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Abstract

We investigated the stability and developmental interplay of word reading and spell-
ing in samples of Swedish (N=191) and U.S. children (N=489) followed across
four time points: end of kindergarten, grades 1, 2, and 4. Cross-lagged path models
revealed that reading and spelling showed moderate to strong autoregressive effects,
with reading being more predictable over time than spelling. Regarding the devel-
opmental interplay, we found a bidirectional relationship between reading and spell-
ing from kindergarten to Grade 1. However, starting in Grade 1, reading predicted
subsequent spelling beyond the autoregressor but not the other way around. In all
analyses, the findings were similar across the two orthographies. The theoretical and
practical implications of these findings are discussed.

Keywords Word reading - Spelling - Stability - Developmental interplay - Cross-
linguistic

Proper literacy skills are crucial for academic achievement, job opportunities, and
social participation (Duncan et al., 2007; Savolainen et al., 2008). Word reading and
spelling are two core components of literacy development, representing the building
blocks of reading comprehension and writing composition (Berninger et al., 2002;
Gough & Tunmer, 1986). Empirical studies have demonstrated that word reading
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and spelling are intricately associated (e.g., Swanson et al., 2003), relying on the
same orthographic, phonological, and semantic components (Apel, 2009; Caravolas
etal.,2012; Furnes et al., 2019; Georgiou et al., 2012). However, relatively few of the
studies investigating their relationship have been longitudinal, and most have been
conducted in English-speaking countries (but see Georgiou et al., 2020).

The present study aimed to examine the stability and developmental relations of
word reading and spelling skills in Swedish and U.S. children transitioning from
kindergarten to grades 1, 2, and 4. This research can inform theories regarding the
interplay between reading and spelling. It can also inform educational strategies to
support children learning to read and spell.

The relationship between word reading and spelling

Word reading and spelling can be seen as two sides of the same coin, as both skills
rely on understanding the alphabetic principle and the ability to memorize spelling
patterns (Ehri, 2000). This relatedness has been shown in correlational, interven-
tion, neuroimaging, and behavior genetic studies (e.g., Bates et al., 2004; Pugh et al.,
2006; Rapp and Lipka, 2011; Swanson et al., 2003). Despite these similarities, theo-
rists have argued that reading and spelling have some different properties (e.g., Bos-
man and Van Orden, 1997; Ehri, 2000). Bosman and Van Orden (1997) propose that
reading and spelling are supported by a network of bidirectional relations between
phonemic, graphemic, and semantic information. They claim, however, that spelling
is more difficult to learn than reading. One reason is that correct spelling relies on the
production of an orthographic pattern and therefore requires a precise representation
of'a word in memory. This is optional for reading to the same extent, as partial cues in
words can facilitate recognition (e.g., Conrad, 2008; Frith, 1980; Moll and Landerl,
2009; Ouellette et al., 2017). Another reason spelling is more difficult to learn than
reading is that the links between graphemes and phonemes are generally more regu-
lar for reading than for spelling in alphabetic writing systems (e.g., Galuschka et
al., 2020). In other words, the number of graphemes to choose from when writing
phonemes is larger than the number of phonemes available for the pronunciation of
graphemes.

Several influential theories have discussed the developmental interplay of reading
and spelling. Frith (1986) argues that reading and spelling follow somewhat different
developmental trajectories. Her model of literacy acquisition suggests that reading
is the pacemaker in the pre-alphabetic stage of literacy development when children
use visual (logographic) knowledge to represent a word (Stage 1). In contrast, spell-
ing reinforces the use of alphabetic knowledge to decode words (Stage 2). Specifi-
cally, the spelling of simple words helps children understand the alphabetic principle,
positively affecting their decoding of common words. Further, when children acquire
word-specific representations in memory (orthographical knowledge, Stage 3), these
representations are at first generally inaccurate and only suffice to recognize words,
not to spell them. According to Frith, it is not until the representations of words are
more accurate in children’s memory that this knowledge gradually supports spelling
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development. Frith’s framework suggests a shift in prediction patterns between read-
ing and spelling once basic literacy skills are achieved.

Ehri (1995) argues that reading and spelling constantly reinforce each other during
development and that the progression through the different phases is more or less the
same in reading and in spelling. Moreover, Ehri emphasizes that both skills build up
children’s word-specific representations, facilitating subsequent reading and spelling
development. A similar view has been put forward in the self-teaching hypothesis
(Share, 1995), suggesting that the understanding that specific graphemes represent
phonemes (reading) and that specific phonemes are represented by graphemes (spell-
ing) enables children to build up high-quality representations of different words on
their own. These representations are essential for spelling but also support reading, as
activating a word from memory improves reading speed.

The theories above are primarily developed for English and do not explicitly con-
sider differences across alphabetic writing systems. A complementary approach is
the orthographic depth hypothesis (Katz & Frost, 1992). This hypothesis posits that
children learning to read in less transparent orthographies must develop orthographic
reading strategies earlier than children learning to read in more transparent orthog-
raphies. If so, one might expect stronger effects of reading on spelling in less trans-
parent orthographies. The rationale is that spelling typically requires a more precise
representation of words in memory. If children learning to read in less transparent
orthographies use orthographic reading strategies at early phases, these strategies
should support their spelling attempts.

Only a few studies have investigated the stability of reading and spelling longi-
tudinally in different orthographies. Some studies report that reading and spelling
are highly and equally predictable based on previous performance levels in early
school (English: Abbott et al., 2010; Ahmed et al., 2014; Finnish: Lerkkanen et al.,
2004; Italian: Pinto et al., 2015), whereas others report that reading is more predict-
able than spelling (English: Caravolas et al., 2001; Finnish: Leppénen et al., 2006;
Dutch: Schaars et al., 2017). Regarding the developmental relations of reading and
spelling, findings are also somewhat mixed. Some studies report that the reading-
spelling relationship is bidirectional (e.g., Abbott et al., 2010; Pinto et al., 2015).
Other studies report that reading primarily predicts spelling (Ahmed et al., 2014;
Schaars et al., 2017). Still others report that spelling predicts reading in the initial
phase, whereas reading predicts spelling in later phases (Caravolas et al., 2001; Lep-
panen et al., 2006). Finally, one study reports that reading-spelling relations are bidi-
rectional in the initial phase but unidirectional (reading primarily predicts spelling)
in later phases (Lerkkanen et al., 2004). Overall, word reading seems to be a more
important predictor of subsequent spelling skills than vice versa. In most studies,
spelling only predicts reading in the initial phases of literacy development. After
that, reading primarily predicts spelling but not the other way around. These findings
align with Frith’s hypothesis on the developmental interplay between reading and
spelling. The only exception is the studies by Abbott et al. (2010) and Pinto et al.
(2015), showing bidirectional reading-spelling relationships from Grade 1 to Grade 7
(Abbott et al., 2010) and from Grade 1 to Grade 2 (Pinto et al., 2015). These findings
align with Ehri’s hypothesis. However, in the Abbott et al. study, reading and writing
ability were measured with tasks covering different linguistic levels, that is, words
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(accuracy), sentences, and text, and all these levels were included in their models.
Similarly, Pinto et al. found bidirectional relations between reading (accuracy and
fluency) and spelling in a free writing task. Hence, mixed findings across studies may
reflect different ways of measuring reading and spelling.

Only two of the studies mentioned above assessed reading and spelling skills after
Grade 2 (Abbott et al., 2010; Ahmed et al., 2014). In addition, all of the studies were
performed within a particular orthography. There is thus a need for more longitudinal
studies because they can clarify the direction of the relation between reading and
spelling and whether the relationships change over time. Cross-linguistic studies are
important as they can determine universal and more language-specific associations
(cf. Share, 2008).

As far as we know, only one study has investigated the stability and developmen-
tal relations of reading and spelling directly across orthographies (Georgiou et al.,
2020). In this study, 942 children learning five writing systems differing in ortho-
graphic transparency (English, French, Dutch, German, and Greek) were tested on
word and nonword reading fluency and spelling accuracy three times between Grade
1 (spring) and Grade 2 (fall and spring). Georgiou et al. adapted pre-existing reading
fluency and spelling-to-dictation tasks for each language. To address any variations
in the length of words or nonwords used in each task across languages, the child’s
reading score was determined by calculating the total number of syllables in the cor-
rectly read words within a set time limit. For spelling, the items in each language
were arranged in terms of increasing difficulty, and testing was discontinued after six
consecutive errors. The score was the total number of correct responses. Georgiou et
al. reported that, across languages, the autoregressive effect of spelling, that is, the
stability of individual differences from one occasion to the next, was moderate. In
contrast, the autoregressive effect of reading was relatively strong. Moreover, ear-
lier reading predicted subsequent spelling across languages but not the other way
around. Additionally, they reported slight variations in the reading-spelling path coef-
ficient across languages. However, overall, the similarities outweighed the differ-
ences. Georgiou et al. explained their results on the assumption that spelling relies on
precise orthographic representations in many cases, whereas this is not needed to the
same extent for reading (cf. Frith, 1980). Hence, reading should be a more important
predictor of subsequent spelling skills than vice versa. Georgiou et al. did not report
data on children’s reading and spelling skills in kindergarten and early Grade 1. As
such, they could not test Frith’s hypothesis that spelling might be more critical for
reading in the early phase of literacy development. In addition, they could not test the
developmental interplay between reading and spelling during the phase when most
children use an orthographic strategy to read and spell different words (e.g., Kilpat-
rick, 2015, from grade 2 onwards).

Literacy learning and schooling in Sweden and U.S. (Colorado)
In this study, we investigated the developmental interplay of reading and spelling in
Swedish and English. A few important characteristics of these writing systems and

the educational context in Sweden and the U.S. must be emphasized to better under-
stand the background of this study. The Swedish orthography is semi-transparent,
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similar to Norwegian, German, and Dutch, and located between Finnish and English
(for key features of the Swedish orthography, see Appendix A).

When data were collected, the school system in Colorado, U.S., from whom the
English-speaking participants were recruited, provided some daily formal literacy
instruction in kindergarten. However, there was no state standard for teaching reading
and spelling at this stage, presumably leading to a diversity of alternative educational
settings for literacy instruction. In contrast, the Swedish kindergarten curriculum
gave more priority to social, emotional, and aesthetic development rather than early
literacy acquisition. Due to variation in the age at which literacy instruction is intro-
duced across languages, children from the U.S. sample outperformed their Swedish
peers in reading and spelling in kindergarten. However, these differences narrowed as
Swedish children received formal instruction in reading and spelling approximately
one year later (e.g., Furnes et al., 2019).

From age seven, the teaching of reading and spelling in Colorado was informed by
a state-wide curriculum. During the early grades, the primary focus was on phonics
instruction, which aimed to develop children’s understanding of letter-sound rela-
tionships and alphabet knowledge. However, the extent of instruction varied among
classrooms, grades, and individual children’s progress. For children who encountered
difficulties with phonics, additional support was typically provided, particularly in
the first and second grades. Alongside phonics instruction, there was also emphasis
on practicing the reading and spelling of common irregular words, such as those
requiring sight word recognition and word family knowledge. Frequently used irreg-
ular words in English, such as “the,* “are,” and “you,* were gradually prioritized for
immediate recognition as sight words. In addition, children were progressively intro-
duced to word family knowledge, which enabled them to identify groups of words
that shared similar spelling patterns and sounds. For example, if a child knows how
to read and spell “cat,” they can use that knowledge to read and spell “bat,* “rat,” and
“hat”. It is important to note that the extent of instruction in these areas also varied
across classrooms, grades, and individual children’s progress.

Compulsory education in Sweden commenced at the age of seven. Although there
was a specific curriculum informing the teaching of literacy, there have been limited
explicit guidelines or instructions on effective methods for teaching early literacy
skills in Sweden, both in the present and in the past (Levlin & Nakeva von Mentzer,
2020). Nonetheless, teachers frequently adopted a combination of phonics instruc-
tion for reading and spelling, along with a focus on sight word recognition strate-
gies. During the initial two years, there was an emphasis on phonological instruction,
which involved reading and spelling based on letter-sound rules. As children devel-
oped more specific word representations in memory, orthographic instruction, which
involved reading and spelling familiar words through sight recognition or word fam-
ily knowledge, was gradually introduced.

The present study
This study investigated the stability and developmental interplay of word reading and

spelling across a more (Swedish) and a less (English) transparent orthography, span-
ning from the end of kindergarten to the end of Grade 1, Grade 2, and Grade 4. We
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expected that word reading and spelling would exhibit moderate to strong stability
over time while accounting for each other, with reading demonstrating more stabil-
ity than spelling across orthographies. Furthermore, we expected that word reading
and spelling would be interrelated from the end of kindergarten to the end of Grade
1, with reading subsequently predicting spelling in the following years as children
gradually progressed toward the “orthographic stage” of literacy development, in line
with Frith’s hypothesis (1986). Regarding cross-linguistic differences, we expected
the following: If the orthographic depth hypothesis holds true, reading should be a
stronger predictor of spelling in English than in Swedish.

Method
Participants

We used data from a longitudinal twin study of literacy and language conducted
in the U.S., Australia, Sweden, and Norway (e.g., Olson et al., 2014). The relevant
review boards in each country granted ethical approval for the study. Same-sex twins
were recruited from the Medical Birth Registry in Sweden and Norway, the Colorado
Twin Registry in the U.S., and the National Health and Medical Research Council’s
Australian Twin Registry. Only children for whom the predominant language of their
country was the first language spoken at home were selected. The Norwegian and
Australian samples are omitted from the current analyses as we do not have data in
Grade 4. Therefore, the sample consists of 489 same-sex twin pairs from the U.S.
(50% girls) and 191 from Sweden (51% girls). The use of twins for these analyses
potentially represents a methodological problem because the scores of the twins in
each pair might not fully represent independent observations; that is, twins share
genes, home, and school environments. Therefore, one child from each pair was ran-
domly selected by removing Twin 1 from Pair 1, Twin 2 from Pair 2, and so forth.
There were no significant differences in parents’ years of education across samples
(Sweden, M=13.9, SD=2.95, and U.S., M=14.2, SD=2.22, t=0.66, p=.51).

Measures

Word reading and spelling tests were originally in English and were translated and
adjusted into Swedish for this project. Based on data available for the U.S. sample,
Cronbach’s alpha reliability estimates are high for all measures (Samuelsson et al.,
2008). We do not have available alpha estimates for the Swedish sample, but we cal-
culated monozygotic twin correlations to provide lower-bound reliability estimates
for the measures. These were reasonably high and comparable for all tests across
grades and test sites (spelling: 0.76—0.84 in the U.S. sample and 0.67-0.76 in the
Swedish sample; reading: 0.75-0.89 in the U.S. sample and 0.80-0.91 in the Swed-
ish sample). As the present study is part of a more extensive study that addresses a
wide range of questions, only variables that specifically relate to the current research
questions are presented here.
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Reading

The Test of Word Reading Efficiency (TOWRE; Torgesen et al., 1999) was used
to measure sight word and phonemic decoding efficiency at each testing wave. To
assess sight word efficiency, the children read as many words aloud as they could in
45 s from two lists of 104 items each. To assess phonemic decoding efficiency, the
children read as many nonwords aloud as possible in 45 s from two lists of 63 items
each. In all four lists, words/nonwords were presented in order of increasing dif-
ficulty. Sum scores for the number of accurately read words/nonwords from all four
lists were used to measure sight word and phonemic decoding efficiency. Only one
list for sight word and one for phonemic decoding efficiency was given in Grade 4.

Spelling

Kindergarten spelling was measured by a test developed by Byrne and Fielding-
Barnsley (1993) in which children spelled ten real words and four nonwords. For
the real words, children hear the word in isolation, then in a sentence, and then in
isolation again. The nonwords were pronounced three times. Most of the words had
simple sound-to-spelling correspondences (e.g., Swedish: tag [train], bla [blue],
lampa [lamp]; English: man, plug, limp), but some required specific orthographic
knowledge (Swedish: ett [one], kom [come]; English: one, come). Scoring was based
on the correct representation of the phonemes in each item.

The 45-item spelling subtest from the Wide Range Achievement Test (WRAT;
Jastak and Wilkinson, 1984) was used in grades 1, 2, and 4. Each word was first
presented in isolation, then in a sentence, and then in isolation again. The number of
correct spellings was measured. Testing was stopped if a child made ten consecutive
errors. This test includes words with simple sound-spelling correspondences (e.g.,
Swedish: brev [letter], baka [bake], natur [nature]; English: go, and, him) and words
that required specific orthographic knowledge (e.g., Swedish: kjol [dress], ljuset
[light], officiell [official]; English: light, kitchen, recognize).

Procedure

Informed consent was obtained in writing from all families who agreed to participate
in the study, and the children gave verbal consent. Testing at the end of kindergarten,
Grade 1, Grade 2, and Grade 4 was conducted with separate testers for each twin at
school or home during a 1-hour session.

Data analytic approach

We tested for autoregressive effects and cross-lagged relations in two steps; within
and across two orthographies. All analyses were performed in Mplus 8.5 (Muthén
& Muthén, 1998-2021). To assess model fit, we used the chi-square statistic, the
standardized root mean residual (SRMR), the root mean square error of approxima-
tion (RMSEA) with 95% Cis, the comparative fit index (CFI), and the Tucker—Lewis
index (TLI). Indicative of acceptable model fit are SRMR <0.08, RMSEA<0.06,
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CFI>0.95, and TLI>0.95 (Hu & Bentler, 1999). The Bayes Information Criteria
(BIC) was used as another index for comparing model fit, with a model difference of
at least 5 suggesting practically important differences (Raftery, 1995).

First, path analyses were performed within samples to establish a baseline model
for each orthography. These analyses included correlation estimates at the same time
point, as well as stability estimates (within-domain; reading or spelling) and cross-
lagged paths (cross-domain; reading to spelling and vice versa) to each time point
from the previous time point. Next, we performed multigroup analyses to investigate
the equivalence of the structural path coefficients across the two languages. The first
step in determining the comparability of the models is to impose equality constraints
across samples to establish that the models have the same paths and fixed and free
parameters across samples. The next step is to compare the baseline model with a
nested model, where the structural paths such as contemporaneous correlations, sta-
bility estimates, and cross-lagged associations are held equal across samples. Finally,
pairwise comparisons across samples were conducted by constraining each path coef-
ficient to equality while other coefficients were freely estimated. Model comparison
was based on the chi-square difference testing and change in BIC (>5).

Results
Descriptive statistics

Data were screened for missing values, outliers, and normality (see Table 1). The
attrition rate was low across grades and samples. Sight word and phonemic decod-
ing efficiency in kindergarten were positively skewed in both languages. The score
distribution of the reading and spelling tests in Grades 1 and 2 was approximately
normal, except for phonemic decoding in the Swedish sample in Grade 1. The raw
score analyses of these measures were repeated with appropriately logarithmically
transformed scores (Tabachnick & Fidell, 2007). Although transformations of vari-
ables that deviate from normality improved their distributions, they did not change
the results. Therefore, analyses were performed on raw scores. Before conducting
longitudinal analyses, the scores were standardized by regressing age and sex onto
the raw scores for each variable within each sample and time of assessment.

First, we used simple correlations to examine concurrent and cross-lagged associa-
tions between reading (word and nonword) and spelling and between two consecutive
assessment ages within one domain, that is, word reading and spelling (see Table 2).
The mean correlation between reading and spelling skills (word reading, nonword
reading, and spelling combined) in kindergarten was 0.75 in the U.S. sample and 0.77
in the Swedish sample. A similar pattern of findings was seen for reading and spelling
in Grade 1 (0.84 in both the U.S. and Swedish samples), Grade 2 (0.81 in the U.S.
sample and 0.75 in the Swedish sample), and Grade 4 (0.80 in the U.S. sample and
0.74 in the Swedish sample). In general, moderate to strong correlations were found
between reading and spelling skills between kindergarten and Grade 1 (0.57-0.67 in
the U.S. sample and 0.60-0.62 in the Swedish sample), Grade 1 and Grade 2 (0.70-
0.79 in the U.S. sample and 0.50-0.68 in the Swedish sample), and Grade 2 and Grade
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Table 1 Descriptive Statistics for the Swedish and U.S. sample

Swedish U.S.
N M SD Skew N M SD Skew

Kindergarten

Age 178 81.10 3.28 0.23 487  75.20 3.67 -0.05

TOWRE sight word 178 10.29 19.16  2.96 487  23.33 2440 1.84

efficiency

TOWRE phonemic 178  7.66 12,51 2.99 487  9.88 11.79  2.29

decoding efficiency

Spelling (Byrne & 178 4425 30.87  -0.13 487  51.02 2017 -0.79

Fielding-Barnsley,

1993)
Grade 1

Age 189 93.00 3.92 0.05 480  89.10 3.81 0.14

TOWRE sight word 189  43.39 28.01  0.95 476 79.60 33.11  -0.05

efficiency

TOWRE phonemic 189  25.72 14.97 1.25 476  32.36 21.51  0.84

decoding efficiency

WRAT spelling 189 15.60 7.05 -0.21 480  12.52 5.22 0.55
Grade 2

Age 188 105.10  3.80 0.06 482  101.40 3.80 0.07

TOWRE sight word 188  80.26 3048 0.23 482 107.32  30.10 -0.81

efficiency

TOWRE phonemic 188  41.73 17.67  0.69 482 4732 2397 0.14

decoding efficiency

WRAT spelling 188  22.62 5.86 0.21 482 17.86 5.78 0.15
Grade 4

Age 171 12845 445 0.56 469 12543  3.86 0.24

TOWRE sight word 171  59.35 1192  -043 467  68.73 1140 -0.93

efficiency

TOWRE phonemic 171 34.14 9.17 0.22 467  35.02 11.16  -0.33

decoding efficiency

WRAT spelling 171 31.03 5.21 -0.29 469  25.52 6.50 —-0.11

Note. Maximum score for the spelling test in kindergarten=_84; Maximum score for the spelling test in
Grades 1 to 4=45; TOWRE=Test of Word Reading Efficiency; WRAT=Wide Range Achievement Test

4 (0.68-0.80 in the U.S. sample and 0.57-0.66 in the Swedish sample). The stability
of sight word and phonemic decoding efficiency between kindergarten and Grade 1
was high, with a mean correlation of 0.64 and 0.72 in the U.S. and Swedish samples,
respectively. These correlations were even more substantial between Grades 1 and 2
(0.82 in U.S. and 0.72 in Sweden) and Grade 2 and Grade 4 (0.82 in U.S. and 0.77
in Sweden). For spelling, stability was moderate to strong between kindergarten and
Grade 1 (0.59 in U.S. and 0.73 in Sweden), Grade 1 and Grade 2 (0.85 in U.S. and
0.73 in Sweden), and Grade 2 and Grade 4 (0.86 in U.S. and 0.71 in Sweden).
Significant correlations between four consecutive time points from reading to
reading, spelling to spelling, reading to spelling, or vice versa, are not sufficient evi-
dence of stability and integrated development between these skills over time. Instead,
concurrent and autoregressive associations need to be considered to determine the
existence of significant cross-lagged associations. Therefore, the relations between
word reading and spelling were further modeled with path analysis. Because a total
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of 16 associations were inspected (concurrent correlations, stability estimates, and
cross-lagged associations), we guarded against type I error by using a significance
level of 0.003 (0.05/16). Before conducting the path models, we combined the sub-
tests of sight word and phonemic decoding efficiency into a composite word reading
score.

Cross-lagged path models of word reading and spelling within orthography

The path models with standardized estimates separately for each orthography are
shown in Fig. 1. The models depicting word reading and spelling fitted the data well
in the Swedish sample (32(12, N=191)=26.15, p<.01, CFI=0.986, TLI=0.969,
SRMS=0.034, and RMSEA=0.080 (90% CI=0.037-0.120)) and the U.S. sam-
ple (x2(12, N=488)=27.99, p<.00, CFI1=0.996, TLI=0.991, SRMS=0.013, and
RMSEA=0.052 (90% CI=0.027-0.078)), respectively. In each orthography, the
autoregressive path estimates for word reading were high over time, and the cross-
lagged paths from word reading to spelling were moderate and significant (all
p5<0.001). For spelling, the autoregressive path estimates in each orthography were
moderate, and the cross-lagged paths from spelling to word reading were substantial
between kindergarten and Grade 1 (all p $<0.001) but, after that, failed to reach sig-
nificance. The concurrent associations between reading and spelling were moderate
to strong in the first grades and relatively weak in later grades (all p 5<0.001).

Cross-lagged path models of word reading and spelling across orthography

We did several chi-square differences tests to ensure that valid comparisons of the
model paths can be made across the two orthographies. The baseline model fit the
data well (x2(24, N=680)=54.146, p<.00, CF1=0.994, TLI=0.986, SRMS=0.021,
and RMSEA=0.061 (90% CI=0.039-0.082), indicating that the same structural paths
were applicable across samples. We then compared the baseline model with a more
restricted one where stability estimates, cross-lagged paths, and contemporaneous
path coefficients at kindergarten, Grade 1, Grade 2, and Grade 4 were constrained to be
equal across samples. This model did not fit the data well, ¥2=136.239, p<.001, and
the change in model fit was significant, Ax2=82.093, Adf=16, ABIC=23, p<.001.
Further analyses, in which we systematically constrained one group of path weights
at a time, revealed that this fit difference was driven entirely by a difference in autore-
gressive paths from spelling in kindergarten to spelling in Grade 1 and a difference in
cross-lagged paths from word reading in kindergarten to spelling in Grade 1. Specifi-
cally, stability of spelling from kindergarten to Grade 1 was significantly higher for
the Swedish sample (7[SE]=0.54[0.059]) than the U.S. sample (/[SE]=0.24[0.043]).
Conversely, the cross-lagged path from word reading in kindergarten to spelling in
Grade 1 was significantly higher for the U.S. sample (#[SE]=0.53[0.40]) than for the
Swedish sample (#[SE]=0.26[0.063]). To sum up, although we found some minor
discrepancies in the developmental interplay of reading and spelling across samples,
there were more similarities than differences between the two orthographies.
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US. .24%*+ US. .54xx* USS. 54**+
SP_KG | = swe sa%+= 7 < SWE .48*** 7 SP_2 | T swe.asex 7
/' us. szt \ . us. 380 \ RN Us. 40%** '\
SWE 26 . SWE .33 . SWE 38%*+

US. .67*** U.S. .63***
SWE 59*** SWE 48***

UsS..23%** N us.on
SWE 28%** us..00 SWE .08
SWE-.05
s sat N\ Us. 89* Uss .88+ .

Fig. 1 Concurrent, Autoregressive and Cross-Lagged Associations for Word Reading and Spelling with
Coefficient Estimates for each Orthography Separately. Note. U=U.S. sample; S=Swedish sample;
WR=Word Reading; SP=Spelling; KG=Kindergarten; 1 =Grade 1; 2=Grade 2; 4=Grade 4. All sig-
nificant paths are presented with solid lines and non-significant ones with dash lines together with
standardized loadings estimates

*¥**p<.001; *p<.05
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Discussion

The present study investigated the stability and developmental relations of word
reading and spelling from the end of kindergarten to the end of grades 1, 2, and 4
across a more (Swedish) and a less (U.S.) transparent orthography. In this section, we
will discuss our findings in relation to existing theory and previous research. Finally,
we will consider some limitations of the current study and discuss some theoretical
and practical implications.

Stability and cross-lagged associations of word reading and spelling across more
and less transparent orthographies

This study showed that word reading skills were more stable over time than spell-
ing in both U.S. and Swedish children. This finding fits well with previous research
(Caravolas et al., 2001; Desimoni et al., 2012; Landerl & Wimmer, 2008; Pinto et
al., 2015; Schaars et al., 2017; but see Abbott et al., 2010). A reasonable explanation
is that the correspondences between graphemes and phonemes are generally more
predictable for reading than spelling across alphabetic writing systems (e.g., Bosman
and Van Orden, 1997; Galuschka et al., 2020). Moreover, as reading is less dependent
on a precise orthographic image of a word than spelling (e.g., Ouellette et al., 2017),
this might result in earlier consolidation and stabilization of reading skills. Although
the predictability of reading was relatively high, it was only moderate between kin-
dergarten and Grade 1. Given that Swedish children rarely receive literacy instruction
in kindergarten and that, at the time this study was carried out, there was no state
standard for teaching reading and spelling in the U.S. (Colorado) at this age, this find-
ing may suggest that individual differences in literacy skills is simply a reflection of
whether or not teaching was provided in kindergarten. In later grades, the regulated
teaching of literacy across languages is likely to result in greater consistency in read-
ing skills (cf. Samuelsson et al., 2008).

Regarding the developmental interplay between reading and spelling, we found
that the two skills reinforce each other during the initial phase of literacy develop-
ment, i.e., kindergarten to Grade 1. After that, reading predicted spelling from Grade
1 to Grade 2 and from Grade 2 to Grade 4, but not the other way around. Generally,
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these findings correspond with most previous research within more and less transpar-
ent orthographies showing that reading is important for subsequent spelling skills,
whereas the reversed influence of spelling-to-reading is not consistently found (e.g.,
Ahmed et al., 2014; Caravolas et al., 2001; Leppénen et al., 2006; Lerkkanen et al.,
2004). In addition, using a more comprehensive temporal range, i.e., end of kinder-
garten, to the end of Grade 1, Grade 2, and Grade 4, our results replicate and extend
the report by Georgiou et al. (2020) of a unidirectional reading-spelling path between
Grade 1 and Grade 2 across five different languages. Our results, however, contradict
the orthographic depth hypothesis (Katz & Frost, 1992), which suggests that read-
ing should be a stronger predictor of subsequent spelling in English. Instead, the
main explanation of the developmental reading-spelling path reported here seems to
be that reading builds word-specific representations in memory over time, irrespec-
tive of the transparency of a particular orthography. This explanation fits well with
Frith’s theory (1986), suggesting that spelling is particularly important when children
discover the alphabetic principle, and that the development of word-specific repre-
sentations in memory is at first only sufficient to recognize words, not to spell them.
Hence, reading development primarily serves spelling development as soon as addi-
tional orthographic strategies come into play. This also makes sense as people usually
read more words than they can spell (Cunningham & Stanovich, 1990; Ellis, 1994).
Therefore, better specified word-specific representations gained through reading can
be used in spelling, even in young children during early development. That being
said, spelling a word by writing it is never a pure task, as most spellers write the word
and then read it to confirm whether it is correct (Ehri, 1997). In most cases, reading
and spelling contribute to the final spelling product. This may also partly explain why
reading is more important for spelling than the other way around.

Strengths and limitations

A strength of the present study is the number of same-aged children from differ-
ent languages and cultures followed over several years. However, some limitations
should be considered.

First, the findings may generalize only to orthographies with similar characteris-
tics as English and Swedish and to children of similar ages to the present participants.
A second limitation relates to a common methodological issue in cross-linguistic
research: developing equivalent reading and spelling tests that also consider the
unique features of each language. We partly met this problem by using existing lit-
eracy measures that follow the same administration and scoring procedures across
languages. Although one cannot rule out the possibility that the findings reported are
partly due to the translation of tests from English to Swedish, any systematic test dif-
ferences across countries should mainly impact mean performances and not correla-
tion analyses. A third limitation is that spelling was assessed with only one test at all
grade levels, which may have negative impact on measurement reliability. Although
the MZ-correlations for the spelling test were comparable to those reported for read-
ing, it is possible that the correlational analyses presented in this study were influ-
enced in part by measurement reliability and regression to the mean. Additionally, it
cannot be ruled out that the use of additional or alternative spelling tests would have
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resulted in significant relationships from spelling to reading. For example, the use of
a speeded measure could have been beneficial for assessing spelling, but few such
tests exist in the literature. Typically, spelling fluency is evaluated through a recogni-
tion task that measures response times for each item (e.g., determining the correct
spelling of a word, e.g., “tak” or “talk’”). However, assessing word spelling knowl-
edge through recognition may result in better performance by children because they
are able to visually perceive the letters of the correct spelling, rendering the process
more akin to reading (see Georgiou et al., 2020 for a similar argument). A fourth issue
is that we considered both accuracy and speed in our reading measure. Although this
way of assessing word reading seems meaningful in the age range studied here, one
cannot directly compare the outcomes of the current study to some previous studies
of reading development that used other measures (e.g., Lerkkanen et al., 2004 & Lep-
pénen et al., 2006, included reading comprehension in their latent reading measure;
Caravolas et al., 2001, only assessed reading accuracy).

Conclusions and implications

Our results show that reading and spelling reinforce each other during the early phase
of literacy development. After that, reading becomes more critical for subsequent
spelling development than vice versa. Specifically, spelling is essential for reading in
the initial phases because it helps children discover the alphabetic principle. In later
phases, reading boosts spelling because reading exposure leads to a richer lexicon of
orthographic representations. Our results support the hypothesis put forward by Frith
(1986) that spelling is important for reading mainly in the initial phase of literacy
development. After that, reading is a more important predictor of subsequent spelling
than vice versa. This developmental pattern applies irrespective of the transparency
of a particular orthography. Regarding educational implications, literacy instruction
should integrate a focus on reading and spelling over time so that children can benefit
from the learned knowledge in both domains. If balanced carefully, such an approach
will also trigger and strengthen the connections between phonemic, graphemic, and
semantic knowledge (Bosman & Van Orden, 1997).

Appendix A. Key features of the Swedish orthography (a rewriting of
Furnes and Samuelsson, 2011)

Swedish belongs to the North-German group of the Indo-European languages (Dan-
ish, Faroese, Icelandic, and Norwegian). The Swedish language has about 40 pho-
nemes, 29 letters of the alphabet (20 consonants and nine vowels), and between 33 and
38 graphemes. In contrast, English has about 44 phonemes, 26 letters of the alphabet
(20 consonants and six vowels), and approximately 250 graphemes. Swedish is semi-
transparent, similar to Norwegian, German, and Dutch, and located between Finnish
and English (Elley, 1992; Seymour et al., 2003). Swedish share some basic rules for
phonology and orthography with English because the languages stem from the same
Germanic root. That is, they are similar concerning phonology (complex syllable
structures and consonant clusters) but differ in both grapheme-phoneme and pho-
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neme-grapheme correspondences. To illustrate, in the Swedish words hand [hand],
hall [hal], haj [Aaj], and katt [kat:], the grapheme /a/ is usually pronounced the same,
while in the corresponding English words hand [haend], hall [ho:1], shark [fa:k], and
cat [keaet], the grapheme /a/ is pronounced differently. In addition, Swedish adhere
to the principle of morpheme regularity more consistently than English, that is, the
root morphemes are preserved in different word forms (think: tinka, tdnker, tinkte).
Although Swedish is a more transparent orthography than English, there are some
pitfalls for beginning readers and spellers. In Swedish, for example, one grapheme
may contain several letters: kj/tj [C], sk [J], and ng [g]. In addition, some phonemes
(e.g., [sh], [ch], [j]) can be spelled in many different ways, depending upon the origin
of the word. The principle for doubling consonants is another problem for beginning
spellers (e.g., hatt [hat]; katt [cat]; buss [bus]). Swedish also has consonant clusters
in initial, middle, and final positions in many words (i.e., spjut [spear]; konstnér [art-
ist], sjalviskt [selfish]), and are often misspelled by children early in school. Com-
pound words are also common. Rather than “bicycle track,” one writes “cykelbana”
in Swedish. Finally, the grapheme-to-phoneme correspondences are more transparent
than the phoneme-to-grapheme correspondences, making it easier to learn to read
than to spell. For example, identical word spellings with different pronunciations,
i.e., homographs, do not exist in Swedish. Instead, words with similar pronunciation
that are spelled differently, i.e., homophones, are quite common (e.g., hjérna [brain],
gérna [gladly]; hjort [deer], gjort [done]; skall [shall], skal [bark]; hjul [wheel], and
jul [christmas]).
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