students. We, therefore, suggest that

Table 4a
Effects of definition debates on reading comprehension.

df β 95% CI Q between P value of β

PIQ 10 0.03 [0.01, 0.06] 5.99 0.01*

Types of developmental disorder n Effect Size 95% CI Q between p Q between

ASD 13 −1.43 [-1.96, −0.90] 21.79 <0.001***
ADHD 1 −0.28 [-2.14, 1.57]
Turner's syndrome 1 0.64 [-0.13; 1.42]
SLI 3 −1.48 [-2.38, −0.68]
Mixed type 1 −1.25 [-2.21, −0.30]

Report of precocious reading n Effect Size 95% CI Q between p Q between

No report 9 −1.25 [-1.92, −0.58] 0.08 0.78
Precocious decoding 10 −1.38 [-2.04, −0.73]

Language type n Effect Size 95% CI Q between p Q between

English 13 −1.25 [-1.83, −0.66] 0.17 0.68
Transparent languages 6 −1.45 [-2.23, −0.68]

Note. Q between=Between-group heterogeneity.
*p < 0.05; **p < 0.01; ***p < 0.001.

Table 4b
Effect of decoding and listening comprehension on phonemic awareness.

β CI SE P value of β

Decoding 1.96 [-1.74, 5.65] 0.8 0.3

Listening comprehension 2.17 [1.21, 3.13] 0.49 <0.001***

*p < 0.05; **p < 0.01; ***p < 0.001.
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this is the basic guideline to follow for future hyperlexia research.
When looking into our included studies, we found that the definition debates indeed affected empirical research, and caused

conflicting results. First, although researchers agree that hyperlexics have good decoding skills, the ways to look for “good decoders”
varied (See Table 1). Also, we found that one study reported the hyperlexics' listening comprehension was even higher than typically
developing readers (See Table 3a). This may be due to the fact that this study only used the criteria of “exceptional decoding” (similar
to Silberberg & Silberberg's, 1968) but did not control for comprehension abilities. As shown in the publication bias analysis (see
Fig. 2), we found several studies (that we were unable to include) may have reported higher listening and reading comprehension
than the control groups (e.g., the case in Turkeltaub et al., 2004). Therefore, our guidelines may help future hyperlexia research to
follow the trend and avoid identifying participants who have good listening comprehension.

Except for three studies that included typically developing children, all other studies had hyperlexics identified from various
atypically developing populations (e.g., ASD, ADHD, Turner's syndrome, SLI), and VIQ and PIQ were both varied. Some incon-
sistencies occurred on precocity (66.22% reported vs. 33.78% not reported). However, our meta-regression analyses on reading
comprehension suggest that the effect sizes did not alter by the syndrome type (except for one Turner's syndrome case), precocious
decoding, or language type. As the Turner's syndrome case had good reading comprehension (g=0.64), this again may not be a
hyperlexic case. Therefore, maybe precocious decoding, the type of disorder and language differences are not impacting reading
comprehension profiles.

The PIQ variations indeed affected the reading comprehension results (β=0.03, CI= [0.01, 0.06]), suggesting that nonverbal
skills may have an association with reading. In fact, Tiu, Thompson, and Lewis (2003) suggest that PIQ may have influenced dyslexics'
reading comprehension, and we suggest that PIQ may be a potential area to investigate among children with reading disorders.
However, we observed that only 11 (42.31%) studies reported PIQ in our meta-analysis that may have biased our results, and we
encourage future reading researchers to provide a comprehensive IQ report.

6.2. Factors affecting phonemic awareness and reading comprehension

When answering the RQ 2 (How are decoding and listening comprehension related to phonemic awareness and reading comprehension
profiles among individuals with hyperlexia?), we first found hyperlexics' phonemic awareness skill was lower than that of typically
developing populations (g=−1.51, CI= [-2.72, −0.31]). Perhaps individuals with hyperlexia showed no impairments on verbal
short-term memory (g=- 0.07, CI= [-1.03, 0.90]) because short-term memory skills are associated with decoding (Brady, 1986;
Peter, 2018) and short-term memory tasks are easy to be understood by hyperlexics. The verbal working memory was also reasonably
poorer than typically developing readers (g=−1.53, CI= [-2.32,−0.73]) as the “processing” procedure (e.g., recall the digits in the
reverse order) requires comprehension ability (Daneman & Merikle, 1996; Peng & Fuchs, 2016). Therefore, our synthesis on verbal
memory is consistent with findings in typically developing children (Daneman & Merikle, 1996; Peng et al., 2018). However,
phonemic awareness is known as the best predictor of decoding abilities (Buil-Legaz, Aguilar-Mediavilla, & Rodríguez-Ferreiro, 2016;
Catts, Herrera, Nielsen, & Bridges, 2015; Conners, 2009; Gathercole & Baddeley, 2014; Georgiou, Das, & Hayward, 2009; Silverman,
Speece, Harring, & Ritchey, 2013; Uhry, 2011), but it seems that for hyperlexics' phonemic awareness was isolated from decoding.
Although the Trim and Fill analysis suggests a possibility of publication bias, our included studies consistently reported that hy-
perlexics had lower phonemic awareness skills than the controls (see Table 3).

However, our results may be consistent with researchers (e.g., Nation, 1999; Newman et al., 2007; Sparks, 2004) who suggest that
hyperlexics have unimpaired phonemic awareness skills, and the low scores of phonemic tasks are primarily due to the difficulty of
understanding task demands. As these researchers have claimed, we found that listening comprehension (β=2.17, p < 0.001) but
not decoding (β=1.96, p=0.30) is related to phonemic awareness. However, the reasons why hyperlexics show poor phonemic
awareness but maintained good decoding still need to be explored.

Further, hyperlexics whose decoding skills were higher had less impaired reading comprehension (β=0.61, p < 0.001,
CI= [0.38, 0.84]), after controlling for listening comprehension. As reviewed in the Step 1 analysis, two types of quantitative
decoding identifiers were “decoding higher than typically developing readers” (Lin, 2014) and “decoding matched with typically
developing readers” (Naples, 2009). Therefore, our meta-analysis suggests that at least these two decoding descriptors generated
different reading comprehension abilities (e.g., mild and severe reading comprehension difficulties).

In the current analysis, we found that decoding and listening comprehension are both significant predictors of reading com-
prehension. Therefore, although the hyperlexics were identified in different groups, the results were consistent with research findings
which show that decoding skill is predictive of reading comprehension, even without proper development of neurological, linguistic,
or cognitive abilities (Cardoso-Martins & Mervis, 2018; Healy, 1982; Kuppen, Huss, & Goswami, 2014; Patti & Lupinetti, 1993). To
further explain this, better decoding accuracy can provide precise sound information and release more cognitive load for processing

Table 4c
Contribution of decoding and listening comprehension to reading comprehension.

β CI SE P value of β

Decoding 0.61 [0.38, 0.84] 0.12 < 0.001***
Listening comprehension 0.44 [0.32, 0.56] 0.06 < 0.001***

*p < 0.05; **p < 0.01; ***p < 0.001.
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meanings (Harm & Seidenberg, 2004; Hoover & Gough, 1990).

6.3. Poor comprehenders versus hyperlexics

Our results may suggest the difference between poor comprehenders and hyperlexics. Except for three studies that identified
hyperlexics from typically developing populations, the remaining hyperlexics all had developmental disorders or SLI. Therefore, this
trend aligns with the claim by Nation's (1999; also see Grigorenko et al., 2003) that hyperlexics should be identified from atypically
developing populations while poor comprehenders should be identified from typically developing populations. Further, Table 3
shows that phonemic awareness skills of hyperlexics were consistently poorer than typically developing populations. However, other
studies found that poor comprehenders had intact phonemic awareness skills (Hogan et al., 2014; Nation, Cocksey, Taylor, & Bishop,
2010; Nation et al., 2007; Ricketts et al., 2008; Stothard & Hulme, 1995). Although we were unable to compare these two groups in
the current study directly, it appears that hyperlexics and poor comprehenders are two separate groups as they are identified from
different populations (atypically vs. typically developing) and at least have distinct phonemic awareness profiles. Future studies may
use “poor comprehenders” as a search criterion to look for any studies that meet the criteria of “hyperlexics” but used “poor com-
prehender” to identify their participants.

6.4. Limitations

The current study has some limitations. First, because of the scarcity of hyperlexia research and the restrictions of each study, our
meta-analysis could not capture all the aspects of criteria debates that were reviewed in Step 1 (e.g., hyperlexics identified from
22q11.2 deletion syndrome). Moreover, small sample sizes may have created larger standard errors of effect sizes (Lipsey & Wilson,
2001). One example is that we can only analyze seven studies in the phonemic awareness analysis. Further, random effect models
may have enlarged confidence intervals compared to fixed-effect models (Borenstein et al., 2009; also see Fig. 1a–e for comparisons
of the two models).

7. Conclusions and future directions

Our study proposes trends of future research on reading models, research designs, and neurological investigations. From the
theoretical perspective, our analysis is in line with the SVR by suggesting that reading comprehension is the product of decoding and
listening comprehension. Future research may explore the applicability of other reading models for hyperlexia. For example, Share's
(1995, 2008) self-teaching theory states that the repeated practice of graphene-phoneme correspondence rules helps typically de-
veloping readers achieve decoding fluency. However, hyperlexics in our study did not show intact phonemic awareness to support the
application of these rules, but they still demonstrated above-average word and nonword decoding skills. The Triangle model of reading
(Harm & Seidenberg, 2004) suggests that children can learn to decode familiar words or differentiate homophone words through the
help of word reading comprehension, but previous reviews suggest that hyperlexics do not have these capabilities (Ostrolenk et al.,
2017). In our sample the hyperlexics' word reading comprehension (g=−1.41; CI= [-3.07, 0.36]; see Table 3b) was not evidentially
poorer than the control groups. This may be due to the impact of decoding based on the SVR, but more research studies are needed to
further explore the pathways of decoding in hyperlexia.

Also, the differing results of these three constructs might indicate that most decoding and verbal short-term memory tasks demand
much less cognitive load than phonemic awareness tasks, as Sparks (2004) suggested. Future studies may also be needed in exploring
the influence of task complexity on reading or pre-reading tasks in hyperlexia or poor comprehenders.

Most of the inconsistencies (e.g., precocity of decoding, types of atypical syndromes) did not cause considerable variations in
hyperlexics' reading comprehension. However, we suggest that the “higher than typically developing readers” and “matched with
typically developing readers” decoding identifiers may generate different reading comprehension profiles. Meanwhile, with less focus
on the criteria debates, neurological or brain studies may want to investigate the phenomenon that hyperlexics' phonemic awareness
scores, verbal short-term memory, and decoding capacity are not cohesive, as they are for typically developing peers (Gathercole &
Baddeley, 2014). Further, researchers should provide complete reports of IQ, and specific sample descriptions (e.g., age, gender and
control group information).

Hyperlexics in our meta-analysis show good decoding, poor listening, and poor reading comprehension, and atypically developing
syndromes (e.g., ASD and SLI). Therefore, the atypically developing syndrome is a risk factor for poor listening and reading com-
prehension. Future research may investigate other risk factors that cause atypically developing populations to have poor listening and
reading comprehension. As a comparison, Dilnot, Hamilton, Maughan, and Snowling (2017) found both genetic (family history) and
environmental (e.g., home literacy level) factors are risk factors of dyslexia. Although the current research could not investigate
family history or home literacy levels, these factors may be relevant topics for future hyperlexia research to explore.

Before proceeding to these investigations, we suggest researchers to have the following criteria as considerations: a) “hyperlexic”
as a term should describe those who have good decoding but poor listening and (as a product) poor reading comprehension; b)
hyperlexics should show atypically developing syndromes; and c) hyperlexics' decoding skills may have impacts on their reading
comprehension, and it may not be appropriate to isolate decoding from reading comprehension. When these criteria are considered,
we suggest researchers and educators to be aware of the “hyperlexia” type reading disorder, and investigations on the possible
correlates and risk factors of hyperlexia should be pursued. Most importantly, understanding profiles and risk factors of hyperlexia
may help educators to design appropriate intervention strategies to remediate this type of reading difficulty.
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