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ABSTRACT
Purpose: The lexical quality (LQ) hypothesis predicts that a skilled reader’s 
lexicon will be inhabited by a range of low- to high-quality items, and the 
probability of representing a word with high quality varies as a function of 
person-level, word-level, and item-specific variables. These predictions were 
tested with spelling accuracy as a gauge of LQ.
Method: Item-response based crossed random effects models explored 
simultaneous contributions of person-level (e.g. participant’s decoding 
skill), word-level (e.g. word’s transparency rating), item-specific (e.g. partici
pant’s familiarity with specific word), and person-by-word interaction pre
dictors (e.g. decoding by transparency rating interaction) to the spelling of 25 
commonly misspelled irregular English words in 61 undergraduate university 
students (M = 19.4 years, 70.49% female, 39.34% Hispanic, 81.97% White).
Results: Substantial variance among individuals in item-level spelling accu
racy was accounted for by person-level decoding skill; item-specific familiar
ity, proportion of schwas correctly represented, and correctly identifying the 
word from its mispronunciation; and an interaction of transparency rating by 
general decoding skill.
Conclusions: Consistent with the LQ hypothesis, results suggest that one’s 
ability to form a high-quality lexical representation of a given word depends 
on a complex combination of person-level abilities, word-level characteris
tics, item-specific experiences, and an interaction between person- and 
word-level influences.
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Across individuals, words vary in the strength with which they are represented in the mind, which 
leads to variation in reading skill, including comprehension (C. Perfetti, 2007; C. A. Perfetti, 1985,  
1992; C. Perfetti & Hart, 2001; C. A. Perfetti & Hart, 2002; C. Perfetti & Stafura, 2014). This idea is 
articulated by the Lexical Quality Hypothesis (C. Perfetti & Hart, 2001), which states, “Lexical 
quality (LQ) refers to the extent to which the reader’s knowledge of a given word represents the 
word’s form and meaning constituents and knowledge of word use that combines meaning with 
pragmatic features” (p. 359). A word’s representation1 is considered of high quality to the extent 
that it has a precise orthographic representation (i.e., spelling; see Andrews, 2012; Andrews & 
Treiman, 2015; Andrews et al., 2020; Hersch & Andrews, 2012, Perfetti, 1991; C. A. Perfetti, 1992), 
redundant phonological representations (see, A. Edwards et al., 2021; Elbro, 1998; Elbro & Jensen,  
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2005; Goswami, 2000; C. Perfetti & Hart, 2001; Stafura & Perfetti, 2017), and meaning that is both 
specific and flexible (see Bolger et al., 2008; Braze et al., 2007; Hsiao & Nation, 2018; C. Perfetti,  
2007). As such, high-quality lexical representations allow orthographic and phonological knowl
edge of a word to uniquely facilitate recognition and spelling of the word, respectively (see Castles 
et al., 2018). Evidence supports the notion that skilled reading relies heavily on high quality word 
representations that include well-specified orthographic, phonological, and semantic knowledge. 
C. A. Perfetti and Hart (2002) reported factor analysis results on 445 undergraduates who 
completed a battery of tasks that sampled orthographic, phonological, and semantic knowledge 
sources. Outcomes indicated that more skilled readers exhibited a 2-factor solution, one repre
senting lexical form and the other meaning-comprehension, with word reading acting as a linking 
variable between the two factors. In less skilled readers, a 3-factor solution was favored with 
separate orthographic, phonological, and meaning-comprehension factors and pseudoword read
ing linking the orthographic and phonological factors. The differential factor structure that 
emerged across reading groups suggested a more integrated knowledge of orthographic and 
phonological structures for skilled readers than for less skilled readers. Results led Perfetti and 
Hart to conclude that, “the lack of integration of orthographic performance for low skilled readers 
suggests that spelling knowledge is not serving word reading in the same way it is for skilled 
readers” (C. A. Perfetti & Hart, 2002, p. 211). Since this original study, there have been numerous 
published experiments (using various methods) that support the legitimacy of the LQ hypothesis 
(for reviews of the evidence see Andrews & Treiman, 2015; Andrews et al., 2020; C. Perfetti, 2007; 
C. A. Perfetti, 2017; Van Dyke & Shankweiler, 2012); so much so, that LQ has become ubiquitous 
within the reading literature.

The LQ hypothesis stipulates that a reader’s lexicon will be inhabited by a range of low- to high- 
quality items, with the mix of item quality varying across individuals and words (Perfetti, 1991, 
C. A. Perfetti, 1992). High-quality items are not widely permissive of influences beyond exceedingly 
constrained sources internal to the lexicon (i.e., word-specific spelling, pronunciation, and meaning) 
in skilled word recognition. Lower-quality items, on the other hand, are less stable and lack specified 
representations of a word’s orthography, phonology, and semantics, leading to incorrect spelling, 
delayed word recognition, and lower comprehension of text. C. A. Perfetti and Hart (2002) illustrate 
the variability of lower quality representations with this example (p. 192):

Presented with the word incarcerate, the reader. . .

(a) pronounces it accurately and knows it has some negative meaning, but is not sure what that 
meaning is.

(b) stumbles on its pronunciation, producing something like “in-cark-rate.”
(c) pronounces it accurately and indicates that it means something like “to confine in prison,” but 

when attempting to speak the word to produce a message about someone going to jail, 
sometimes produces “incarcerate” and sometimes something more like “incarsate.”

(d) can perform all the tasks in a, b, and c above but can spell the word correctly only on some 
attempts.

Perfetti and Hart stress that this final case is of particular importance to most individuals of high 
literacy skill – “the feeling of semantic and phonological competence coupled with a spelling block” 
(C. A. Perfetti & Hart, 2002, p. 192). Thus, C. A. Perfetti (1992) and colleagues (C. Perfetti & Hart,  
2001; C. A. Perfetti & Hart, 2002) suggest that the key measure for gauging LQ across the continuum of 
literacy skill is spelling. Specifically, accurate spelling requires recall of a high level of detailed knowl
edge about the lexical representation while many reading tasks can be achieved with recognition based 
on partial lexical information supplemented by context (see Bosman & Van Orden, 1997; Ehri, 1997). 
To test important tenets of the LQ hypothesis, the current study explores the roles of theoretically 
driven person-level, word-level, item-specific, and person-by-word interaction predictors of an 

2 V. M. RIGOBON ET AL.



individual’s likelihood of spelling a complex English word correctly, which serves as a proxy for an 
individual’s item-level lexical quality.

Perfetti (1991, C. A. Perfetti, 1992) proposes that one of the critical events for an item’s transition 
across the continuum from low to high quality is for a representation to become fully specified in 
spelling, pronunciation, and meaning. In spelling, this means a given phonological representation (i.e., 
spoken form of a word) will be sufficient to activate a specific spelling with its precise orthographic 
units in the correct order, perhaps with more effort than word recognition in reading (Burt & Fury,  
2000). Andrews and colleagues have provided compelling evidence supporting Perfetti’s claim that 
orthographic precision, as referenced by spelling ability, is a critical index of a word’s LQ within an 
individual. For instance, in a recent study of 785 undergraduate students, Andrews et al.’s (2020) factor 
analyses and principal component analysis demonstrated that spelling skill consistently represents 
a separate lexical component that is partially independent of variance in reading comprehension, 
reading speed, and vocabulary, concluding that this component aligns with the precision dimension 
of LQ.

The other critical element of high-quality representations is phonological redundancy (see Perfetti,  
1991, C. A. Perfetti, 1992; C. A. Perfetti & Hart, 2002). Redundancy refers to multiple or “redundant” 
stored phonological representations associated with a single high-quality lexical representation; 
comprised of “one from spoken language and one recoverable from orthographic-to-phonological 
mappings” of the word (p. 190, C. A. Perfetti & Hart, 2002). This assumes that decoding an unknown 
letter string during orthographic learning (see Elbro & de Jong, 2017; Elbro et al., 2012; Nation & 
Castles, 2017; Share, 2008) results in the representation of the word’s decoded form (i.e., “spelling 
pronunciation” [Elbro et al., 2012]; “overpronunciation” [Holmes & Malone, 2004; Ormrod & Jenkins,  
1989]; “regularized pronunciation” [T. Ocal & L. C. Ehri, 2017b]) which influences the overall quality 
of the representation over time. For example, in addition to the spoken form of “tongue,”/ton-goo 
/may be another pronunciation derived from English decoding rules that is activated when attempting 
to read/spell “tongue” and allows for the irregular word “tongue” to be recognized and spelled 
accurately. Phonological redundancy can likely take other forms as well (e.g., overlap of orthographic 
and phonological forms of cognates across languages sharing a common alphabet; see Rigobon et al.,  
2023). Precise and redundant representations yield lexical retrieval that is reliable and coherent in the 
sense that the orthographic, phonological, and semantic knowledge of a word are “available synchro
nously at retrieval, giving the impression of a unitary word perception event” (C. Perfetti & Hart,  
2001, p. 69).

One way to test the availability of a redundant phonological representation in the lexicon is to 
measure a person’s set for variability (SfV), which has been conceptualized as the process of 
disambiguating the mismatch that can occur between a familiar word’s phonological representation 
and the decoded form of the word (see Elbro et al., 2012), especially for the purpose of arriving at the 
word’s correct pronunciation during word reading (Gibson & Levin, 1975; Venezky, 1999; Tunmer & 
Chapman, 2012). To test this process, participants are orally presented with known English words that 
are “mispronounced” based on standard decoding rules (e.g.,/breek-fast/for “breakfast”), and asked to 
provide the correct pronunciation aloud. Total SfV performance has been reported as a significant 
predictor of school-age children’s regular word reading in Dutch (Elbro et al., 2012) and general word 
reading skill in English (Kearns et al., 2016; Steacy et al., 2022; Tunmer & Chapman, 2012), as well as 
nonword reading in English (Steacy, Compton, et al., 2019). Further, item-specific SfV has been shown 
to be significantly predictive of variance in grade 2–5 students’ irregular word reading (Steacy, Wade 
Woolley, et al., 2019). If spelling accuracy is the key measure for gauging LQ and high LQ is dependent 
on both precision and redundancy, then SfV performance should be predictive of spelling accuracy at 
the level of the item.

The development of high-quality representations is a gradual process that operates at the item level 
(Nation & Castles, 2017; Share, 1995), with LQ differing across words for a given individual and across 
individuals for a given word (C. A. Perfetti & Hart, 2002). At the person level, the LQ hypothesis 
acknowledges that skilled readers have an advantage over less skilled readers in their ability to add new 
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information about spelling, pronunciation, or meaning of an impoverished representation via superior 
foundational resources (e.g., decoding, spelling, grammatical, and vocabulary skills). The current 
study tests this assumption by including general SfV performance, English decoding ability, and 
English word familiarity as person-level predictors of spelling accuracy. These allow us to explore 
whether important person-level foundational resources associated with the general availability of 
redundant phonological representations, decoding skill (i.e., proxy for general knowledge of ortho
graphic-phonological relationships), and general semantic knowledge of words will distinguish those 
with precise orthographic representations, as gauged by item-level spelling performance.

The LQ hypothesis acknowledges that even skilled readers will have low-quality representations for 
many words, both low frequency words from general vocabulary and words from specialized voca
bularies (see Andrews, 2012; Andrews & Treiman, 2015; C. Perfetti & Hart, 2001; C. A. Perfetti & Hart,  
2002). In a quasiregular orthography like English, word characteristics such as regularity can also 
impact LQ, given that the “mismatch distance” between a word’s decoded form and its phonological 
representation in a reader’s lexicon can lead to more difficulty in accurate reading or spelling of 
irregular words compared to regular words (see Nation & Snowling, 1998). As such, frequency and 
transparency of spelling to pronunciation are included as general word-level predictors of spelling 
accuracy in the current study.

While the LQ hypothesis was developed to explain variations in reading ability, it should not be 
equated with deficit hypotheses that look to explain individual differences in reading skill by variations in 
component skills such as phonological processing, naming skill, and semantic knowledge (C. Perfetti,  
2007). Instead, readers build representations from repeated encounters with a word, leading to item- 
specific knowledge across orthography, phonology, and semantics. Therefore, the current study explores 
the effects of the following item-specific predictors: SfV (i.e., if the participant was able to offer the real 
pronunciation of a target word given its mispronunciation), the proportion of correctly spelled schwas in 
the word, and familiarity with the spoken form of a specific word. These predictors allowed us to test the 
hypothesis that precise orthographic representations are associated with three important connections 
between orthography, phonology, and semantics. Item-specific SfV captures the presence of 
a recoverable decoded form derived from the orthographic-to-phonological mappings of the word, 
which is presumed to be a precursor to the formation of a high-quality representation. The proportion of 
correctly spelled schwas in the word captures specific and precise connections between phonology and 
orthography that are ambiguous and unrecoverable using frequent orthographic-phonological relations. 
While item-specific familiarity may not capture deep semantic knowledge of a word, it does capture 
information about how an individual represents the link between phonological and semantic knowledge 
of a word in the lexicon.

Finally, highly skilled readers are more likely to fully decode unfamiliar or unknown words in text 
(Perfetti, 1991, 1922), leading to the successful formation of more high-quality lexical entries and 
continuous “tuning” (see Andrews, 2012; Castles et al., 2007; Hersch & Andrews, 2012) of those 
representations with more reading and writing experience. As skilled readers continue to update and 
tune representations, their knowledge about orthographic-phonological relationships—based on 
observation of co-ocurring patterns and regularities of the English orthography and nuances of a 
word’s meaning in different contexts—continues to evolve, with this tuning resulting in the addition of 
more high-quality representations to the lexicon. Consequently, skilled readers with better decoding 
skills should have a lower reliance on transparent orthographic-phonological relationships for accu
rate spelling and benefit from a richer set of lexical resources when trying to supplement a lower 
quality representation during reading and spelling. Adults with poorer decoding skills, on the other 
hand, should be less likely to fully decode words in text and therefore, store fewer high-quality 
representations in the lexicon. With fewer high-quality representations to draw from when reading 
and spelling, poor decoders should then be more likely to exhibit a higher reliance on more 
transparent and frequent orthographic-phonological relationships that leads to more partial decoding, 
along with effortful and inaccurate spelling. To test these assumptions about the bidirectional nature 
of this relationship between decoding skill and addition of high-quality lexical representations, the 
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current study explores the contributions of a person-by-word interaction to spelling accuracy that 
would be consistent with the formation of precise orthographic representations within the LQ 
hypothesis: the interaction between decoding skill and word spelling-to-pronunciation transparency 
rating.

Overall, previous work from Andrews and colleagues has demonstrated that spelling accuracy is 
a useful gauge of precision in quality of lexical representations, while others (e.g., Burt & Fury,  
2000; Holmes & Malone, 2004; T. Ocal & Ehri, 2017a; T. Ocal & L. C. Ehri, 2017b; Ormrod & 
Jenkins, 1989) have explained general spelling performance in adults as a function of either general 
person-level skills or general word characteristics. However, the use of item-level modeling to 
capture individual differences in item-level development of high-quality representations has yet to 
be applied to spelling performance. Additionally, the role of redundancy in quality of lexical 
representations has yet to be empirically tested with consideration of both person- and word-level 
influences. Thus, the current study extends previous work by modeling predictors of individual 
differences in adults’ item-level spelling performance (i.e., accuracy of spelling responses to 
individual words instead of total accuracy on a spelling task) as a gauge of LQ2￼, which affords 
consideration of simultaneous person-level, word-level, item-specific, and person-by-word-level 
influences on LQ.

Present Study

We asked undergraduate adult participants to spell a subset of commonly misspelled English words 
(from the Macquarie University Advanced Adult Spelling Test, Caruana et al., 2019) with complex 
phonological to orthographic relationships (e.g., bureaucracy) and subsequently explored the role of 
important person-level, word-level, and item-specific predictors in forecasting individual differences 
in item-level spelling performance. Words were intentionally chosen so that spelling accuracy could 
not be achieved by only applying regular orthographic-phonological correspondences, thereby making 
spelling accuracy reliant on recall of stored lexical representations. We purposely selected predictors 
that allowed us to assess certain assumptions inherent to the concepts of orthographic precision and 
phonological redundancy as they relate to LQ. In doing so, we are mindful of C. A. Perfetti’s (2017) 
warning that LQ is a theoretical framework rather than a theory, expressing general claims based on 
key constructs that can be elaborated into testable theories that Perfetti refers to as a “hypothesis- 
testing agenda” (C. A. Perfetti, 2017, p. 53). In our hypothesis-testing process, person-level variables 
were selected to help identify important component skills that distinguish those who have greater skill 
in establishing high- versus low-quality representations. Word-level predictors were selected to 
account for characteristics of the target words that might make them more likely to be represented 
with high quality. Item-specific predictors were selected to capture connections between orthographic, 
phonological, and semantic knowledge of a specific individual’s representation of a given word. Our 
approach also allowed us to explore a key person-by-word interaction of interest that would be 
consistent with the formation of precise orthographic representations within the LQ hypothesis: the 
interaction between decoding skill and word spelling-to-pronunciation transparency rating.

In sum, the LQ hypothesis predicts that a skilled reader’s lexicon will be inhabited by a range of 
low- to high-quality items, and further that the probability a representation will be high-quality varies 
as a function of person- and word-level characteristics. In addition, because the development of high- 
quality representations is a gradual tuning process that operates at the item level, the LQ hypothesis 
postulates that including item-specific predictors is essential for modeling a reader’s representational 
knowledge. Thus, we test the following predictions regarding spelling performance based on the tenets 
of the LQ hypothesis: 1) large variation will exist across person and word regarding which items are 
considered to have high representational quality (as exhibited by the number and diversity of spelling 
errors across words and persons); 2) measures representing an individual’s foundational resources 
related to forming high-quality representations (e.g., decoding skill) should make a contribution to the 
probability that a word is spelled correctly above and beyond item-specific predictors; 3) word 
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characteristics that affect the likelihood of encountering a word (e.g., frequency) and ease of success
fully decoding it (e.g., spelling-to-pronunciation transparency) should contribute to the probability 
that a word is spelled correctly; 4) item-specific predictors representing links between orthographic, 
phonological, and semantic knowledge of a word will contribute significantly to individual differences 
in the probability of spelling accuracy; and 5) poor decoders will be more dependent on transparent 
orthographic-phonological relationships in a word to generate a correct spelling.

Methods

Participants

Due to the SARS-CoV-02 pandemic, data was collected remotely using Zoom, Microsoft PowerPoint, 
and Qualtrics services from 61 undergraduate students (ages 18–24 years) in the psychology subject 
pool of a large public university in the Southeast region of the U.S. Prior to the study’s initiation, 
ethical approval was obtained from the Florida State University’s ethics committee for human subject 
research, in compliance with the U.S. Federal Policy for the Protection of Human Subjects. Individual 
consent was obtained online for each participant before the Zoom testing session began. Participating 
subjects who identified as proficient English speakers completed one remote Zoom testing session of 
no more than 90 minutes, and they were compensated with extra credit for selected courses. 
Demographic data for participants are presented in Table 1.

Procedures

Each participant was remotely assessed on their familiarity with and spelling of 25 words from the 
Macquarie University Advanced Adult Spelling Test (MAAST; Caruana et al., 2019) list of commonly 
misspelled English words, which varied in length, print frequency, number of morphemes and schwas, 
and transparency of spelling to pronunciation. General word reading and decoding skills were assessed 

Table 1. Demographic characteristics of participants.

Variable
Full sample 

N = 61

Age (Years) M = 19.4 
SD = 1.55

Subjective Spelling Ability Rating M = 2.59 
SD = 0.72

Sex (%)
Female 70.49%
Male 29.51%

Ethnicity (%)
Hispanic/Latino 39.34%
Non-Hispanic/Latino 60.66%

Multilingual (%)
Yes 37.70%
No 62.30%

Primarily English-speaking (%)
Yes 90.16%
No 9.84%

Race (%)
American Indian/Alaskan Native 0.00%
Asian 3.28%
Black/African American 8.19%
White 81.97%
Multiracial 6.56%

Note. M and SD are used to represent mean and standard 
deviation, respectively. Subjective spelling ability rating 
ranged on a scale from 1 to 4, with 1 being a very bad 
speller and 4 being a very good speller.
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using online materials adapted from standardized tests. The set for variability and English familiarity 
tests were adapted to be administered online via Qualtrics surveys from measures used by Steacy, 
Compton, et al. (2019) and Kearns et al. (2016), respectively. Raw scores were used for each measure 
for descriptive information and data analysis, with scores grand mean-centered for the statistical 
models reported in the results.

Research assistants received weekly training and practice sessions on Zoom for two months, after 
which each assistant completed mock test administration sessions online with the trainer, who 
addressed any incorrect/incomplete testing behaviors after the session was conducted. A fidelity-of- 
implementation checklist was developed based on the testing scripts for the standardized assessments 
and the researcher-created measures. The mean fidelity estimate was 98% across testers in their mock 
test administration sessions prior to testing participants. Administration and scoring procedures for 
the testing sessions were periodically checked to ensure that fidelity was maintained at > 90% across 
participants over the course of data collection. The REDCap (Research Electronic Data Capture) tool 
hosted at Vanderbilt University (Harris et al., 2009) was used to enter and manage the data throughout 
the study period.

Measures

In the present study, we make a distinction between person-level, word-level, and item-specific 
predictors used in the analytic models. Person-level measures refer to a participant’s total score on 
a given task (e.g., decoding performance) instead of a single response to a single item; word-level 
measures refer to those that remain fixed across participants’ individual responses, as these are general 
characteristics of the words being presented to the participants (e.g., frequency, number of mor
phemes); and item-specific measures are those that vary across participants’ individual responses to 
a single word within a task. For example, an item-specific predictor is a participant’s self-reported 
familiarity with a specific word (e.g., etiquette) in the target spelling task (0 = unfamiliar, 1 = familiar 
with the pronunciation of etiquette); the number of morphemes in etiquette is coded at the word level 
as a 1 across all participants’ responses; and lastly, the participant’s total score on the familiarity task is 
coded at the person level as a number between 0 and 25 based on how many words were identified as 
being familiar to the individual participant.

Dependent measure
Target spelling. To measure participants’ ability to spell complex words, 25 words from the 
Macquarie University Advanced Adult Spelling Test (MAAST; Caruana et al., 2019) list of commonly 
misspelled English words were chosen for containing at least one schwa (unstressed vowel within 
a word,/ə/). Participants were guided to disable their spell check before beginning the task. Following 
a traditional dictation method, participants heard via recording: each target word read aloud, the word 
used in a sentence, a repetition of the word, and instruction to type their response in the correspond
ing space on a survey. Each spelling response was scored as 0 for incorrect (i.e., any deviation from the 
correct spelling in American English) or 1 for correct (i.e., all letters provided in the correct order with 
no missing or additional letters, according to American English spelling). The dichotomous score for 
each participant’s spelling of a single word was predicted at the item level in the models by the 
following item-specific, person-level, and word-level variables.

Item-specific measures
Proportion of correctly spelled schwas. The target spelling words included 13 words with 1 schwa and 
12 words with 2 schwas based on the English Lexicon Project (ELP; Balota et al., 2007).3 The 
proportion of schwas correctly spelled was calculated by dividing the number of schwas correctly 
spelled by a single participant in a given word (e.g., soliloquy) by the number of total schwas in the 
word’s correct spelling (e.g., 0 for misspelling as syllilaqui, 0.5 for misspelling as syliloquy, 1 for 
soliloquy, soliloqui). This was included as an item-specific predictor in the final models to gauge an 
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individual’s representation of a specific and precise phonological to orthographic correspondence 
which cannot be easily recovered by relying on frequent orthographic-phonological relationships.

Set for Variability (SfV). Based on the work of Tunmer and Chapman (1998, 2012) and Steacy, 
Compton, et al. (2019) with elementary-aged students, SfV was evaluated by participants’ ability to 
derive the correct pronunciation from spoken English words that are “mispronounced” based on 
regular decoding rules, as they might be if they were regular words or partially decoded (e.g.,/sɛpɑɹeɪt/ 
for/sɛpɹət/). This is an experimental measure aimed at capturing an individual’s ability to access 
a redundant orthographic-to-phonological mapping (i.e., decoded form) for each target spelling word. 
Responses were coded dichotomously; a score of 1 was assigned for the correct pronunciation of 
a target item (i.e., “separate” in adjective form) and a score of 0 for a response of any other English 
word, a nonword, or “I don’t know”.

Target word familiarity. This measure was adapted from a measure of polymorphemic words 
(Kearns et al., 2016) to the list of 25 target spelling words and accounted for individual differences 
in prior exposures to the target spelling words, several of which have low frequency of appearing in 
text. In the dependent spelling task instructions, participants were asked to pause after attempting to 
spell a word and provide a response for whether that word sounded familiar or not (based on having 
heard or encountered the word in spoken conversation or written text prior to the testing sessions). 
Responses were coded dichotomously (1 = “yes,” 0 = “no” or “I’m not sure.”).

Person-level measures
Set for Variability (SfV) total. This score represented an individual’s total correct responses to the 25 
target spelling words and 20 words used in prior administrations of the SfV task (Kearns et al., 2016; 
Steacy, Compton, et al., 2019, ; Tunmer & Chapman, 1998, 2012) for a total of 45 items. Cronbach’s 
alpha was .80.

Target word familiarity. We consider an individual’s total score on this measure to be a proxy for 
semantic knowledge of the 25 target spelling words. Cronbach’s alpha was .86.

Decoding fluency. Participants were asked to read a list of 66 nonwords in English as quickly and 
accurately as possible within the span of 45s in the Phonemic Decoding Efficiency subtest from the 
TOWRE-2 (Torgesen et al., 2012). The authors report an alternate forms reliability of .92.

Word-level measures
Frequency. Target spelling words’ log-transformed HAL frequency values, based on the Hyperspace 
Analogue to Language corpus, were taken from the ELP (Balota et al., 2007). The log transformed HAL 
frequency reported for the list of target words ranges from 3.219 to 10.498.

Number of morphemes. This measures the number of morphemes in each word based on hand 
coding completed by an experienced speech language pathologist. The range reported for the target 
spelling words is 1 to 3 morphemes.

Spelling-to-Pronunciation Transparency (STPT) rating. To address the distance between an 
irregular word’s correct pronunciation and its decoded form (i.e., how easily a word’s correct 
pronunciation can be derived from traditional orthographic-phonological relationships based 
on a word’s spelling), we used word ratings from A. A. Edwards et al. (2021) database. Raters 
were instructed to pretend that a letter string was unfamiliar to them, try applying a letter-to- 
sound reading strategy to the letter string, and rate the difficulty of matching a word’s decoded 
form to the word’s standard pronunciation (provided via audio recording for reference) on 
a Likert scale from 1 to 6 (1 = very easy to match, 6 = very difficult to match). Ratings from 
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this database, including ratings for the 25 target spelling words in this study, have been shown 
to be reliable based on their high correlation with expert ratings reported by Steacy et al. 
(2017). The range of ratings reported for the target spelling words is 2.11 to 5.30.

Data analytic procedures

Item-response based crossed random effects models were used to simultaneously account for the role 
of person-level, word-level, item-specific, and person-by-word interaction predictors of item-level 
word spelling variance. The models are “cross-classified” because responses to the spelling task 
originate from the intersection of each participant responding to each word in the same set of spelling 
items, where words are treated as a random factor that allows variability in spelling to be explained by 
word-level characteristics (e.g., frequency) and participants are treated as a random factor that allows 
variability in spelling accuracy to be explained by person-level characteristics (e.g., decoding skill). 
Simulation studies from Cho et al. (2012) have demonstrated the robustness of these models to sample 
size and number of items, “resulting in more power than typical individual regression models” (Steacy,  
2020, p. 156).

These cross-classified models were used to predict the participants’ spelling of a specific item (e.g., 
medieval) coded as a dichotomous response (1=correct, 0=incorrect) using person-level characteristics 
(e.g., decoding skill), general word-level characteristics (e.g., transparency rating of medieval), item- 
specific (i.e., person-by-word) responses to other tasks (e.g., familiarity with spoken form of medieval), 
and a person-by-word level interaction (e.g., phonemic decoding efficiency by word transparency 
rating) as predictors. These models assume nonindependence in the data due to participants’ 
responses to the same set of words in the target spelling measure (i.e., nested responses within both 
person and word), which is accounted for by the inclusion of a by-subject random intercept and by- 
item random intercept in the models (see Brauer and Curtin, 2018). All reported analyses were 
conducted using a binomial distribution with a logit link, available through the glmer function in 
the lme4 package (Bates et al., 2015) from R programming (R Development Team, 2012). All 
continuous person and word predictors were grand mean-centered to aid in interpretation of the 
intercept and coefficients. The R code used to conduct the item-response based crossed random effects 
models can be found on Open Science Framework through the link provided in the supplemental 
materials.

Results

Descriptive statistics are provided in Table 2 for total target word spelling, person-level, and word- 
level variables. The mean number of words correctly spelled across individuals was just under 9, 
suggesting that, overall, the target spelling items were challenging. The variance in spelling 

Table 2. Descriptive statistics and zero-order correlations of person & word-level features in the full sample (N = 61).

Person-Level Variable M SD 1 2 3 4

1. Decoding (PDE) 49.41 9.29
2. General Set for Variability 35.46 5.62 .50**
3. Target Familiarity (Total) 18.86 3.52 .44** .66**
4. Target Spelling (Total) 8.89 4.95 .52** .55** .48**

Word-Level Variable

1. Length 9.44 1.30
2. Log HAL Frequency 6.32 1.67 .05
3. Number of Morphemes 2.00 0.85 .44* −.17
4. Number of Schwas 1.48 0.50 .29 −.19 .47*
5. STPT Rating 3.74 0.80 .28 −.47* .18 .14

Note. M and SD are used to represent mean and standard deviation, respectively. * indicates p < .05. ** indicates p < 001. PDE =  
Phonemic Decoding Efficiency subtest from the TOWRE-2 (Torgesen et al., 2012); HAL = Hyperspace Analogue to Language corpus; 
STPT = Spelling to Pronunciation Transparency.
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performance was noteworthy, with a standard deviation of just under 5 words. These results 
prompted a closer look at the overall difficulty of each word and the number of unique mis
spellings for each word (see Table 3), where substantial differences in the difficulty of correctly 
spelling a word are highlighted in soliloquy (spelled correctly by only 9 of 61 participants) 
compared to avalanche (spelled correctly by 51 participants). In addition, there was wide variation 
in the number of unique incorrect spellings by participants, with soliloquy having 40 unique 
misspellings whereas avalanche only 5. Interestingly, the number of unique misspellings per word 
correlated strongly with the transparency ratings (r = .70, p < .001), suggesting that the varying 
degrees of ambiguity in these target words’ spelling-to-pronunciation transparency may better 
represent an important source of spelling difficulty than other word features that are traditionally 
associated with word reading and spelling difficulty, such as length and frequency, which were 
only moderately correlated with the number of unique misspellings at r = .27 and r = .43, respec
tively. To help conceptualize and explain the sheer number of unique spelling errors across words 
we provide a visualization of the unique errors for the most frequently misspelled word assiduous, 
compared to kaleidoscope, the fourth most difficult word to spell, each of which has 30 unique 
misspellings (see Figure 1). The figure depicts misspellings of each word across three important 
dimensions: orthographic and phonological distance from the correct spelling (measured using 
Damerau-Levenshtein distances) and each participant’s item-specific familiarity with the target 
word.

Zero-order correlations for person and word features are provided in Table 2. At the word level, 
number of morphemes showed a moderately strong positive correlation with number of schwas, 
indicating that more morphologically complex words tend to have a higher number of schwas in the 
target spelling words. Word frequency, on the other hand, showed a moderately strong negative 
correlation with subjective ratings of spelling-to-pronunciation transparency, which suggests that 
words with higher transparency tend to appear more frequently in text. All other word-level correla
tions were insignificant. At the person level, moderately strong positive correlations are reported for 
total scores on target familiarity and word identification; familiarity and decoding; and SfV and 

Table 3. Difficulty ranking by number of misspellings per target spelling word (N = 25).

Word Difficulty Ranking N of Participants Who Misspelled Word N of Unique Misspellings

assiduous 1 59 30
bureaucracy 2 56 32
soliloquy 3 52 40
kaleidoscope 4 52 30
charlatan 5 51 28
effeminate 6 49 23
cacophony 7 46 33
debauchery 8 46 27
aqueduct 9 46 9
colloquial 10 44 18
plagiarism 11 44 12
embarrassed 12 43 9
omniscient 13 42 16
medieval 14 40 14
nauseous 15 38 29
miscellaneous 16 38 25
boisterous 17 36 22
poignant 18 35 22
pneumonia 19 34 21
separate 20 30 2
etiquette 21 26 26
pinnacle 22 24 13
nonchalant 23 18 14
avalanche 24 10 5
tranquil 25 8 6

Note. The maximum number of individuals who could misspell a given word was 61, the total sample size.
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decoding. Total scores on target spelling also had a moderately strong positive correlation with total 
familiarity, decoding, and SfV. The strongest positive correlation is reported for total scores on 
familiarity and SfV, which was expected given that the two experimental tasks contain overlapping 
items.

A series of models (i.e., Unconditional, Main Effects I and II) are presented in Table 4, illustrating 
separate sources of variance in item-specific word spelling accuracy associated with item-specific, 
person-level, and word-level predictors. Probabilities of correct spelling were calculated based on the 
logit estimates from each respective model. The Unconditional Model’s intercept (γ = −0.85, z = −2.75, 
p = .01) indicated that the average probability of a correct response across words and participants on 
the target spelling task was 29.95%. Variance estimates at the person level (1.372) and word level 
(1.692) suggested that there was significant variance to be explained at both levels in subsequent 
models. Next, all person- and word-level predictors were entered into Main Effects Model 
I simultaneously to predict spelling performance. Only SfV and decoding had significant main effects 
at the person level, and no predictors at the word level significantly accounted for variance in 
likelihood of spelling accuracy. Item-specific measures of familiarity, SfV, and proportion of correctly 

Figure 1. Visualization of misspellings for “assiduous” and “kaleidoscope” on target spelling task. Note. Here the points (labels) are 
jittered to minimize overlapping. The jittering introduces randomness into rendering the plot. The reason for this jittering is that 
without it the misspelled forms would overlap at each level of x- and y- such that you could only see one misspelling, and the rest 
would be plotted behind it. The left panels show misspellings where the participant rated the target as familiar, and the right panels 
show those corresponding to unfamiliar ratings for the target. Target words were chosen because they exhibited variability in the 
familiarity rating across participants, where “assiduous” was only familiar to 11 participants and “kaleidoscope” was reported as 
being familiar to 48 participants. The origin of each plot represents the target itself, such that the distance of a given misspelling 
from the origin can be interpreted as the extent to which that misspelling is dissimilar from the target word either with respect to its 
orthographic structure (x-axis) or phonological structure (y-axis). Word labels (points) are colored based on the number of particular 
misspellings observed across participants. Dashed diagonals are included as a reference.
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spelled schwas were added to the model (see Main Effects Model II). In this model all three item- 
specific predictors were significant (p < .01), indicating that an individual was more likely to spell 
a word correctly if they a) were familiar with the word’s spoken form prior to the testing session, b) 
were able to correctly identify the word from hearing its mispronounced form, or c) spelled the letters 
representing the schwa(s) within the word correctly. Similar to Model I, person-level decoding skill 
was a significant predictor, and there were no significant word-level predictors of item spelling 
accuracy in Main Effects Model II. Note that while item-specific predictors of SfV and familiarity 
are competing for variance with person-level measures of SfV and familiarity in Main Effects Model II 
and the following exploratory models, the point biserial correlation between a participant’s response to 
one specific item on the SfV task and their total score on the SfV task varies greatly depending on the 
item (i.e., lowest correlation is .07 for a participant’s total SfV score and response to the word 
miscellaneous and the highest correlation is .65 for omniscient). This applies to the familiarity measure 
as well, with point biserial correlations ranging from .11 for pneumonia to .69 for soliloquy. These 
results demonstrate that none of the single items can explain all the variance in overall performance, 
suggesting that item-specific and overall scores provide unique information that are not totally 
overlapping Therefore, the predictive power of item-specific SfV or familiarity responses does not 
depend entirely on general performance for these measures, nor does the predictive power of general 
performance on these measures depend entirely on responses to specific items in SfV or familiarity 
measures.

Next, two exploratory models were conducted to explore the person-by-word interaction between 
decoding skill and word transparency rating (see Table 5). We first provide results from Exploratory 
Model I in which we added the interaction of decoding skill by word transparency rating to Main 
Effects Model II. The interaction in Exploratory Model I was not a significant predictor of spelling 
ability. However, given that the proportion of correctly spelled schwas in the target spelling words is 
necessary (but not sufficient) for accurate spelling in the outcome variable, we must acknowledge 
a dependency between this predictor and the outcome variable in Main Effects Model I and 
Exploratory Model I. We considered this a critical predictor to include in the models because it 

Table 4. Fixed effects and variance estimates predicting probability of correct word spelling responses on target spelling task.

Unconditional Model Main Effects Model I Main Effects Model II

Fixed effects Est. SE z p Est. SE z p Est. SE z p

Intercept −.85 .31 −2.75 .01 −.85 .25 −3.36 <.001 −12.83 1.44 −8.89 <.001
Item-Specific Factorsa

Proportion of CSS – – – – – – – – 11.70 1.40 8.37 <.001
SfV – – – – – – – – .86 .29 2.92 <.01
Target Familiarity 1.07 .34 3.18 <.01
Person-Level Factorsb

Decoding (PDE) – – – – .04 .02 2.75 .01 .05 .02 3.17 <.01
SfV – – – – .07 .03 2.07 .04 .02 .03 .59 .56
Target Familiarity – – – – .05 .05 1.09 .28 .05 .05 .98 .33
Word-Level Factorsc

Log HAL Frequency – – – – .13 .16 .82 .41 −.21 .20 −1.03 .30
Morphemes – – – – −.48 .28 −1.73 .08 −.54 .35 −1.52 .13
STPT Rating – – – – −.44 .32 −1.35 .18 −.74 .41 −1.81 .07

Intercepts Variance Variance Variance Explained
Person 1.37 0.63 49.15%
Word 1.69 1.19 29.43%

Note. Est.= Parameter Estimate; SE = Standard Error; PDE = Phonemic Decoding Efficiency subtest from the TOWRE-2 (Torgesen et al.,  
2012); SfV = Set For Variability; CSS = Correctly Spelled Schwas; HAL = Hyperspace Analogue to Language corpus; STPT = Spelling 
to Pronunciation Transparency. Each of the predictors and respective estimates represent the results from predicting probability of 
word spelling accuracy from all variables simultaneously (i.e., in the presence of all other word- and person-level predictors in the 
model). aItem-specific factors represent item-specific performance; bPerson-level factors represent aggregate performance by the 
individual on the measure. cWord-level factors represent fixed characteristics of the 25 target spelling words that remain constant 
across individual participants.
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represents an individual’s ability to correctly spell one of the most difficult sublexical units of each 
word (i.e., schwa). These models demonstrated how even correctly spelling the most difficult-to- 
represent sublexical units in a word does not guarantee that one’s representation for the whole word is 
of high enough quality to recall each letter precisely and in the correct order.

To counter this dependency issue, we ran a second exploratory interaction model with the 
proportion of correctly spelled schwas removed. Results from Exploratory Model II indicated 
a significant person-by-word interaction between decoding skill and spelling-to-pronunciation trans
parency rating, graphically depicted in Figure 2. Findings indicated that adults on the higher end of 
decoding skill have a significantly higher likelihood of correctly spelling a word, compared to peers 
who are poorer decoders, irrespective of transparency rating. In contrast, less skilled decoders’ 
probability of correct spelling was notably influenced by spelling-to-pronunciation transparency, 
with nearly 35% lower likelihood of accurate spelling for words with lower transparency compared 
to highly skilled decoders and approximately 30% lower likelihood for words that were rated as being 
closer to the average transparency rating. These large differences in likelihood of accurate spelling 
suggest that, as hypothesized, poor decoders were more reliant on transparent orthographic- 
phonological relationships for accurate word spelling than peers who have stronger decoding skills.

Discussion

This study’s purpose was to test five main predictions made by the LQ hypothesis related to 
representational quality in skilled readers by modeling person-level, word-level, item-specific, and 
person-by-word predictors of individual differences in adult spelling performance. In support of our 
first prediction about variation existing across person and word in LQ of lexical representations, we 
observed both a wide range of spelling accuracy across words for a given individual (i.e., 8.89 words 
correctly spelled on average with an SD of 4.95 words) and a diverse set of errors for a given word 
across individuals. These results suggest that the adults in this sample varied greatly in both their 
representational quality of these words and knowledge sources that may have been used to fill the gaps 
in the orthographic representations stored for these words. To better characterize the range of spelling 
errors of various target words, we provided a visualization of unique errors for the most frequently 

Table 5. Exploratory interaction effects predicting probability of correct word spelling responses on target spelling task.

Unconditional model Exploratory Model I Exploratory Model II

Fixed effects Est. SE z p. Est. SE z p Est. SE z p

Intercept −.85 .31 −2.75 .01 −12.66 1.43 −8.85 <.001 −2.59 .35 −7.46 <.001
Interactiona

PDE x STPT Rating – – – – .01 .01 1.18 .24 .03 .01 2.76 .01
Item-Specific Factorsb – – – –
Proportion of CSS – – – – 11.52 1.38 8.33 <.001 – – – –
SfV – – – – .84 .29 2.86 <.01 .75 .24 3.17 <.01
Target Familiarity – – – – 1.07 .34 3.18 <.01 1.40 .26 5.37 <.001
Person-Level Factorsc

Decoding (PDE) – – – – .05 .02 3.20 <.01 .05 .02 3.00 <.01
SfV – – – – .02 .03 .62 .53 .06 .03 1.67 .09
Target Familiarity – – – – .05 .05 .98 .32 <.01 .05 .05 .96
Word-Level Factorsd – –
Log HAL Frequency – – – – −.21 .20 −1.05 .30 −.01 .15 −.08 .94
Morphemes – – – – −.54 .35 −1.53 .13 −.40 .26 −1.55 .12
STPT Rating – – – – −.75 .41 −1.83 .07 −.46 .31 −1.49 .14

Note. Est.= Parameter Estimate; SE = Standard Error; PDE = Phonemic Decoding Efficiency; STPT = Spelling to Pronunciation 
Transparency; SfV = Set for Variability; CSS = Correctly Spelled Schwas. Each of the predictors and respective estimates represent 
the results from predicting probability of word spelling accuracy from all variables simultaneously (i.e., in the presence of all other 
word- and person-level predictors in the model). aInteractions are between a person-level predictor and a word-level predictor for 
a specific spelling item response; bItem-specific factors represent item-specific performance; cPerson-level factors represent 
aggregate performance by the individual on the measure; dWord-level factors represent fixed characteristics of the 25 target 
spelling words that remain constant across individual participants.
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misspelled word assiduous, compared to kaleidoscope, the fourth most difficult word to spell (each of 
which had 30 unique misspellings) across the dimensions of familiarity, orthographic distance, and 
phonological distance of the misspelling from the target (see Figure 1). For assiduous, which was 
mostly unfamiliar to the sample, participants who were familiar with the word did not stray far from 
the target word in terms of orthographic or phonological distance (top left panel). However, for those 
who were unfamiliar (top right panel), the variation in misspellings as a function of both orthographic 
and phonological distance from the correct spelling suggests that an individual’s lower-quality 
representation of assiduous could take several forms, ranging from very impoverished (e.g., “oquious,” 
“esidious”) to somewhat recognizable (e.g., “asiduos,” “esiduous”). For a word with greater overall 
familiarity, it is interesting to see such a wide range of orthographic distance in the misspellings of 
participants who were familiar with kaleidoscope (bottom left panel), yet a similar range of phonolo
gical distance in the misspellings compared to those who were familiar with and misspelled assiduous 
(top left panel). Results from the visualization of spelling errors associated with assiduous and 
kaleidoscope demonstrate that familiarity is likely necessary for correct spelling, but certainly not 
sufficient for building a high-quality representation. Overall, the visualization of these misspellings 
highlights the extreme variability across individuals in their ability to represent the spellings of low- 
quality representations and certainly warrants a more systematic analysis of unique spelling errors 
across the entire sample of target words in a future study.

Figure 2. Interaction of total decoding score and spelling-to-pronunciation transparency rating in likelihood of accuracy on target 
spelling task. Note. Decoding ability and transparency rating are both mean-centered predictors with each unit away from the mean 
representing one standard deviation (e.g., 0.81 [red line] in the legend indicates a spelling-to-pronunciation transparency rating that 
is one standard deviation above the average score; -10 on the x-axis indicates a raw total score on the phonemic decoding efficiency 
task that is 1 standard deviation below the average raw total score).
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Our second prediction was that measures representing an individual’s level of foundational 
resources should make a contribution to the probability that a word is spelled correctly. This was 
supported in Main Effects Model I, where general English decoding and SfV were predictive of item- 
level spelling accuracy, along with Main Effects Model II where general decoding was still a significant 
predictor above and beyond item-specific predictors. These results support two important notions that 
follow from the LQ hypothesis. The first notion is that knowledge of orthographic-phonological 
relationships (as measured by decoding skill) is critical to helping one develop precise orthographic 
representations (Ehri, 2015; Nation, 2017; T. Ocal & Ehri, 2017a), likely supporting the tuning of items 
from low to high quality over time through multiple decoding opportunities and exposure to text (see 
Andrews, 2012; Castles et al., 2007; Hersch & Andrews, 2012). The second notion is that when 
presented with the challenge of spelling a word that is represented with lower quality in the lexicon, 
stronger decoders likely have an advantage over less skilled decoders in the ability to supplement the 
recall of a lower quality representation of a given word (e.g., nauseous) with other foundational 
resources. For example, a better decoder may be more flexible in considering different mappings 
from phonology to orthography to arrive at a plausible word spelling (e.g., “nauschious”) or retrieve 
a second stored pronunciation of a word (i.e., redundant phonological representation) to recall the 
precise letters that map onto the correct pronunciation of the word (e.g.,/naw-see-ous/). We acknowl
edge, however, that Main Effects Model I leaves a large portion of the variance in spelling accuracy to 
be explained by other characteristics of the individuals not measured in our study, such as print 
exposure (Andrews et al., 2020; Burt & Fury, 2000; Falkauskas & Kuperman, 2015) and rich encoun
ters with words across diverse contexts (i.e., lexical legacy; Nation, 2017).

The lack of significant contributions from any of the word-level predictors in Main Effects Model 
I does not support our third prediction about the impact of word-level features on probability of 
correct spelling. Our sample of spelling words, however, was limited to a lower range of frequency 
(3.219 to 10.498) and did not include the lowest (1) or highest (6) possible spelling-to-pronunciation 
transparency rating. These restrictions in range may explain why neither frequency nor spelling-to- 
pronunciation transparency emerged as significant predictors of spelling accuracy. Evidence from 
lexical decision studies show that effects of irregular word pronunciation should be specific to lower 
frequency words (Seidenberg et al., 1984; Waters & Seidenberg, 1985), so our third hypothesis may 
only be supported with our sample of lower frequency words for individuals who struggle with 
forming high quality lexical representations (i.e., poorer readers) and rely on other features of 
a word, such as the spelling-to-pronunciation transparency, to spell correctly.

Results from Main Effects Model II support our fourth prediction about significant contributions 
from item-specific predictors to likelihood of spelling accuracy, showing that an individual was more 
likely to spell a word correctly if they a) were familiar with the target word’s spoken form prior to the 
testing session, b) were able to correctly identify the target word from hearing its mispronounced 
form, or c) spelled the letters representing the schwa(s) within the target word correctly. Of key 
interest, a significant contribution from item-specific SfV supports the LQ assumption that formation 
of a high-quality representation also relies on storing redundant phonological representations, includ
ing at least one that is recoverable from regular orthographic-to-phonological mappings (see 
A. Edwards et al., 2021; Elbro, 1998; Elbro & Jensen, 2005; Goswami, 2000; C. Perfetti & Hart,  
2001). Given that the mispronunciations participants heard during the SfV task represented decoded 
forms of the words in the target spelling task, we interpret this result to mean that when more highly 
skilled spellers hear a word’s correct pronunciation in the spelling task, they may activate a second 
plausible pronunciation of that word based on orthographic-to-phonological mappings (i.e., 
a redundant pronunciation similar to the decoded form presented in the SfV task) to aid in recalling 
the specific graphemes that can represent more ambiguous phonemes in the word’s correct pronun
ciation. We argue that storage of this second pronunciation may be a byproduct of the complete 
decoding that is crucial for successful self-teaching of new words (Share, 1995, 2008) and formation of 
high-quality orthographic representations (Nation & Castles, 2017; C. A. Perfetti, 1992). Successfully 
recognizing a word from its mispronunciation in the SfV task, therefore, can be understood as 

SCIENTIFIC STUDIES OF READING 15



a measure of redundancy for a specific lexical representation, which is necessary, but not sufficient, for 
accurate spelling.

Alternatively, one may consider that the ability to accurately recall a word’s spelling can 
increase the likelihood of identifying a word from its mispronunciation in the SfV task by 
actively mapping a mispronunciation onto a letter string, recognizing it as being similar or 
equivalent to the spelling of a known word, and correctly pronouncing the word in response. 
However, given the length, generally low frequency, and irregularity of the target words, it is 
unlikely that individuals were actively engaging in this conversion (mispronunciation to letter 
string to correct pronunciation) for each familiar target word, especially since the task included 
a prompt to respond within 10 seconds of hearing the mispronunciation before hearing the next 
item’s mispronunciation. We speculate that characteristics of these irregular words and the 
task’s administration, paired with the participants’ lack of familiarity with the task, likely created 
a high cognitive load that would make it very difficult for a person to engage in this effortful 
recoding strategy and provide a correct response within the allotted response time. Future 
investigations may determine which of these two explanations is supported in adult participants 
by explicitly asking participants to report item-specific strategy use throughout the SfV task 
(e.g., immediate visualization of a word that matches the decoded form heard in the task versus 
actively recoding the decoded form to a plausible spelling and back to a known word’s 
pronunciation during the task).

Item-specific contributions from SfV to spelling accuracy may also be explained as skilled spellers 
simply performing better in SfV because they are generally more flexible with pronunciations of 
English words without the need to store and actively recall alternate pronunciations for specific words. 
Nevertheless, we believe this explanation is also unlikely given that general SfV performance, which 
included performance on higher frequency non-target spelling items in the total accuracy score (i.e., 
40 items instead of 25), only emerged as a significant predictor in Main Effects Model I, but none of the 
subsequent models when item-specific SfV performance was modeled simultaneously. This deviates 
from recent reports of SfV, both general (i.e., person-level) and item-specific, being simultaneously 
predictive of word reading performance in younger developing readers (Steacy, Compton, et al., 2019). 
Importantly, this difference in the roles of general and item-specific SfV in spelling versus reading 
performance supports the LQ assumption that accurate spelling relies heavily on high-quality lexical 
entries that are only influenced by highly constrained sources within the lexicon, such as a stored 
mispronunciation for a given word, compared to lower-quality lexical entries that permit multiple 
sources of information outside of lexical constraints, such as a metalinguistic strength in phonological 
flexibility that is impacted by overall (rather than item-specific) reading experience.

Next, the significant contribution from proportion of correctly spelled schwas to likelihood of 
accurate spelling highlights the importance of one’s ability to recall precise phonological to ortho
graphic connections that are ambiguous, like the schwa, and unrecoverable from simply using 
frequent orthographic-phonological relations. This aligns with Block and Duke’s (2015) report of 
schwa vowels being the most difficult sound to spell for young children and T. Ocal and L. C. Ehri’s 
(2017b) findings from a training study focused on improving adults’ spelling of difficult English words 
containing letters that did not map directly onto sounds, including schwas. Our findings here support 
the LQ assumption that even skilled readers can have plenty of low-quality representations, and 
therefore, struggle with accurately spelling words that are familiar from previous encounters in 
reading (C. A. Perfetti, 1992) and contain hard-to-map phonemes, like the schwa. Relatedly, 
a significant contribution from item-specific familiarity to likelihood of spelling accuracy supports 
C. Perfetti’s (2007) notion that formation of a high-quality representation relies on multiple encoun
ters with a given word to strengthen the connections between orthographic, phonological, and 
semantic knowledge of that word.

Finally, support for our fifth prediction is interpreted from the last set of exploratory interaction 
models. Given that words containing schwas are more likely to be rated as less transparent in spelling 
to pronunciation (A. Edwards et al., 2021) and the importance of strong decoding skill in spelling 

16 V. M. RIGOBON ET AL.



performance (T. Ocal & Ehri, 2017a), we speculated that in Exploratory Model I, the interaction of 
decoding skill by word transparency rating may be competing with proportion of correctly spelled 
schwas for very similar amounts of variance in likelihood of spelling accuracy. Thus, when we 
removed proportion of correctly spelled schwas from Exploratory Model II, it was interesting that 
the interaction significantly predicted likelihood of spelling accuracy, supporting our hypothesis that 
poorer decoders would be more reliant on more transparent and frequent orthographic-phonological 
relationships to spell a word correctly, including spelling of the schwa. This interaction also offers 
more nuanced support for our third prediction about word-level characteristics contributing to the 
probability of correct spelling by highlighting the strong impact of lower spelling-to-pronunciation 
transparency on poor decoders’ spelling accuracy, whereas highly skilled decoders’ probability of 
correct spelling is seemingly unaffected by a word’s spelling-to-pronunciation transparency rating (see 
Waters et al., 1984).

Considering the 30% base rate of spelling accuracy for the entire sample, there are at least two 
possibilities for why highly skilled decoders’ probability of correct spelling is significantly less 
impacted by spelling-to-pronunciation transparency than that of poorer decoders. One possibility is 
that these strong decoders tend to have more high-quality representations that are activated for 
accurate spelling as a result of more successful decoding attempts in prior reading encounters with 
the target words they were able to recall and spell correctly. This interpretation would support the 
notion that skilled readers’ continuous “tuning” (see Andrews, 2012; Castles et al., 2007; Hersch & 
Andrews, 2012) of lexical representations through reading experience is responsible for the additions 
of high-quality representations to the lexicon over time that allow for autonomous recognition of 
a word from its spoken form and accurate recall of its precise written form. This would also expand 
C. A. Perfetti and Hart’s (2002) conclusion about skilled readers likely drawing from a more coherent 
lexical knowledge structure in reading tasks (compared to less skilled readers) to the task of spelling. In 
other words, understanding the close links between orthographic and phonological structures at 
multiple levels within a word is critical for both reading and spelling.

Another interpretation takes into account the wide range of familiarity with the target spelling 
words, including 2 participants who were only familiar with 10 out of 25 target spelling words. 
Following the LQ hypothesis, if skilled readers’ lexical representations vary in quality across individual 
and word, one may conclude that while grappling with the activation of a low-quality representation 
after hearing a word in the spelling task, strong decoders are better equipped to supplement their 
lower-quality representations for an unfamiliar word with other resources (i.e., stored mispronuncia
tion or active sound-to-letter conversion) compared to poor decoders who are likely also depending 
on lower-quality entries for unfamiliar words, but without the additional resources (i.e., knowledge of 
decoding rules, flexibility with less frequent orthographic-phonological relationships) to supplement 
their representations.

Limitations

One limitation that must be acknowledged is our study’s lack of both an item-specific and general 
vocabulary measure. In our attempts to conceptualize total familiarity as a proxy for phono-semantic 
connections, we recognize that this measure is not a sufficient replacement for general English 
vocabulary or item-specific semantic knowledge (Balota & Spieler, 1999). Moreover, adapting 
a receptive vocabulary measure, such as the PPVT-IV (Dunn & Dunn, 2007), or an expressive 
vocabulary measure, such as the Woodcock-Johnson III Picture Vocabulary (Woodcock et al., 2001) 
to test participants’ knowledge of item-specific meanings would be critical in testing LQ assumptions 
regarding the importance of combining information about a word’s meaning and contexts of use with 
the phonological and orthographic knowledge that are stored for that word. Additionally, it must be 
noted that due to the design of the spelling task (i.e., participant heard the word, attempted the 
spelling, and then indicated if they were (un)familiar with the word prior to the testing session), the 
participants’ responses about their item-specific familiarity for a given word may have been influenced 
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by their confidence in the accuracy of their attempted spelling for that word. In future studies, 
investigators should consider administering a separate familiarity measure with non-target foil 
words mixed in the list of target words, either before participants encounter the words in the 
dependent measure of interest or in a separate testing session.

Conclusion

This study used item-level spelling performance in adult skilled readers to test a set of 
hypotheses derived from Perfetti’s LQ hypothesis as it relates to the formation of high-quality 
lexical representations. Overall, results supported the hypotheses and illustrated the utility of 
using spelling as an indicator of LQ within individuals. We found significant variation with 
respect to representational quality, supporting C. A. Perfetti and Hart’s (2002) assertion that LQ 
varies across individuals for a specific word and across words for a specific individual. Item- 
specific familiarity, proportion of correctly spelled schwas, and SfV were associated with the 
presence of high-quality representations within individuals. Item-specific SfV was a particularly 
interesting predictor, suggesting that a second plausible pronunciation of the word derived from 
applying orthographic-to-phonological mappings is important to activate in the formation of 
high-quality lexical representations. This is consistent with item-level orthographic learning 
theories stipulating that fully decoding a word is necessary for the formation of high-quality 
representations (Nation & Castles, 2017; C. A. Perfetti, 1992; Share, 1995). We also reported an 
interaction that expands the LQ hypothesis predictions for reading to spelling performance, 
where an individual’s production of high-quality lexical representations depends on both general 
decoding ability (person-level contribution) and the distance between a word’s correct and 
decoded pronunciations (word-level contribution). We believe our results in adult participants 
should encourage more empirical investigations of item-level spelling performance in samples of 
children to help illuminate processes contributing to the formation of high-quality representa
tions in developing readers.

Furthermore, our findings support T. Ocal and L. C. Ehri’s (2017b) success in training adult poor 
spellers to use an overpronunciation (i.e., spelling pronunciations; redundant phonological represen
tation) strategy for improved spelling accuracy between pre- and posttest. Significant improvements 
from just a brief training are promising in terms of better understanding how to support students who 
are struggling to form high-quality lexical representations with strategies that directly and quickly 
strengthen orthography-to-phonology connections. Given our finding of the decoding by spelling-to- 
pronunciation transparency interaction in spelling accuracy, future efforts in testing the effects of an 
overpronunciation training strategy with attention to flexible orthography-to-phonology mappings 
for opaque sublexical units should also consider the importance of the variation in words’ spelling-to- 
pronunciation transparency reported in the current study. These efforts may lead to more concrete 
recommendations for spelling instruction that simultaneously supports reading development of 
individuals across the range of general decoding and spelling ability, including struggling readers.

Notes

1. In the spirit of developing ideas that work across different complementary theoretical frameworks, and in service 
of a more descriptive account of the phenomena dealt with in this paper, we intentionally use several terms in 
ways that are theory agnostic. The terms “lexical representation” and “word representation” are used inter
changeably, where the term “lexicon” is intended only to convey that knowledge about words is represented in 
the mind, rather than making a specific commitment about the manner in which that representation takes place. 
In terms of the nature of the representations, we hold only that representational information includes, at least, 
featural information about orthography, phonology, and semantics, and assert that this view is consistent both 
with theories about lexical quality and other theories about representation learning related to reading (e.g., Harm 
& Seidenberg, 2004; Seidenberg & McClelland, 1989). To this end, the term “storage” is only intended to convey 
something general about the presence of featural information in the mind about these knowledge domains, and 
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the activation of this information in service of reading and spelling processes. Specifications about the nature of 
the representational system (i.e., how representations are encoded in the cognitive system) are important but 
outside the scope of this work.

2. We consider an item to be a high-quality representation within a person when the word is correctly spelled; 
whereas words spelled incorrectly are considered lower-quality items.

3. One manual correction to “medieval” was completed by an experienced speech language pathologist with 
consideration of the mainstream English dialect of General American English.
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