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Before children are able to invent phonologically plausible spel-
lings of words, they may produce strings of letters that do not seem
to be motivated by the sounds in words. To examine the nature of
these prephonological spellings and their relationship to later liter-
acy performance, we administered a test in which children spelled
a series of words using preformed letters, together with other
literacy-related tests, to 106 U.S. 3- to 5-year-olds who had not
received formal literacy instruction. We then followed the children
into the first years of school, administering standardized spelling
and word reading tests yearly for the subsequent 3 years. We used
quantitative procedures to identify children who were prephono-
logical spellers at Time 1. Although these children did not use
phonologically plausible letters at a rate above that expected by
chance, their spellings demonstrated some knowledge about com-
mon letters and digrams—graphotactic knowledge. The prephono-
logical spellers also showed some knowledge of the alphabet and
some phonological awareness, indicating that these skills do not
suffice for phonological spelling. Children who were prephonolog-
ical spellers at Time 1 were poorer readers and spellers at the later
testing points, on average, than children who were not. This result
reveals the continuity between children’s early spelling attempts
and their later literacy skills and the importance of phonology in
spelling. We did not find, as Kessler et al. [Journal of Learning
Disabilities (2013), Vol. 46, pp. 252–259] did in a study where

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jecp.2021.105359&domain=pdf
https://doi.org/10.1016/j.jecp.2021.105359
mailto:rtreiman@wustl.edu
https://doi.org/10.1016/j.jecp.2021.105359
http://www.sciencedirect.com/science/journal/00220965
http://www.elsevier.com/locate/jecp


R. Treiman, B. Kessler and T.C. Pollo Journal of Experimental Child Psychology 218 (2022) 105359
children wrote words by hand, that better graphotactic knowledge
among prephonological spellers is associated with better spelling
during later years.

� 2021 Elsevier Inc. All rights reserved.
Introduction

Learning the spellings of words is important for both writing and reading. For example, practice in
spelling words benefits children’s learning of reading as well as their spelling (e.g., Sénéchal, Ouellette,
Pagan, & Lever, 2012). Given such findings, it is important to learn more about the development of
spelling skill. Many investigators (e.g., Read, 1986) have studied the invented spellings produced by
children during their first 1 or 2 years of literacy instruction—spellings such as a 6-year-old’s ‹jrop›
for ‘‘drop” that, although incorrect, are reasonable attempts to represent a word’s sounds using the
conventional sounds or names of the writing system’s letters. The quality of these spelling attempts,
studies show, predicts reading and spelling performance during later years (e.g., Ouellette & Sénéchal,
2017; Treiman, Hulslander, Olson, Willcutt, & Byrne, 2019).

Although a number of studies have examined children’s invented spellings, less attention has been
paid to an earlier type of spelling—letter strings such as a 4-year-old’s ‹en› for ‘‘drop” that are not
phonologically motivated in the way that ‹jrop› is related to ‘‘drop.” The goal of the current study
was to examine the nature of these prephonological spellings and their relationship to later literacy per-
formance. We did this by giving a spelling test and other literacy-related tests to U.S. 3- to 5-year-olds
who had not received formal literacy instruction (Time 1). We followed the children into the first years
of school, administering standardized spelling and word reading tests yearly at three points (Times 2,
3, and 4). Our main interest was in children who were identified at Time 1 as prephonological spellers.

Traditionally, prephonological spellers have been seen as having little useful knowledge about the
workings of their writing system (Gentry, 1982). Not only are the letter choices in ‹en› for ‘‘drop”
phonologically implausible, for example, the number of letters in the child’s spelling does not match
the number of phonemes in the word’s spoken form. In fact, some studies have found that prephono-
logical spellers do not even produce longer strings of letters for words that contain more phonemes,
syllables, or morphemes than for words that contain fewer of them (Treiman & Boland, 2017; Treiman,
Kessler, Boland, Clocksin, & Chen, 2018; Treiman, Pollo, Cardoso-Martins, & Kessler, 2013).

Although the productions of prephonological spellers do not seem to be influenced by the linguistic
units in the words to be spelled, the productions may show some knowledge about the visual appear-
ance of words in the language to which the children are exposed. The results of several studies (e.g.,
Kessler, Pollo, Treiman, & Cardoso-Martins, 2013; Treiman et al., 2018) suggest that prephonological
spellers’ use of letters and digrams (pairs of adjacent letters) is influenced by the frequencies of those
letters and digrams in words of the language. These influences have been quantified by examining the
correlation between a child’s use of letters and the frequency of those letters in words of the language,
themonogram correlation, and the correlation between a child’s use of letter pairs and the frequency of
those pairs, the digram correlation. The positive monogram and digram correlations observed in
prephonological spellers have been interpreted to mean that these children have some beginning
graphotactic knowledge—knowledge about the frequencies of letters and combinations of letters.
According to this view, children begin to learn about the frequencies with which letters and digrams
appear in print even before they learn how the letters symbolize sounds. Children are thought to do
this using their implicit statistical learning skills given that parents and preschool teachers do not
explicitly teach young children that some letters and letter groups are more common than others
(Mano, 2016; Treiman & Kessler, 2014).

Prephonological spelling appears to be affected not only by children’s experience with written
words in general but also by their familiarity with one important and early learned word—their
own first name (e.g., Levin, Both-de Vries, Aram, & Bus, 2005). The proportion of letters in a child’s
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spellings that is found in the child’s name—the idiogram proportion—is often rather large for prephono-
logical spellers. For example, Treiman et al. (2018) found that 49% of the letters in the handwritten
spellings of U.S. prephonological spellers appeared in their own first name, and Bloodgood (1999)
reported an idiogram proportion of 41% in a group of 4- and 5-year-olds whose spellings did not reveal
attempts to match letters to sounds.

Although prephonological spellings do not symbolize the linguistic forms of words, they may be
affected by properties of the words’ referents. Specifically, it has been suggested that prephonological
spellers tend to produce more marks or larger marks to write words that correspond to larger objects
or quantities than to write words that correspond to smaller objects or quantities. Initial support for
this idea came from studies with learners of Spanish that were mostly observational and that did not
use quantitative procedures to identify prephonological spellers (Ferreiro & Teberosky, 1982). More
recent studies with U.S. children (Treiman, Kessler, Decker, & Pollo, 2016; Zhang & Treiman, 2015)
identified prephonological spellers using an objective procedure in which the phonological plausibility
of the children’s spellings was compared with that expected by chance (see Pollo, Kessler, & Treiman,
2009). The effects of object size and quantity that were observed in these studies suggest that even
though the productions of prephonological spellers have no discernible association with the words’
phonological forms, they may be associated with properties of the corresponding objects.

In the studies discussed so far, children produced spellings by hand. We used a different procedure
at Time 1 of the current study, asking children to arrange preformed letters to spell words. This
allowed us to test an alternative explanation for the positive monogram and digram correlations
and high idiogram proportions that have been observed in previous studies—that the results reflect
not graphotactic knowledge but rather children’s enhanced ability to physically produce common let-
ters and letter groups and letters from their own name. Speaking to the plausibility of this alternative
explanation, several studies show that U.S. 3- to 5-year-olds are better at writing letters from their
own name than writing other letters (Puranik, Petscher, & Lonigan, 2014; Treiman & Broderick,
1998). According to other studies, at least children at the older end of this age range are also better
at writing letters that are more frequent in their language than those that are less frequent
(Puranik, Petscher, & Lonigan, 2013; Treiman & Kessler, 2011; but see Puranik et al., 2014). If
prephonological spellers show positive monogram and digram correlations in the preformed letter
task, where letter production is not required, this would provide stronger evidence than heretofore
available that they have some graphotactic knowledge and that they use it in their spelling.

As another way of testing whether prephonological spellers possess some knowledge about the
visual appearance of words, we administered a forced-choice graphotactic test at Time 1. In this type
of test, children are shown pairs of letter strings, neither one of which is a word of their language, and
are asked which item in each pair looks more like a word. Such tests have been used with school-aged
children (e.g., Conrad, Harris, & Williams, 2013; O’Brien, 2014), but less so with younger children. Our
graphotactic test began with trials that contrasted strings of letters of the Latin alphabet with strings
of symbols from other writing systems. Treiman, Cohen, Mulqueeny, Kessler, and Schechtman (2007)
reported good performance on such trials in a group of U.S. children with a mean age of 3;8 (years;
months), and Levy, Gong, Hessels, Evans, and Jared (2006) found above-chance performance in their
Canadian sample by around age 4;6. Neither of these studies examined a group of children who were
identified as prephonological spellers, and we did so here. Other trials on the graphotactic test con-
trasted strings of varied letters (e.g., ‹GYXZ›) with strings in which the same letter was repeated mul-
tiple times (e.g., ‹GGGG›). Ferreiro and Teberosky (1982) suggested that children who do not yet
represent phonology in their spelling know that the letters within a word are not normally all the
same, but no study using a forced-choice task has directly tested prephonological spellers’ knowledge
of within-word variation. Our graphotactic test also included pairs of letter strings that differed in
monogram frequency, digram frequency, or both monogram and digram frequency. Cassar and
Treiman (1997) found that U.S. children who did not represent phonology in their spelling performed
at the level of chance on trials that contrasted an itemwith a more common digram, such as ‹jull›, with
an item with a less common digram, such as ‹jukk›. In that study, the items with more common
digrams usually had more common letters as well.

To obtain further information about the prephonological spellers, we assessed their knowledge of
letter names and sounds. Some studies have reported that prephonological spellers can identify the
3
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names and sounds of some letters when the letters are presented in isolation (Kessler et al., 2013;
Pollo et al., 2009), and we asked whether we would replicate that result. We also included a test of
phonological awareness, specifically awareness of rhyme and alliteration. Phonological awareness is
important for literacy (e.g., Ehri et al., 2001), but to our knowledge it has not been assessed in
prephonological spellers. Finally, we asked children to read a set of common simple words at Time
1. We expected that, as in previous studies, most prephonological spellers would be unable to read
any of the words (e.g., Pollo et al., 2009; Zhang & Treiman, 2015).

Our study was designed not only to examine prephonological spellers at Time 1 but also to exam-
ine the relationship of Time 1 spelling to spelling and word reading at later time points. Longitudinal
studies suggest that spelling and word reading skills are fairly consistent across time (e.g., Landerl &
Wimmer, 2008; Treiman et al., 2019). However, many longitudinal studies did not test spelling before
around 6 years of age, and there are questions about how to score early spellings that are far from con-
ventional (e.g., Lee & Al Otaiba, 2017). We asked whether the binary classification of Time 1 spelling as
prephonological or not was a significant predictor of performance on standardized tests of spelling
and word reading at Times 2, 3, and 4. Such a relationship, if found, would provide evidence for the
stability of literacy skills from an early point in development. It would also suggest a useful method
of assessing early spelling.

We also looked within the group of prephonological spellers, asking whether properties of their
Time 1 spellings and their levels of performance on the other Time 1 tests were related to their spel-
ling and word reading skills at later time points. In the only previous study to have investigated these
matters, Kessler et al. (2013) identified a group of Brazilian prephonological spellers with a mean age
of 4;3 based on their performance on a 12-word spelling test. Two and a half years later, the children
were given a standardized spelling test. Looking at the 24 children who were prephonological spellers
at Time 1, who produced at least one spelling that contained more than a single letter (so that a
digram correlation value could be calculated), and who had follow-up data at Time 2, Kessler et al.
found a positive correlation between the digram correlation at Time 1 and the number of correct spel-
lings at Time 2. When digram correlation was statistically taken into account, moreover, children who
had higher idiogram proportions at Time 1 tended to be poorer spellers at Time 2 than children who
had lower idiogram proportions. These findings suggest that children who attend to a wide range of
words, not only their own name, have begun a process of implicit statistical learning about graphotac-
tic patterns that provides a foundation for later success. We asked whether similar results would
emerge with U.S. learners of English when the spelling test at Time 1 involved preformed letters.
We also asked whether prephonological spellers’ performance on the forced-choice graphotactic test
and the other Time 1 tests were related to their later spelling and reading performance.

To summarize, the current longitudinal study had two goals. The first goal was to learn more about
prephonological spelling. To do this, we examined the spellings themselves—what they revealed about
the children’s phonological knowledge and graphotactic knowledge. We also examined the prephono-
logical spellers’ performance on tasks outside the spelling task, including tests of phonological aware-
ness, letter knowledge, and graphotactic knowledge. The second goal of the study was to examine how
early spelling relates to later spelling and word reading performance. Specifically, we asked whether
children who were identified as prephonological spellers at Time 1 were poorer readers and spellers at
later time points than children who were not identified as prephonological spellers. We also asked
whether prephonological spellers who performed better on the Time 1 tests of phonological aware-
ness, letter knowledge, and graphotactic knowledge fared better at the later time points than
prephonological spellers who performed more poorly. To address these goals, we tested children sev-
eral years before formal literacy instruction began and used quantitative procedures to identify
prephonological spellers. We then administered standardized spelling and reading tests yearly over
the following 3 years.
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Method

Participants

A total of 106 children (44 girls and 62 boys) were tested at Time 1. The majority of the children
were White. The children attended one of seven preschool programs in the St. Louis, Missouri, area
in the midwestern United States. Such programs are designed for children before they start kinder-
garten, which U.S. children typically start after they have passed their fifth birthday. Kindergarten
is the first year at which U.S. school districts provide government-funded education for all students.
Most U.S. preschool programs, including the ones in our study, require substantial tuition payments.
The preschool programs that our participants attended did not offer formal instruction in reading or
spelling. Some preliteracy skills (e.g., letter identification) were taught informally in the preschools, as
in many U.S. homes (e.g., Farry-Thorn, Treiman, & Robins, 2020). A year after the initial test, at Time 2,
96 of the 106 children were retested. At this point, 70 of the children were in kindergarten at either a
government-supported school or a fee-paying school. The other 26 children were still in preschool.
Time 3 testing took place 1 year later, when the majority of the children were in first grade, and Time
4 testing took place 1 year after that, when the majority of the children were in second grade. The first
and second columns of data in Table 1 provide information about the number of children tested at
each point and their ages. Information about date of birth was not available for 4 children, 2 of whom
participated only at Time 1. Because children were grouped in preschool classrooms by age, we used
estimates for age for these children that were based on the average date of birth of the other partic-
ipants in the classroom. The fact that many U.S. children change schools after preschool or kinder-
garten contributed to attrition in this study; some families also moved out of the area. Ethical
approval for the study was granted by Washington University in St. Louis, and children participated
with parental consent.

Stimuli and procedure

Time 1
Children were tested individually in a quiet room at their preschool. On the first day of testing, chil-

dren spelled half of the words in the spelling test and participated in the letter name and reading tests.
The second day of testing was devoted to the remaining words of the spelling test and the letter sound
test. On the third day, children did the first half of the trials in the graphotactic test and then did one
part of the phonological awareness test (alliteration or rhyme, counterbalanced), the other half of the
items in the graphotactic test, and the other part of the phonological awareness test.

Spelling test. We used the 24 nouns from Zhang and Treiman (2015), which are listed in the Appendix.
The words varied in the size of the object they represented and in their phonological length (range = 3–
9 phonemes and 1–4 syllables). We created a short sentence for each word together with a picture of a
girl engaging in the activity described in the sentence. On each trial, the experimenter said the word,
read the sentence, showed the child the picture, and asked the child to repeat the word. The experi-
menter then asked the child to spell the word by using black magnetic letters that were placed at the
top of a white board. The child was asked to choose the appropriate letters and affix them to the bot-
Table 1
Information about children tested at each time point and raw scores on WRAT spelling and reading subtests at Times 2, 3, and 4.

Time n Mean (and standard deviation)
age (years;months)

Mean (and standard deviation)
WRAT spelling score

Mean (and standard deviation)
WRAT reading score

1 106 4;9 (0;6) – –
2 96 5;8 (0;6) 15.91 (4.31) 17.78 (5.54)
3 81 6;8 (0;6) 21.28 (3.68) 25.52 (6.33)
4 76 7;8 (0;6) 24.99 (4.01) 33.04 (6.31)

Note. WRAT, Wide Range Achievement Test.
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tom part of the board. For example, the experimenter said, ‘‘The first word is ‘watermelon’. Look, the
girl is eating some delicious watermelon. Can you say ‘watermelon’? Can you spell ‘watermelon’?” On
each trial, uppercase versions of all 26 letters of the alphabet were arranged in two randomly ordered
rows at the top part of the board. The experimenter replaced a letter after the child had used it so that
the child could use the same letter again if desired. The words were presented in a different random
order for each child. The experimenter encouraged children to spell the words to the best of their abil-
ity and praised their attempts regardless of correctness.

Graphotactic test. On each trial, the experimenter showed the child two cards with writing on them
and asked the child which card looked more like a word. The specific instructions were as follows:
‘‘I am going to show you two things, and I want you to tell me which one of these two looks more like
words that your teacher would read for you. You probably never saw any of these before, but I want
you to give your best guess as to which one looks more like a word that you would see in a book.”
Models of a book and a trash can were placed on the table at which the experimenter and child sat.
The chosen item was placed inside the book, and the rejected item was placed in the trash can.

The graphotactic test included 10 trials of each of five types, as shown in the Appendix. The Latin
trials contrasted strings of letters of the Latin alphabet with strings of Bengali (5 trials) or Greek (5
trials) symbols. We expected our participants to do fairly well on these trials given earlier findings
(Levy et al., 2006; Treiman et al, 2007), and we placed them first so that children would develop some
confidence at the beginning of the test. Trials of the four other types, randomly intermixed, were pre-
sented on subsequent trials. The variation trials contrasted strings with varied letters, such as ‹GYXZ›,
and strings in which the same letter was repeated, such as ‹GGGG›. Within each pair, the summed fre-
quency of the letters and of the digrams was lower for the item with varied letters than for the item
with repeated letters. If children chose the strings with varied letters, therefore, this would seem to
reflect a preference for variation per se and not a preference for common letters or digrams. In the tri-
als that manipulated both monogram frequency and digram frequency, the more wordlike item in
each pair had both higher-frequency letters and higher-frequency digrams than the less wordlike
item. For example, the letters in ‹TID› are more common than the letters in ‹XUQ›, and the digrams ‹TI›
and ‹ID› are more common than the digrams ‹XU› and ‹UQ›. The items in these pairs had consonant and
vowel letters in the same positions. The trials that manipulated only monogram frequency contrasted
strings that were higher versus lower in the summed frequency of their letters. For example, the let-
ters in ‹SFH› are more common than those in ‹KQV›. The frequency of all the digrams in these items
was zero, meaning that choices of the item with more frequent letters could not reflect knowledge
of digram frequency. For each type of trial mentioned so far, both strings in a pair contained either
three or four characters. Finally, the trials that manipulated only digram frequency contrasted four-
letter strings with more common and less common digrams that were composed of the same letters.
For example, the digrams in ‹CHIS› are more common than the digrams in ‹CIHS›. We used uppercase
letters of the Latin alphabet in our stimuli because U.S. youngsters are more familiar with them than
with lowercase letters (Anthony, Chen, Williams, Cen, & Erazo, 2021; Bowles, Pentimonti, Gerde, &
Montroy, 2014).

In constructing the stimuli for the graphotactic task, we used counts of monogram and digram fre-
quency that were computed from the words used in Treiman and Kessler (2003). These are the 6232
words for which Zeno, Ivens, Millard, and Duvvuri (1995) listed the dispersion-adjusted frequency in
books for North American kindergarten and first-grade children and that are also listed in the Carnegie
Mellon University (CMU) pronouncing dictionary (CMU, 1998). These counts pool across letter case.
Counts for uppercase letters in children’s books were not available when we constructed the stimuli.
We later checked our stimuli using counts of uppercase letters in picture books for children from birth
to 5 years of age that were provided by Fears and Lockman (2020), finding that the more wordlike
items on the trials that manipulated both monogram and digram frequency and the trials that manip-
ulated only monogram frequency also had higher-frequency letters according to these counts.

Alphabet knowledge test. On the letter name portion of the test, which was the same as that used by
Pollo et al. (2009), the child was shown a board on which uppercase versions of all 26 letters of the
alphabet were placed in a random order. The child was asked to indicate the letter that corresponded
6
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to the name spoken by the experimenter. The letters were queried in a different random order for each
child, and the experimenter did not provide feedback about the correctness of the child’s responses.
The letter sound trials used the same board and letters. The child was asked to choose the letter that
spelled the sound produced by the experimenter. The Appendix shows the 20 sounds that were tested.

Phonological awareness test. For the rhyme portion of the test, the child was asked to choose which
word of two words ended like a target word. There were 3 practice trials that were not scored, fol-
lowed by 10 test trials. Children were given corrective feedback on all trials to help ensure that they
understood the task. The words were presented orally along with pictures. For each trial, the picture of
the target word was at the top of a page and the pictures of the two choices were below it. The correct
answer was on the left for half of the trials and on the right for the other half. The practice trials were
presented in the same order for each child, and the test trials were presented in a random order. The
alliteration portion of the test was similar to the rhyme portion except that the child was asked which
word of two words began like a target word. The items are listed in the Appendix.

Reading test. In this test, the same one used in several previous studies (e.g., Pollo et al., 2009; Zhang &
Treiman, 2015), the experimenter showed the child a series of 11 cards. Each card had two words and
a picture on it. For each card, the experimenter asked children to identify any items they knew. If the
child did not identify the items, the experimenter pointed to each item in turn and asked whether the
child knew it. The order of presentation of the cards was randomized for each child, and the experi-
menter praised every response from the child. Only reading of the words was scored; the pictures
were included to make the task more accessible for children who could not read. The words are listed
in the Appendix.

Times 2, 3, and 4
Children were given the spelling and word reading subtests of the fourth edition of the Wide Range

Achievement Test (WRAT; Wilkinson & Robertson, 2006) at each of these time points. This testing was
conducted in the children’s schools or homes.

Results

We begin by describing how we identified the group of most interest—children who were
prephonological spellers at Time 1. We then report analyses of these children’s Time 1 spellings, ask-
ing what these spellings reveal about the children’s graphotactic and phonological knowledge. To
obtain further information about the prephonological spellers’ graphotactic and phonological knowl-
edge, we also examine their performance on the other Time 1 tests. In the next set of analyses, we ask
whether the children who were prephonological spellers at Time 1 performedmore poorly on the later
spelling and reading tests than the children whose spelling was not prephonological at Time 1. Finally,
we look within the group of children who were prephonological spellers at Time 1, asking whether
their performance on the Time 1 measures helped to predict their later spelling and reading scores.
The data and programs for analysis may be found at the Open Science Framework (https://osf.io/
g8uqk/).

Identification of prephonological spellers

To identify the prephonological spellers at Time 1, we adapted a procedure introduced by Pollo
et al. (2009). The first step was to compute the distance between a child’s spelling of a word and
the word’s pronunciation by finding the best possible match between the sounds and the letters.
We used the scheme of Treiman and Kessler (2004), which accepts phonologically plausible spellings
such as ‹c›, ‹k›, and ‹q› for /k/, does not require letters to be in the correct sequence, and does not penal-
ize extraneous letters. Using a computer program (Kessler, 2009), we counted 1 unit of error for each
addition that would be needed to transform the child’s spelling into a plausible spelling. Two letters
would need to be added to change a child’s ‹a› for ‘‘ant” into a plausible spelling, for example, so this
7
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spelling would receive an error score of 2. A correct spelling does not require any changes, so it would
receive an error score of 0. We summed the error scores across all the spellings that a child produced.
To compare the child’s score with that expected by chance, the computer program then randomly
matched the child’s spellings to the target words and rescored the spellings as if they had been
attempts to spell those words. This rearranged scoring was performed 1000 times. The program com-
puted the proportion of rearranged scorings for which the error score was at least as good as the
child’s original score. We classified a child as a prephonological speller if the p value of the hypothesis
that the child’s spellings reflect the phonemes in the target word was greater than .30. Although any p
value cutoff is arbitrary, we used a cutoff that was higher than .05 in order to be more confident that
any apparent resemblances between a child’s spellings and phonologically plausible spellings were
due to chance. This procedure identified 53 prephonological spellers (mean age = 4;8; 22 girls and
31 boys).

Prephonological spellers’ performance at Time 1

Monogram correlation, digram correlation, and idiogram proportion in spelling test
To examine whether monogram use by prephonological spellers reflected the patterns of English

text, we summed the frequency with which a child used each letter of the alphabet across all the
child’s spellings. We then calculated the Kendall rank correlation coefficient between these values
and the frequency counts of the letters in the set of kindergarten and first-grade words used in
Treiman and Kessler (2003). Table 2 shows the mean, standard deviation, and range of the monogram
correlation measure for the prephonological spellers. The mean value of the monogram correlation
measure was significantly greater than zero (p < .001 by a one-tailed t test).

We also calculated the digram correlation for each prephonological speller—the Kendall rank cor-
relation coefficient between the frequencies with which the child used each digram across all the
child’s spellings and the frequency counts of the digrams that were computed from the words used
in Treiman and Kessler (2003). Table 2 provides information about the digram correlation measure
for the 51 prephonological spellers who produced at least one spelling that had more than a single let-
ter. The mean value of the digram correlation measure was significantly greater than zero (p < .001,
one-tailed).

As a measure of the extent to which prephonological spellers used letters from their given name
when spelling the dictated words, we calculated the proportion of letters that a child used that were
found in the child’s name out of all letters that the child used. Multiple instances of the same letter
counted multiple times. Table 2 provides information about this idiogram proportion.

Length of productions in spelling test
To test the hypothesis that the number of letters that prephonological spellers use is influenced by

the size of the corresponding object but not by the number of phonemes in the spoken word, we con-
ducted a mixed-model analysis of the spelling data at the level of trials. The dependent variable was
the number of letters in the child’s spelling. The fixed factors were the number of phonemes in the
spoken word and the size of the corresponding object, and there were random intercepts for partici-
pants. Object size was determined by a person who was not familiar with the goals of the study and
who looked up descriptions of the objects online and determined the largest dimension of a typical
exemplar in meters. This measure was log transformed in order to provide a more linear relationship
Table 2
Kendall correlation coefficients between Time 1 spelling frequencies and corpus or own-name
frequencies for prephonological spellers.

Variable M SD Range

Monograms .08 .16 �.29 to .45
Digrams .03 .05 �.10 to .19
Idiograms .24 .08 .08 to .46
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with number of letters. There was a significant but weak effect of object size, such that prephonolog-
ical spellers used more letters to write words for larger objects than to write words for smaller objects
(b = 0.116, SE = 0.058, p = .044). The prephonological spellers did not produce longer strings of letters
for words that contained more phonemes than for words that contained fewer phonemes (b = � 0.008,
SE = 0.037, p = .832). The results were very similar when we used number of syllables rather than num-
ber of phonemes as a measure of phonological length.

Graphotactic test
Table 3 shows the mean and standard deviation proportion of correct responses for each type of

trial in the graphotactic test. We constructed a logistic regression model using trial type as a fixed fac-
tor and participants as a random factor. The trials that manipulated only digram frequency were the
reference level for trial type. The model showed that the prephonological spellers performed signifi-
cantly better on the Latin trials than on the trials that manipulated only digram frequency (b = 2.016,
SE = 0.162, p < .001). In addition, performance on the variation trials (b = 1.015, SE = 0.136, p < .001)
and on the trials that manipulated both monogram frequency and digram frequency (b = 0.350,
SE = 0.129, p = .007) significantly exceeded performance on the trials that manipulated only digram
frequency. Performance as predicted by the model significantly exceeded the .50 that would be
expected by chance on the Latin trials, the variation trials, and the trials that manipulated both mono-
gram frequency and digram frequency. Children did not perform significantly better on the trials that
manipulated only monogram frequency than on the trials that manipulated only digram frequency
(b = 0.112, SE = 0.129, p = .383), showing chance-level performance on both types of trials.

Alphabet knowledge test
Table 3 provides information about the prephonological spellers’ performance on the name and

sound portions of the test. A logistic regression model with trial-level data using name versus sound
as a fixed factor and participants as a random factor showed that correct responses were more likely
on names than on sounds (b = 2.024, SE = 0.118, p < .001). Performance on both the name and sound
portions of the test as predicted by the model significantly exceeded the level that would be expected
if children pointed to a letter at random on each trial.

Phonological awareness test
Table 3 provides information about the prephonological spellers’ performance on the rhyme and

alliteration portions of the test. A logistic regression model using rhyme versus alliteration as a fixed
factor and participants as a random factor showed that correct responses were more likely for rhyme
than for alliteration (b = 0.729, SE = 0.162, p < .001). On both rhyme and alliteration, performance as
predicted by the model significantly exceeded the level of .50 that would be expected by chance.
Table 3
Mean and standard deviation proportion correct responses for prephonological spellers on Time 1
tests.

Measure M SD

Graphotactic test (n = 51)
Latin trials .87 .24
Variation trials .71 .32
Monogram and digram frequency trials .57 .20
Monogram frequency trials .52 .18
Digram frequency trials .49 .16

Alphabet knowledge test
Name (n = 52) .65 .32
Sound (n = 52) .33 .26

Phonological awareness test
Rhyme (n = 52) .85 .17
Alliteration (n = 52) .73 .18

Reading test (n = 53) .02 .04
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Reading test
The mean proportion of correct responses was very low, as Table 3 shows. The majority of the

prephonological spellers could not read any of the words.
Later spelling and reading performance as a function of whether children were prephonological spellers at
Time 1

The two rightmost columns of Table 1 show children’s raw scores on the spelling and word reading
subtests of the WRAT at Times 2, 3, and 4. The corresponding standard scores were from 105 to 110.
(These values omit cases in which standard scores could not be calculated because the child was too
young.) To determine whether children who were classified as prephonological spellers at Time 1
tended to be poorer spellers and readers at later points than children who were not, we conducted
two mixed-model analyses using data from all 96 children who had data on the WRAT from at least
one later time point. The dependent variable was the raw score on the spelling subtest of the WRAT in
one model and the raw score on the reading subtest in the other model. The predictor in each model
was whether the child was a prephonological speller at Time 1, and there were random intercepts for
participants and age at the WRAT test. The models for both spelling and word reading showed lower
scores for children who were prephonological spellers at Time 1 than for children who were not (spel-
ling: b = � 2.067, SE = 0.497; reading: b = � 3.507, SE = 0.944; p < .001 for both).
Later spelling and reading performance of children who were prephonological spellers at Time 1

We conducted a series of mixed-model analyses with data from children who were prephonolog-
ical spellers at Time 1 in which we predicted later raw scores on the WRAT spelling and reading sub-
tests from measures of Time 1 performance. We conducted one analysis for each of spelling and
reading using each of monogram correlation, digram correlation, idiogram proportion, graphotactic
test performance, alphabet knowledge, and phonological awareness. We dropped the data from 1
child who completed only the first 16 trials of the graphotactic test in the analyses that included this
variable. The critical p value was set at .004 (.05/12) in light of the multiple tests. According to this
conservative criterion, the only significant effect was that of alphabet knowledge in the case of spel-
ling (b = 3.490, SE = 1.147, p = .004).

In an analysis like that of Kessler et al. (2013), we predicted later spelling scores from both digram
correlation and idiogram proportion at Time 1. As in Kessler et al., this analysis used a version of the
digram correlation measure in which the summed order of the letters of the digram in the alphabet
served as a covariate in light of evidence that children tend to learn the earlier letters of the alphabet
better than they learn the later letters (McBride-Chang, 1999). The effect of digram correlation was not
significant (b = � 1.024, SE = 6.136, p = .868), nor was the effect of idiogram proportion (b = � 2.977,
SE = 3.974, p = .458).
Discussion

Before they have begun formal instruction in reading or spelling, some children write words using
letters that do not reflect the conventional name or sound values of the letters. Traditionally, these
prephonological spellings have been interpreted to show that children possess little knowledge about
the workings of their writing system (Gentry, 1982). There has been relatively little research on
prephonological spelling, with more emphasis on the invented spellings that children produce as they
get older. Some researchers who have analyzed prephonological spellings, however, have suggested
that they reveal implicit knowledge about the frequencies with which letters and letter groups appear
in print and that children whose spellings show more such knowledge are in a better position to suc-
ceed when formal literacy instruction begins (e.g., Kessler et al., 2013). The goal of the current study
was to learn more about the nature of prephonological spelling, the skills of prephonological spellers,
and the connections between prephonological spelling and later spelling and reading performance.
10
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We identified a group of children who, as preschoolers, did not use phonologically plausible letters
more often than expected by chance when asked to arrange preformed letters to spell words. These
children, like those in previous studies where children wrote by hand (Treiman & Boland, 2017;
Treiman et al., 2013, 2018), did not even use more letters to write phonologically longer words than
to write phonologically shorter words. Rather, the children tended to use more letters for words that
represented larger objects, as observed in previous experimental (Zhang & Treiman, 2015) and infor-
mal (Ferreiro & Teberosky, 1982) studies.

Although the prephonological spellers’ productions did not reveal use of phonological knowledge,
the children showed some phonological awareness and some knowledge of letter names and sounds
when these skills were tested in isolation. Several previous studies have reported that prephonological
spellers perform above the level expected by chance when asked about the names and sounds of indi-
vidual letters (Kessler et al., 2013; Pollo et al., 2009), but to our knowledge no previous study has
assessed phonological awareness in prephonological spellers.

The productions of the prephonological spellers, when examined as a group, did reveal some
graphotactic knowledge. Specifically, the monogram and digram correlations significantly exceeded
those expected by chance. The evidence for graphotactic knowledge is stronger than in previous stud-
ies where prephonological spellers wrote by hand (e.g., Treiman et al., 2018) given that the above-
chance monogram and digram correlations observed in previous studies could reflect the greater ease
of physically producing common letters and letter sequences than of physically producing less com-
mon ones. However, the monogram and digram correlations observed here appear to be smaller than
those in U.S. prephonological spellers of similar ages and backgrounds who wrote by hand. The mean
values for the monogram and digram correlation measures were .08 and .03, respectively, in the cur-
rent study as compared with .24 and .11 in Treiman et al. (2018). The mean idiogram proportion was
also lower here—.24 as compared with .49 in Treiman et al. Comparisons across studies must be made
with caution, and it will be important to make direct comparisons in the future. But the apparent dif-
ferences across tasks suggest that ease of writing is a partial explanation for the positive monogram
and digram correlations and high idiogram proportions observed in previous studies using a hand-
writing task. Importantly, however, it is not the full explanation. Although the children in the current
study sometimes seemed to pick letters based on their positions in the array, based on our informal
observations, their choices were affected by the frequencies of the letters.

Examining the prephonological spellers as a group, we found evidence of graphotactic knowledge
not only in the spellings that children produced but also in a forced-choice test. The prephonological
spellers performed above the level expected by chance on several types of trials, including those
assessing knowledge about the visual symbols of their writing system and those assessing knowledge
that the letters in a word are usually not all the same. Some previous studies have pointed to knowl-
edge of such matters in children who have not begun formal literacy instruction (Lavine, 1977; Levy
et al., 2006; Tolchinsky Landsmann & Karmiloff-Smith, 1992; Treiman et al, 2007), but no previous
study has documented above-chance performance in children whose spelling has been identified as
prephonological. Our prephonological spellers also performed significantly above the level of chance
when strings in which both the monograms and digrams were common (e.g., ‹TID›) were paired with
strings in which both the monograms and digrams were less common (e.g., ‹XUQ›). A previous study
reported chance-level performance by U.S. children with poor phonological spelling ability on trials
contrasting items like ‹jull› and ‹jukk›, where one item had a more common digram (‹ll› in the example)
that was in most cases composed of more common letters (Cassar & Treiman, 1997). Children’s poor
performance in that study might have reflected the fact that the items differed in only half of their let-
ters as compared with all their letters here. Although our prephonological spellers demonstrated some
graphotactic knowledge in the forced-choice test, this knowledge was limited. The children performed
at chance levels on trials that manipulated only monogram frequency and on trials that manipulated
only digram frequency.

We did not find evidence to support the view that advanced graphotactic knowledge before phono-
logical spelling skills emerge is a predictor of good spelling outcomes (Kessler et al., 2013). Unlike in
the study of Kessler et al. (2013), prephonological spellers who used digrams in proportion to their
frequency of occurrence in the language were not significantly better spellers during later years of
the study and children who used more letters from their own name were not poorer spellers. In addi-
11
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tion, the relationship between performance on the Time 1 graphotactic test and later literacy skills did
not meet our criterion for statistical significance. The current study examined learners of English,
whereas Kessler et al. studied learners of Portuguese. However, there is no reason to think that
graphotactic knowledge would be less important for learning English than for learning Portuguese.
The different results might reflect the fact that the children tested by Kessler et al. wrote their spel-
lings by hand, whereas the children tested here used preformed letters. As mentioned above, the
monogram and digram correlations were lower in the current study than in previous studies where
prephonological spellers wrote words by hand. Given that a number of children in the current study
showed monogram and digram correlations that were near zero and performance on the graphotactic
task that was close to the level expected by chance, we did not have very sensitive measures of early
graphotactic knowledge. This lack of sensitivity may explain the nonsignificant relationship with later
literacy performance. Rothe, Schulte-Körne, and Ise (2014) offered a similar explanation for their find-
ing that in German children performance on a forced-choice graphotactic test at 6 years of age was not
significantly related to reading skill 1 year later. Further research is needed to investigate these issues.

Our results do suggest that preschoolers who do not yet use phonology in their spelling as they
approach 5 years of age are less advanced in the process of literacy development than their peers
and are likely to perform more poorly in both spelling and word reading at later time points. These
results speak to the importance of phonology in early spelling in alphabetic writing systems and
the stability of literacy skills. Researchers often assess children’s early spellings by judging whether
the letters seem to have been produced at random or whether the spellings seem to be more advanced
(e.g., Lee & Al Otaiba, 2017; Levin, Share, & Shatil, 1996; Milburn et al., 2017; Ouellette & Sénéchal,
2017). Our procedure is more systematic, comparing a child’s use of phonologically plausible letters
across a list of words with that expected by chance. Our procedure also has the advantage of not
requiring researchers to score the spellings by hand. Our results show that early signs of phonological
spelling can be detected, and they suggest that children who do not show signs of phonology in their
spelling as they near the age of kindergarten entry may need special attention.

Our results further suggest that alphabet knowledge and phonological awareness, as assessed or
taught in isolation, are not sufficient to allow for phonological spelling and decoding. Even though
our prephonological spellers performed above the level expected by chance on the phonological
awareness test, they did not put this knowledge into use in spelling. What predicted later reading
and spelling performance was the ability to use phonological skills and letter knowledge to spell
words rather than to use phonological awareness and alphabet knowledge as measured individually.
These results align with other findings pointing to the limitations of teaching phonological awareness
and alphabet knowledge as isolated skills (e.g., Ball & Blachman, 1991; Hatcher, Hulme, & Ellis, 1994).
Children must learn to use this knowledge to decode and spell words, and instruction should be
designed to help them do so.
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Appendix

Spelling test: ant, asparagus, bear, beetle, bug, bus, butterfly, button, castle, dinosaur, drop,
grasshopper, macaroni, mosquito, motorcycle, orangutan, spider, teacher, thermometer, tiger, truck,
volcano, waterfall, watermelon.

Graphotactic tests (more wordlike item is first in each pair):

Latin trials: BOKY XRCD; FLOM জঝঞট; FOBY PRU; GYC অইআ; MIB ঈৠউ; PAME KUWH; PIV
CDW; PRYM ঠডঢণ; WAB ঋঌএ; ZYO HKN.
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Variation trials: BYMQ BBBB; CZXV CCCC; DWP DDD; FWYX FFFF; GYXZ GGGG; LFC LLL; NCBV
NNNN; PWB PPP; SYZ SSS; TJY TTT.
Monogram and digram frequency trials: DERS VUXK; DRL QVJ; LER VUF; LIRL KUVK; RAS KUZ; SLD
FJV; STRN PBXK; TID XUQ; TONT ZUJZ; TRND QMVB.
Monogram frequency trials: HCW JXV; IHQ KZX; IWG VXQ; LGC ZJQ; MTJ ZFQ; NPD QXJ; QAO ZJP;
SFH KQV; UWC QZX; WTK PZV.
Digram frequency trials: ANGH AHGN; ANJO AOJN; ERSH EHSR; IMPH IHPM; JIDS IJSD; KESH EKHS;
OUEA AEUO; QUGH UQHG; TWNT TNWT; USCH UHCS.

Alphabet knowledge test:

Letter name: all 26 letter names
Letter sound: (letter(s) counted as correct for each sound is indicated in parentheses): /b/ (B), /d/
(D), /f/ (F), /ɡ/ (G), /h/ (H), /j/ (Y), /k/ (C, K, Q), /l/ (L), /m/ (M), /n/ (N), /p/ (P), /r/ (R), /s/ (C, S, Z), /t/ (T),
/v/ (V), /w/ (W), /æ/ (A), /ɑ/ (A, O), /e/ (E), /ɪ/ (I).

Phonological awareness test (target word for each trial is shown first, followed by correct choice
and incorrect choice; first three trials of each task are practice trials):

Rhyme: sail, nail, boot; fig, wig, bird; cat, hat, pear; boat, goat, peach; box, fox, leg; fish, dish, coin;
hay, tray, box; hen, pen, car; hill, pill, dice; house, mouse, bus; sand, hand, cup; sun, gun, tap; wall,
ball, dog.

Alliteration: ship, shell, band; can, cap, deer; pin, pig, sheep; bat, bag, cheese; bed, bell, ham; bib,
book, cane; coach, coat, web; doll, duck, frog; foot, fan, bike; goose, gum, phone; map, mat, cake;
train, truck, whale; tub, tooth, girl.

Reading test: BOOK, COME, DOG, EAT, GO, GREEN, IN, IS, IT, JUMP, LOOK, NO, PLAY, RED, SEE, STOP,
THE, UP, YELLOW, YES, YOU, WE.
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