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Abstract

We examined the cross-lagged relations between word reading accuracy and fluency
in three languages varying in orthographic consistency (English, Dutch and Greek).
Five hundred and twenty-one children (172 from Canada, 115 from the Netherlands
and 234 from Greece) were followed from the beginning of Grade 1 until the end
of Grade 2 and were tested four times (beginning and end of each grade level) on
measures of word reading accuracy and fluency. Results of cross-lagged analysis
showed that reading accuracy and fluency were reciprocally related within Grade 1
across languages. In Grade 2, they continued to be reciprocally related in English
and reading fluency predicted reading accuracy in Dutch and Greek. These findings
suggest that in the early phases of learning to read not only accuracy is needed for
children to become fluent but fluency can also play an important role in the devel-
opment of later reading accuracy.
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One of the main goals of early literacy instruction is to develop accurate and fluent
readers. If children master decoding and recognize words with a reasonable speed,
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they can allocate their cognitive resources to more demanding tasks like reading
comprehension (LaBerge & Samuels, 1974). Despite the fact that reading accuracy
and fluency are critical for reading comprehension (Calet et al., 2013; Kim et al.,
2010), we know very little about their developmental relations. Thus, the purpose of
this study was to examine the cross-lagged relations between word reading accuracy
(i.e., the ability to read words accurately) and fluency (i.c., the ability to read words
accurately and with speed) across languages varying in orthographic consistency
(English, Dutch and Greek).

Examining the developmental relations between reading accuracy and fluency is
interesting for multiple reasons. First, it is widely accepted that accuracy is an inte-
gral component of reading fluency along with automaticity and expression (Kuhn &
Stahl, 2003). If children cannot be fluent without being sufficiently accurate, read-
ing accuracy should predict the development of reading fluency. This assumption
seems to be supported by Juul et al.’s (2014) and Karageorgos et al.’s (2019) findings
showing that young Danish and German readers, respectively, had to reach a certain
threshold level in word recognition accuracy (about 70%) before word recognition
speed would begin to improve. Juul et al. (2014) further showed that significant posi-
tive linear correlations between word recognition accuracy and speed could be found
above this accuracy threshold but not below. Nevertheless, we also know that the
development of reading accuracy and fluency does not happen in a sequence (i.e.,
first reading accuracy and then reading fluency) but in tandem (e.g., Kim et al., 2010;
van Viersen et al., 2018). In fact, in their fluency model, Hudson et al. (2009) pro-
posed that fluency starts early with letter sound fluency, blending fluency, and pho-
nogram fluency before reaching word- and text-level fluency. As children learn their
letters and the grapheme-phoneme correspondence rules they improve not only in
decoding words but also in their letter and phonogram fluency, which, in turn, leads
to faster word reading. In turn, as the level of proficiency in fluency increases, this
should allow them to be more efficient in phonological recoding and subsequently in
reading longer and less frequent words. In addition, faster readers simply read more
words and the more you read, the better you tend to get at it, particularly with more
complex words you see infrequently. If this is true, then earlier fluency should predict
later accuracy.

Several studies have also shown that reading development depends on the ortho-
graphic characteristics of the language (e.g., Caravolas et al., 2012; Seymour et al.,
2003). In orthographically consistent languages like Finnish or Greek, children mas-
ter decoding accuracy fairly quickly after receiving formal reading instruction. In
light of this, we should see differences in the developmental relations between read-
ing accuracy and fluency across languages varying in orthographic consistency. More
specifically, if there are reciprocal relations between the two, this should be limited
to Grade 1 in orthographically consistent languages (i.e., while children in these lan-
guages still learn how to decode words), but extend beyond Grade 1 in orthographi-
cally inconsistent languages. Again, Juul et al.’s (2014) findings are relevant here as
they showed that the time it took children to reach the 70% accuracy level in read-
ing simple words was related to the development of word recognition speed. The
sooner children reached the threshold level in reading accuracy, the more time they
had at their disposal to improve their word recognition speed. If children reach this
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threshold level sooner in orthographically consistent languages, the effect of reading
accuracy on fluency in these languages should be present earlier than in languages in
which children do not reach this threshold level until much later. To date, it remains
unclear if orthographic consistency influences the developmental relations between
reading accuracy and fluency.

To our knowledge, only two studies have presented data on the cross-lagged rela-
tions between reading accuracy and fluency and this was done within a broader net-
work of relations. In a longitudinal study with 261 Portuguese children followed
from Grades 2 to 4, Santos et al. (2020) found that word reading accuracy and fluency
were reciprocally related from Grade 2 to Grade 3 and that reading fluency in Grade
3 predicted reading accuracy in Grade 4. Given that Portuguese is a language of
intermediate orthographic depth (Seymour et al., 2003) and Portuguese children con-
tinue to grow in their reading accuracy until at least Grade 4 (Cadime et al., 2021),
the reciprocal relations between reading accuracy and fluency in Grades 2 and 3
make sense. The second study (van Viersen et al., 2018) was conducted in Dutch and
included 237 children (164 of them had a familial risk of dyslexia) from kindergarten
to Grade 6. Reading accuracy and fluency were assessed at the beginning and end of
Grade 2, and at the end of Grade 3. Their results showed no cross-lagged relations
between reading accuracy and fluency. Given that Dutch is a relatively consistent
orthography and children reach high levels of reading accuracy by the end of Grade 1
(Seymour et al., 2003), any possible reciprocal relations would have disappeared by
the time van Viersen et al. assessed accuracy and fluency for the first time.

The present study

The purpose of this study was to examine the cross-lagged relations between word
reading accuracy and fluency in three languages varying in orthographic consistency:
English (an opaque orthography), Dutch (more consistent than English but less con-
sistent than Greek), and Greek (a consistent orthography) (Seymour et al., 2003). We
hypothesized that reading accuracy and fluency would be reciprocally related across
languages within Grade 1. Beyond Grade 1, we expected that reciprocal relations
would be found only in English.

Method
Participants

Our study included a total of 521 children who were recruited from public elemen-
tary schools in their respective countries and were tested four times: at the beginning
and end of Grades 1 and 2. One hundred and seventy-two children (82 girls; M,,. =
75.87 months) were native speakers of English and were recruited from six elemen-
tary schools in Edmonton, Canada, 115 children (63 girls; M,,. = 78.52 months)
were native speakers of Dutch and were recruited from five elementary schools in
Amsterdam, the Netherlands, and 234 children (120 girls; M,,. = 76.10 months) were
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native speakers of Greek and were recruited from six elementary schools in Herak-
lion, Greece. By the end of Grade 2, our sample consisted of 157 English-speaking
children, 106 Dutch-speaking children, and 220 Greek-speaking children. The chil-
dren who withdrew from the study did not differ from the ones who remained in
the study in any of the beginning Grade 1 reading measures (all ps>0.20). Our par-
ticipants were predominately White (>90%) and did not experience any intellectual,
emotional, or sensory difficulties (based on school records). Parental consent was
obtained prior to testing. Ethics permission was obtained from the research board of
the University of Alberta (Pro00014828).

Measures

Because of the diverse orthographic characteristics of the languages included in this
study, developing reading accuracy and fluency measures with perfectly matched
items was impossible (see Papadopoulos et al., 2021, for a discussion on this issue).
Instead, we chose to use existing measures in each language and follow the same
administration and scoring rules across languages.

Reading accuracy

The Word Identification and Word Attack tasks from the Woodcock Reading Mastery
Tests—Revised (Woodcock, 1998) and their similar versions in Dutch (de Jong &
Wolters, 2002) and Greek (Papadopoulos, 2001) were used to assess reading accuracy.
In Word Identification, children were shown a series of isolated words of increasing
length (ranging from one syllable to four syllables) and difficulty (from relatively
easy syllabic structure to more complex syllabic structure), and were asked to read
them aloud as accurately as possible. The task comprised 106 items in English, 85
items in Greek, and 40 items in Dutch. In Word Attack, children were shown a series
of pronounceable pseudowords of increasing length (ranging from one syllable to
four syllables) and difficulty, and were asked to read them aloud as accurately as
possible. The task comprised 45 items in English and Greek, and 40 items in Dutch.
Both Word Identification and Word Attack were discontinued after six consecutive
errors and a participant’s score was the total number of correctly read words or pseu-
dowords. Cronbach’s alpha reliability in our samples ranged from 0.80 to 0.96.

Reading fluency

The Word Reading Efficiency (WRE) and Phonemic Decoding Efficiency (PDE)
tasks from the Test of Word Reading Efficiency-2 (TOWRE-2; Torgesen et al., 2012)
and their similar versions in Dutch (Brus & Voeten, 1995; van den Bos et al., 1994)
and Greek (Georgiou et al., 2012) were used to assess reading fluency. Children were
asked to read as many words or pseudowords as possible within a 60-s time limit.
The items in each task were arranged in terms of increasing difficulty from one to
four syllables. In English and Greek, WRE comprised 108 items and PDE 66 items.
In Dutch, both tasks comprised 116 items. In both tasks, a participant’s score was
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the total number of correctly read words/pseudowords within the time limit. In our
sample, the correlations between WRE and PDE ranged from 0.79 to 0.95.

Procedure

All tasks were individually administered in a quiet room in the child’s school by
trained research assistants. Testing lasted approximately 30 min. All tests were given
in the same order and all administration and scoring procedures were standardized
across all children and all three languages following international standards (Van de
Vijver & Hambleton, 1996).

Statistical analysis

To examine the relations between word reading accuracy and fluency, we estimated
a multigroup cross-lagged model as shown in Fig. 1. Composite scores for reading
accuracy and fluency (calculated by averaging the z-scores of the two tasks for each
construct) were used in order to reduce the effect of task-specific errors.!

First, all path coefficients were assumed to be invariant across languages (Model
1). This model was compared with another model in which all coefficients were freely
estimated in each language (Model 0) using the likelihood ratio test. If the model fit
was significantly different, this indicated that the models were not the same across
languages. We then relaxed the model constraint one language at a time (Models 2a to
2¢) and compared the model fit with the unconstrained model. Finally, to test which
paths were different between languages, the path coefficients were set equal one by
one and then the model fit was compared between the models with and without the
equality constraint.

All data, analysis codes, and full model results are available on Open Science
Framework (OSF) at https://osf.io/4kbzt/?view only=6671920c9d1f47d78al1743aac
419¢bf0.

Results

Table 1 shows the descriptive statistics for all measures in each language. Outliers
(defined as more than 3 SD above/below the mean in each group) were winsorized to
the score of the closest nonoutlier +/- 1 to avoid overemphasizing their impact on the
results (Tabachnick & Fidell, 2018). All measures were moderately (English, Dutch)
or highly (Greek) positively skewed at Time 1, except for Word Identification and
Word Reading Efficiency in English; a logarithmic or inverse transformation was
used to normalize their distributions, respectively. Word Identification at Times 3 and
4 in Dutch and Word Identification at Time 4 in Greek were moderately negatively

! We also ran the same cross-lagged models separately for word reading (i.e., Word Identification and
Word Reading Efficiency) and pseudoword reading (Word Attack and Phonemic Decoding Efficiency).
The results were very similar to those obtained using the composite scores for reading accuracy and flu-
ency. The results of these separate models are available at https://osf.io/4kbzf/?view only=6671920c9d1
f47d78a1743aac419cbf0.
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skewed; their scores were reflected and log transformed (Tabachnick & Fidell, 2018).
Because different items were used for each language, all variables were standard-
ized within each language before conducting any further analysis. Table 2 shows
the correlations between reading accuracy and fluency after transformation for each
language.

Table 3 shows the model fit indices for all models. An autoregressive path from
Time 2 accuracy to Time 4 accuracy was added to the baseline model (Model 1a)
for Dutch and Greek to obtain a better-fitting model (Model 1b). However, the fully
constrained model still showed a poor fit, and the model fit was significantly worse
than the unconstrained model (Model 0; Ay?>=120.57, df=33, p<.001). Among the
partially constrained models, the model in which the constraints were relaxed for
English (Model 2a) showed the best fit, which was not significantly different from
the unconstrained model (Ay*>=20.50, df=17, p=.249). This indicated that while the
model for English was different from the other two languages, the models for Dutch
and Greek were relatively similar. This model was adopted as the final model.

Table 2 Correlations among the observed variables in each sample

Measure 1. 2. 3. 4. 5. 6. 7.
English

1. T1 Accuracy

2. T2 Accuracy 0.83

3. T3 Accuracy 0.77 0.92

4. T4 Accuracy 0.72 0.88 0.93

5. Tl Fluency 0.92 0.81 0.73 0.70

6. T2 Fluency 0.81 0.93 0.89 0.87 0.83

7. T3 Fluency 0.76 0.89 0.91 0.89 0.77 0.93

8. T4 Fluency 0.70 0.83 0.86 0.91 0.71 0.88 0.92
Dutch

1. T1 Accuracy

2. T2 Accuracy 0.67

3. T3 Accuracy 0.54 0.80

4. T4 Accuracy 0.48 0.75 0.75

5. T1 Fluency 0.86 0.70 0.55 0.51

6. T2 Fluency 0.57 0.83 0.73 0.66 0.63

7. T3 Fluency 0.44 0.76 0.79 0.68 0.51 0.89

8. T4 Fluency 0.37 0.74 0.71 0.76 0.47 0.81 0.87
Greek

1. T1 Accuracy

2. T2 Accuracy 0.46

3. T3 Accuracy 0.33 0.66

4. T4 Accuracy 0.33 0.62 0.56

5. T1 Fluency 0.77 0.49 0.36 0.44

6. T2 Fluency 0.46 0.59 0.49 0.58 0.52

7. T3 Fluency 0.39 0.52 0.53 0.58 0.50 0.88

8. T4 Fluency 0.34 0.45 0.42 0.55 0.42 0.82 0.90

Note. All correlations were statistically significant at p<.01
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Table 3 Model Fit Indices for all models

Model 2 af p CFI RMSEA SRMR AIC  BIC
MO: Unconstrained 6047 34 0.003 0.993 0.067 0014 6931.54 7348.60
Mla: Fully constrained 183.08 68 <0.001 0.970 0.099  0.108 6986.14 7258.51

M1b: Fully constrained (after  181.04 67 <0.001 0.971 0.099 0.113  6986.11 7262.73
modification)

M2a: Partially constrained 80.97 51 0.005 0.992 0.058 0.048 6918.04 7262.76
(Dutch — Greek)

M2b: Partially constrained 154.07 50 <0.001 0.973 0.109 0.114  6993.14 7342.11
(English — Greek)

M2c: Partially constrained 103.55 50 <0.001 0.986 0.079 0.045  6942.62 7291.59
(English — Dutch)

Note. CFI=comparative fit index; TLI=Tucker-Lewis index; RMSEA =root-mean-square error of
approximation; SRMR =standardized root-mean-square residual; AIC=Akaike information criterion;
BIC=Bayesian information criterion

E: -
D: 33+
G: 33%++
E: 59%#* E: 72%%% E: 72%%%
D: 26%* D: 60%+* D: 20%%%
G:.23** T2 Accuracy G:.58%++ T3 Accuracy G: .23%++ T4 Accuracy
T1 Accuracy R=71/43/33 R*= 86/ .61/.52 R'=89/59/ 53
E: 27+ E:.23%* E: 24%%%
D: 42%%* D: 21%#* D: 29%**
G: 38%*% | 77eex G:.19%%*  E: 4g++4] G: 28%%*  E: 52+
D: .68%** D: 42%* D: 30%**
E: 35%  G:.47%%* E: 22%%  G:31%% E:.15f G 25%*%
D:.16* D: .02 D:-.06
G: .15% G: .02 G:-.06
T2 Fluency T3 Fluency T4 Fluency
T1 Fluency E- 51#%% R=70/36/31 E: 724 R?=87/.78/ .80 E: 78%** R?=.85/.77/ 81
D: 46%+* D: 87%* D: 92%#+
G: 43%* G: .88*** G: 94%**
Grade 1 | Grade 2

Fig. 1 The final model for the cross-lagged relationships between word reading accuracy and fluency
in each language. Note. Standardized estimates are shown. All path coefficients were constrained to
be equal between Dutch and Greek, while the paths for English were freely estimated. E=English;
D=Dutch; G=Greek. tp=.05; *p<.05; **p<.01; ¥***p<.001

Figure 1 shows the results of the final model. For English, word reading accuracy
and fluency predicted each other after controlling for autoregressive effects across
measurement points. For Dutch and Greek, on the other hand, while word reading
accuracy and fluency were reciprocally related from Time 1 to Time 2, thereafter
only word reading fluency predicted word reading accuracy at the next measure-
ment points. In addition, the effects of reading accuracy at Time 2 (Ay?=5.15, df=1,
p=.023) and Time 3 (Ay*=6.16, df=1, p=.013) on reading fluency at the next mea-
surement points were significantly stronger for English than for Dutch and Greek.
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Discussion

The purpose of this study was to examine the cross-lagged relations between word
reading accuracy and fluency in three languages varying in orthographic consistency
(English, Dutch and Greek). In line with our hypothesis, we found reciprocal rela-
tions within Grade 1 across the languages and within Grade 2 for English only. These
findings suggest that for as long as children continue to grow in their decoding, accu-
racy and fluency will support each other to grow. Once reading accuracy reaches
a high level (as in Greek and Dutch in Grade 2), only fluency will predict future
accuracy (see Santos et al., 2020, for a similar finding). There might be two explana-
tions for the contribution of earlier reading fluency to later reading accuracy. First,
children who read more fluently than others tend to read more text and subsequently
come across more difficult words that they need to decode in these texts. In contrast,
children with lower fluency skills tend to avoid reading texts and get exposed only
to a specific set of printed words that they come across in their school textbooks.
Thus, the more fluent readers in Greek and Dutch begin to read more books and have
the chance to encounter more difficult words to decode in these texts. Second, this
finding may be due to statistical (i.e., the stability coefficient of reading accuracy is
relatively low and this leaves room for other variables to make a unique contribution)
or measurement issues. In orthographically consistent languages, the accuracy mea-
sures are often made more difficult by including more low-frequency complex words
with minor inconsistencies towards the top end (e.g., Georgiou et al., 2008) and only
children who read more are likely to have ever been exposed to these words.

Even though we could not follow our sample into later grades and until reading
fluency would also reach a certain proficiency level, it is quite possible that when that
happens neither reading accuracy nor fluency will predict each other’s growth (as in
van Viersen et al., 2018). This is not to be interpreted that accuracy is not important
for fluency and vice versa, but that there is little in future reading fluency that is not
already accounted for by earlier levels of reading fluency. The parallel development
of the two skills may indicate that further growth in word-reading fluency tasks is
related to supra-lexical processes (i.c., inter-word processing) that go beyond indi-
vidual word recognition accuracy and speed.

Recent work by Protopapas and colleagues (Protopapas et al., 2018, 2024; van
Viersen et al., 2024) has shown that for increases in the reading fluency of word-lists,
as in the current study, inter-word processes become increasingly important. Protopa-
pas and colleagues called this phenomenon “cascaded processing” (i.e., simultaneous
processing of multiple stimuli presented in serial fashion). Assuming further growth
in word-list fluency tasks like the ones we used here is associated with improved
cascaded processing, then reading accuracy cannot explain this improvement as it is
unrelated to cascaded processing. Interestingly, the type of stimuli in the two accu-
racy and fluency tasks (words or pseudowords) does not matter either in the observed
relations as the pseudowords in the fluency task were relatively short and could prob-
ably be processed as whole units as well. Although pseudowords are novel items and
we do not have an orthographic representation of them in our mental dictionary, they
can be processed efficiently when they are short and derived from existing words by
omitting or substituting one of their letters (e.g., fet, dess, felly). This is in line with
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the findings of van den Boer et al. (2016) who showed that only when Grade 5 chil-
dren were asked to read 8-letter long pseudowords, there were significant differences
in the pattern of relations between English and Dutch. In fact, the reason why our
findings in Dutch diverge from those in van Viersen et al.’s (2018) study is that they
measured reading fluency with high-frequency, monosyllabic items that could be
read with some level of automaticity. This created a situation where accuracy was at
ceiling and fluency was automatic; hence, no cross-lagged relations between the two.

Some limitations of the present study are worth mentioning. First, as mentioned in
the Method section, an inherent problem in cross-linguistic studies is the comparabil-
ity of the reading tasks. Unfortunately, creating perfectly matched reading measures
across languages with as diverse characteristics as the ones included in our study is
almost impossible and could potentially result in tasks that for a group of children
in our sample would not reflect the type of words they see in their language. As a
result, we followed the example of previous cross-linguistic studies (e.g., Holopainen
et al., 2020; Majorano et al., 2021; Moll et al., 2014) and used existing measures of
accuracy and fluency in each language. Second, because reading accuracy was close
to ceiling in Greek and Dutch by the end of Grade 2, we could not assess reading
accuracy past that grade level. Finally, we measured accuracy and fluency at the
word level and not at the sentence or passage level. Future studies may explore cross-
lagged relations between accuracy and fluency at different levels.

To conclude, our findings showed that reading accuracy and fluency are recipro-
cally related only in Grade 1 and the effects are similar across languages varying in
orthographic consistency. This suggests that early literacy instruction should focus
not only on decoding but also on word reading fluency as they both support each
other’s growth.
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