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Abstract

This study analyses the impact of certain cognitive processes on the writing of words in
languages with different orthographic consistency (Spanish and Arabic) in the first and
second years of Primary Education. One hundred twenty-eight schoolchildren from Ecua-
dor and 109 from Algiers participated in this study. All the participants were aged between
6 and 7 years old, came from the middle classes, and had no special educational needs. We
evaluated all the participants for word writing, knowledge of letters, phonological aware-
ness, rapid automatised naming (alphanumeric and non-alphanumeric), and phonological
memory. We performed descriptive-exploratory analyses and bivariate and multivariate
regressions for the writing of words in each language. The results show that most of the
cognitive variables considered do not contribute equally to the explanation of word writing
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in both languages at 6 and 7 years of age. However, in each language, at these ages, similar
variables contribute to the explanation of word writing. These results have important impli-
cations for educational practice, as well as the explanatory theory of writing acquisition.

Keywords Writing - Cognitive predictors - Spanish - Arabic

Over the past decade, there has been an increase in research into the development of writ-
ing, possibly motivated, among other reasons, by the incorporation of new methodological
paradigms to study the cognitive processes involved in this task, the need to implement
new teaching methodologies for writing, or growing interest in analysing the relationship
between reading and writing processes (De Bree & van der Boer, 2019; Georgiou et al.,
2020; Nielsen & Juul, 2016; Ouellette & Senechal, 2017).

There is a larger body of research on the relationship of cognitive variables to the acqui-
sition of reading in different languages and at different ages than the acquisition of writing
(Asadi et al., 2017; Bar-Kochva & Nevo, 2019; Caravolas, 2018; Georgiou et al., 2016;
Gonzalez-Valenzuela et al., 2016; Pinto et al., 2016;). One of the reasons for this situation
is the existence of different explanations about the association between reading and writ-
ing, which is one of the reasons for the interest in studying the writing of words at different
ages. Some of the research highlights a strong relationship between reading and writing
and finds that, at the start of literacy, the most relevant variable in the learning of writing
is the learning of reading, especially in languages with a high degree of consistency for
reading and less for writing (Aram et al., 2014; De Bree & Van der Boers, 2019; Ferroni
et al., 2016; Georgiou et al., 2020; Khoury & Khateb, 2022). In some cases, the existence
of a symmetrical relationship between the two is postulated in which they share knowl-
edge, cognitive systems, communicative intentions, and activation of neural circuits (Fer-
roni et al., 2016; James & Engelhardt, 2012). However, other meta-analytical studies indi-
cate that the relationship between these tasks is not symmetrical, since reading competence
could explain up to 25% of writing performance at an early age (Graham et al., 2017), or
that writing also seems to influence reading at later ages (Malpique et al., 2020). These dis-
crepancies in the relationship between reading and writing partly justify the recent interest
in analysing cognitive predictors of writing.

However, there does not seem to be any consensus on the processes that explain writ-
ing, according to the orthographical characteristics of the language. Some studies posit
differences in the cognitive processes involved in writing. These studies are based on the
double-path model and argue the importance of grapheme-phoneme conversion rules
(phonological processing) in the writing of words, especially in languages with more con-
sistent spelling systems and access to visual-orthographic representations (visual process-
ing) in word reading, particularly in less consistent languages (Georgiou et al., 2008; Moll
et al., 2014; Tolchinsky et al., 2012; Ziegler & Goswami, 2005). In addition, the theory of
granularity supports the idea that the consistency of each language is relative since a lan-
guage will be less orthographically consistent when graphemes represent phonemes less
accurately due to their phonological structure (coarse grain), while it will be more consist-
ent when graphemes more accurately represent phonemes (fine grain) (Ziegler & Gos-
wami, 2005). This could justify why the predictors of writing differ depending on the
grain of each language along with the interest of our study. Other studies, however, do not
posit these differences between languages in the process of writing. They are based on the
self-teaching model and argue that the orthographic representations formed in different
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languages are based on the repeated use of phonological representations and phoneme-
grapheme translation. Access to phonological representations would be the most relevant
factor in different languages (Caravolas, 2018; Frost, 2005; Joshi & McCardle, 2018;
Share, 2008; Share & Shalev, 2004; Ziegler & Goswami, 2005). As for the consistency of
Spanish and Arabic, it should be noted that Spanish is a consistent language. It has 27 let-
ters (5 vowels and 22 consonants) that are represented in upper and lowercase letters,
which are used in various syllable structures (VC, VCV, CVC, CCV, CVV, CCVC, and
CVVCQ). It has a finer grain structure because phonemes represent graphemes more accu-
rately, with a high level of correspondence between phonemes (sounds) and graphemes
(letters), since most letters correspond to a single sound and each phoneme corresponds to
a unique grapheme. Although there are some exceptions between the phoneme-grapheme
relationship (for example, the phoneme /b/ is written as the grapheme ‘v’ or ‘b’) and some
spelling rules (for example, ‘m’ is written before ‘p” and ‘b’), each grapheme has a single
written form and is always the same regardless of the adjacent letters, and all phonemes
are written (except for the grapheme ‘h’). The directionality of writing is, as in most lan-
guages, from left to right. Arabic, however, is a less consistent language. It has 28 letters
(3 vowels that can be lengthened, 23 consonants, and 2 semi-consonants) that are repre-
sented only in lower case. Syllables must necessarily begin with a consonant and are dom-
inated by the alternation of a vowel and a consonant, reducing syllable structures to CV,
CVYV, CVC, and, in some cases, CVVC (Baccouche, 2003; Cohen, 2007). It has a coarser
grain structure since graphemes represent phonemes less accurately, and the correspond-
ence between phoneme and grapheme is not as high. Many graphemes are not pronounced
or are pronounced differently to the way they are written. In addition, some of the letters
have more than one written form depending on their placement within the word (begin-
ning, middle, and end) following the rules of linking with the preceding letter, and some
have dots written in different positions (above or below the letters) while others do not
(Taha, 2013; Taha et al., 2013). It also has a peculiar feature with respect to other lan-
guages, since the directionality of the writing is inverse, that is, from right to left. In par-
ticular, there are many phonologically ambiguous homographs in writing since <8 can
correspond to [katafa] (wrote), [kattafa] (he wrote), [koTof] (books), or [kKoTia] (Was
written).

In relation to the learning of writing in Spanish and Arabic, it should be noted that, in
Spanish, initially, pupils acquire global knowledge of words based on their frequency (they
write their own name and some familiar words) and learn the correspondence between pho-
neme and grapheme. Subsequently, they learn orthographic characteristics, with exceptions
and spelling rules for words. In Arabic, on the other hand, children initially learn vocalised
writing, focusing more on teaching the sounds of letters at the syllable level rather than the
phoneme level. Later on, they learn non-vocalised, orthographic, more opaque, and mor-
phological writing, characterised by having a consonant root and a vowel scheme, which
represent many homographs with phonological and semantic similarities (Ahmad & Share,
2021; Taha, 2013).

Differences in the explanatory models of writing, in the degree of orthographic consist-
ency of Spanish and Arabic, as well as in the teaching methods of both languages are other
reasons that justify the interest shown over the past decade in studying the predictors of
writing.

Most studies on the learning of writing in languages with different orthographic consist-
ency analyse cognitive predictors such as letter knowledge, phonological awareness, rapid
automatised naming, and phonological memory, although not together in many cases (Bar-
Kochva & Nevo, 2019; Batnini & Uno, 2014; Binamé & Poncelet, 2016; de Bree & van
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der Boer, 2019; Georgiou et al., 2020; Harrison et al., 2016; Milburn et al., 2017; Moll
et al., 2014; Nielsen & Juul, 2016; Ouellette & Senechal, 2017; Pinto et al., 2016). These
variables appear to correlate to a greater or lesser extent with writing, and their influence
is modulated by age and/or the linguistic complexity or consistency of the language (Bar-
Kochva & Nevo, 2019; De Bree & van den Boer, 2019; Ferroni et al., 2016; Georgiou
et al., 2016; Inoue et al., 2014; Pittas, 2018). In addition, in some languages, this relation-
ship depends on whether reading is more transparent than writing, such as Greek or Ger-
man (Verhoeven & Perfetti, 2022). This might explain why the predictors of writing are
different depending on the granularity of each language. In Spanish, there are few studies
conducted on predictors of writing, and those conducted at earlier ages do not consider all
these variables together (Ferroni et al., 2016; Gémez-Veldzquez et al., 2015; Gutiérrez &
Diez, 2018; Suarez-Coalla et al., 2013). In Arabic, there are also few studies on predictors
of writing, and the existing research is conducted at older ages (Asadi, et al., 2017; Khoury
et al., 2018; Taha & Saiegh, 2016; Tibi & Kirby, 2018). There are few studies comparing
predictors in Spanish with predictors in Arabic for word writing, although there are some
studies where Spanish has been compared with less consistent languages (Caravolas et al.,
2012,).

Letter knowledge (LK) is a strong predictor from early ages in more consistent lan-
guages (Aram et al., 2014; Ferroni et al., 2016; Guo et al., 2018) such as Spanish since it
is necessary to know the letters of the alphabet to make the association between phoneme
and grapheme. At younger and older ages, in less consistent languages such as Arabic, it
is also a good predictor as pupils first know the name of the letter and later learn its sound
(Ahmad & Share, 2021; Asadi et al., 2017; Batnini & Uno, 2014; Khoury & Khateb, 2022;
Khoury et al., 2018), among other reasons, because large phonological units (consonants
and vowels) are usually taught instead of isolated phonemes.

Phonological awareness (PA) has also been found to be one of the most relevant pre-
dictors of writing in languages with different orthographic consistency since this makes it
easier for learners to break down and identify the sounds of words, prior to their conversion
into graphemes (Biname & Poncelet, 2016; De Bree & van der Boer, 2019; Malpique et al.,
2020; Milburn et al., 2017; Moll et al., 2014; Nielsen & Juul, 2016; Pinto et al., 2016;
Pittas, 2018; Suarez-Coalla et al. 2013; Vaessen & Blomert, 2013). However, its contribu-
tion to the explanation of writing differs according to the characteristics of the language
and age of the schoolchildren (Ding et al., 2018). Thus, in Spanish, among younger and
even older learners, PA is shown to be a good predictor of writing (Ferroni et al., 2016;
Goémez Velazquez et al., 2010; Suarez-Coalla et al., 2013) since it is a highly consistent
language. It should be noted that its contribution to the explanation of writing decreases as
age increases because there are grapheme-phoneme conversion rules and spelling rules that
must be learned (Gémez Velazquez et al., 2010). In Arabic, as a less consistent language in
which letters are never associated with bigrams or trigrams and most of them change their
form according to their position in the word following the rules of linking to the preced-
ing letter (Besse, 2008), the size of the phonological unit seems relevant to understand
the contribution of PA to the explanation of writing, especially at later ages (Asadi et al.,
2017; Batnini & Uno, 2014; Saiegh & Taha, 2017; Taha & Saiegh, 2016). It should also be
noted that syllable and intra-syllable awareness is more relevant than phonemic awareness
(Saiegh & Taha, 2017; Tibi & Kirby, 2018).

According to some studies, rapid automatised naming (RAN) has a relevant effect in
more consistent languages (Spanish, Finnish, or German) (Bar-Kochva & Nevo, 2019;
De Bree & van der Boer, 2019; Ferroni et al., 2016; Georgiou et al., 2016; Gomez-
Velazquez, et al., 2010), as well as in more inconsistent languages (English, Arabic, and
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Chinese) (Batnini & Uno, 2014; Chen et al., 2021; Harrison et al., 2016; Inoue et al.,
2017; Nielsen & Juul, 2016; Vaessen & Blomert, 2013). This is due to the fact that it is
a measure of speed in the association of visual and verbal stimuli that facilitates access
to orthographic representation. However, other studies have found no direct relationship
between RAN and writing (Moll et al., 2014; Niolaki et al., 2020; Vaessen & Blomert,
2013) since the first would be a measure of speed and the second of accuracy. Impor-
tantly, not all of these studies differentiate between alphanumeric and non-alphanumeric
RAN, which would make it impossible to ensure the influence of these variables on
the writing of words at all ages and in all languages. In Spanish, some studies find that
alphanumeric RAN influences word writing from the beginning of literacy up to later
ages, facilitating the rapid association between phoneme and grapheme and the auto-
mation of the association process between phonological and graphic representations
(Ferroni et al., 2016; Gémez-Veldzquez et al., 2010). It has also been found that non-
alphanumeric RAN influences this process at younger ages (Suarez-Coalla et al., 2013).
In less consistent languages, such as Arabic, some studies show that alphanumeric RAN
plays a relevant role in the initial phase of writing acquisition since it favours sub-lexi-
cal connections between grapheme and phoneme along with the construction and recov-
ery of spelling patterns necessary for the writing of words by creating a repository for
spellings or parts of words (Altani et al., 2020; Chen et al., 2021). However, non-alpha-
numeric RAN would be more related to the rapid association between a global stimulus
and its meaning, influencing writing later on (Bar-Kochva & Nevo, 2019; De Bree &
van der Boer, 2019; Georgiou et al., 2016).

Phonological memory (PM) is a variable that is not often considered in studies on pre-
dictors of word writing in different languages and at different ages. Some studies that have
taken it into consideration find that it has an influence on the writing of words in languages
of different consistencies since it is necessary to retain and retrieve phonological infor-
mation, being related to phonological awareness (Binamé & Poncelet, 2016; Chalmers
& Freeman, 2018; Harrison et al., 2016; Niolaki et al., 2020; Treiman, 2017). However,
other studies indicate that its influence depends on language and age and that this influence
would decrease as age progresses (Caravolas et al., 2012; Harrison et al., 2016; Nielsen &
Juul, 2016; Ouellette & Senechal, 2017; Zoccolotti et al., 2020). In Spanish, it has been
found that PM influences word writing at an early age (Suarez-Coalla et al., 2013). In Ara-
bic, some studies find a positive effect for PM on word writing (Batnini & Uno, 2014),
while others do not find any relationship (Ahmad & Share, 2021; Asadi et al., 2017). Some
of the research that has found an influence was performed with older subjects, while stud-
ies that have found no influence are conducted at younger ages when the school children
are not yet literate.

Because writing has been studied to a lesser degree than reading, and because there
are differences and incongruencies in findings about the influence of different cognitive
components on word writing, according to the consistency of the language and the age of
the school children, the aim of this paper was to determine which of the cognitive vari-
ables studied (knowledge of letters, phonological awareness, alphanumeric and non-alpha-
numeric rapid automatised naming, and phonological memory) contribute to the explana-
tion of word writing at 6 and 7 years of age (first and second year of primary education) in
two languages of different orthographic consistency (Spanish and Arabic). In general, we
expect to find different associations between the cognitive variables considered and word
writing at six and seven years of age in Spanish and Arabic.
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Method
Design

Since the fundamental objective of this research was to explore a functional relationship
by predicting word writing through cognitive predictors, in general, we applied a cross-
cutting predictive design (Ato et al., 2013). The criterion variable was Word Writing,
and the predictor variables were Letter Knowledge, Phonological Knowledge, Phono-
logical Memory, and Rapid Alphanumeric and Non-Alphanumeric Automatic Naming.
This design was replicated for Spanish word writing, Arabic word writing, and for both
ages in both languages.

Participants

For this research, we recruited two samples of native Spanish and Arabic-speaking pupils
(non-bilingual), in the first year of primary education, aged six, from Ecuador and Alge-
ria, using non-probabilistic convenience sampling. To access both samples, we previously
selected two schools from average sociocultural areas in the two countries. For both sam-
ples, we evaluated all variables at two points in time: when the pupils were in the first year
of primary school and when they were in the second year of primary school, i.e. at 6 and
7 years of age. Participants in both groups did not present any special educational needs,
according to reports issued by the school psychologists. In both groups, literacy instruction
began when participants were in the last year of Early Years Education, at approximately
5 years of age. The learning outcomes for literacy instruction, in both groups, referred to
the recognition of letters in each language, recognition and writing of frequent words, rec-
ognising the characters and main actions in a short read text, and writing short texts with
their own code. In both groups, participants were taught to write through the copying and
dictation of letters and frequent words in their language, taking care of directionality in
writing in each language and firmness of pressure when writing.

The first group, evaluated in the first and second year of primary school, consisted of 128
Spanish-speaking pupils, 78 girls (60.9%) and 50 boys (39.1%), aged 6 (M =81.05 months,
SD=3.94). The second group, in the first year of primary school, consisted of 109 Arabic
language pupils, 61 girls (54%) and 48 boys (44%), aged 6 (M =80.83 months, SD=4.17).
In the second year of primary school, out of the 109 initial pupils, three children could not
be evaluated. Therefore, at this educational level, this sample consisted of 106 pupils, 61
girls (57.5%) and 45 boys (42.5%).

From the Spanish-speaking group, 1 mother (0.8%) and 1 father (0.8%) had a primary
or pre-secondary level of education, 77 mothers (60.2%) and 72 fathers (66.1%) had a high
school education (junior high and high school, technical and non-technical), and 45 moth-
ers (35.2%) and 29 fathers (26.6%) possessed a higher education (college and graduate).
From the Arabic-speaking group, 8 mothers (7.3%) and 11 fathers (10.1%) had a primary
or pre-secondary level of education, 72 mothers (66.1%) and 69 fathers (63.3%) had a high
school education, and 29 mothers and 29 fathers (26.6%) possessed a higher education.
The level of education attained by mothers and fathers was related, both in Spanish (X2(4,
N=128)=139.40, p<0.01; V=0.76) and in Arabic (X2(4, N=109)=61.58, p<0.01;
V=0.75), with the majority holding a high school equivalent level of education (Mdn=2,
Mo=2).
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Table 1 summarises the sociodemographic characteristics of the sample: age and sex of
the children and the level of education attained by their mothers and fathers.

Instruments

We evaluated Word Writing through the dictation of 44 words of different lengths, ortho-
graphic complexity, and frequency (see Appendix), which the pupils had to write down.
The total score was the sum of the number of words written correctly (0—44). For the sam-
ple of Spanish-speaking children, we used the Word Writing exercise in the LEE Spanish
Reading and Writing Test (Defior et al., 2006). This test evaluates the phonological and
spelling skills children use when writing words. The internal consistency reliability for the
word writing test in the first and second year of primary school using Cronbach’s alpha sta-
tistics was @=0.84 and a=0.79, respectively. Test—retest reliability was shown with a cor-
relation of 0.82. The study of convergent validity also showed satisfactory indicators, with
positive and significant correlations (r=0.59, p <0.01) found with the PROESC word writ-
ing test (Cuetos et al., 2004). For children who spoke Arabic, we used the Word Writing
test given in the Appendix, which contained the same number of words as used in Span-
ish, using Arabic words with the same length (number of syllables), the same morphology
(noun, adjective, and verb), and the same frequency (low, medium, and high) (Bauer, 1996)
as those used in Spanish. The validity of the word writing test was adequate according to
statistical analyses (Hutchenson & Sofroniou, 1999; Kline, 1999) with a one-dimensional
structure and a saturation index greater than 0.52, as well as an explained variability of
41.65% and a sampling adequacy index of 0.88, respectively. All items presented a homo-
geneity index of 0.39 and adequate internal consistency of 0.95, respectively.

We evaluated Knowledge of Letters by asking the pupils to read out all the letters in each
language, with the total score being the number of letters read correctly. In this test, the
children had to say the name or sound of each letter in Spanish (0-29) or Arabic (0-28).
For the Spanish-speaking children, we used the Knowledge of Letters exercise in the LEE
Spanish Reading and Writing Test (Defior et al., 2006). Internal consistency obtained for
this test using Cronbach’s alpha statistic was 0.60 and 0.64 for the first and second years
of primary school, respectively. Test-retest reliability indicated a correlation of 0.50 and
showed positive correlations with the word-reading and word-writing tests of the PRO-
LEC battery (Cuetos, 2010) and the PROESC battery (Cuetos et al., 2004) between 0.15
and 0.20. For the Arabic-speaking children, all the letters in that language were used
(Gonzalez-Valenzuela et al., 2022). The validity of the letter reading test was adequate
according to statistical analyses (Hutchenson & Sofroniou, 1999; Kline, 1999). It presented
a one-dimensional structure and a saturation index greater than 0.51, with an explained
variability of 58.65% and a sampling adequacy index of 0.90. All items presented a homo-
geneity index of 0.30 and adequate internal consistency of 0.89.

We evaluated Phonological Awareness through 14 words presented orally. The chil-
dren had to isolate and name the sounds that made up each word. The total score was of
the number of words correctly segmented into sounds (0—14). For the Spanish-speaking
children, we used the Phonological Awareness exercise in the LEE Spanish Reading and
Writing Test (Defior et al., 2006). Cronbach’s alpha statistic indicated an internal consist-
ency of 0.91 and 0.86 for the first and second years, respectively, and test—retest reliability
indicated a correlation of 0.64. For children who spoke Arabic, the same number of words
was used with the same length (number of letters), the same morphology (noun, adjective,
and verb), and the same frequency (low, medium, and high) (Bauer, 1996) as those used in
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Spanish (Gonzalez-Valenzuela et al., 2022). Cronbach’s alpha statistic indicated reliability
of a=0.84.

We evaluated rapid automatised naming in both groups by means of the RAN test (Wolf
& Denckla, 2003) adapted by Gémez-Velazquez et al. (2010). This test consists of naming
200 visual stimuli distributed across 50 letters, 50 numbers, 50 objects, and 50 colours.
The total score achieved in alphanumeric rapid automatised naming is the time, in second,
taken to name letters and numbers, and in non-alphanumeric rapid automatised naming it
is the time taken to name the objects and colours shown. In the Arabic sample, we used the
letters in Arabic, respecting the order in which the equivalent letters appear in the Spanish
version (Gonzalez-Valenzuela et al., 2022). Cronbach’s alpha statistic indicated test reli-
ability (¢=0.79). The rest of the components of the test were the same in Spanish and
Arabic.

We evaluated Phonological Memory in both groups using the Phonological Short-Term
Memory (PSTM) test developed by Soriano and Miranda (2010), based on the Hebrew
phonological memory task (Geva et al., 2000). The test consists of orally repeating a
single list of 20 pseudowords (Latin words that do not match the Spanish or Arabic lexi-
con). Pseudowords were unknown words in Spanish and Arabic and were pronounced
the same in both languages, and children had to repeat them orally (Gonzalez-Valenzuela
et al., 2022). The total score for this test is obtained by adding the number of pseudowords
repeated correctly (0-20). Cronbach’s alpha statistic for the test was 0.74.

Procedure

The selected tests were administered individually to each pupil by some of the authors of
the paper belonging to the Universidad de Azuay and the Ecole Normale Supérieure de
Kouba, all holders of a PhD in Psychology. These institutions have a collaboration agree-
ment in place with the Universidad de Mélaga, to which the rest of the researchers belong.
The tests were administered simultaneously in each country. The children were evaluated
when they were in the first year of primary education and then one year later when they
were in the second year of primary education. On both occasions, the evaluations were car-
ried out in October.

Evaluations took place in two sessions each lasting around 45 min. In the first ses-
sion, the tests for writing words and knowledge of letters were administered. In the sec-
ond session, phonological memory, phonological awareness, and rapid automatised naming
(alphanumeric and non-alphanumeric) tests were administered.

The research conducted complied with the ethical requirements of the Helsinki Declara-
tion (WMA, 2015). It was approved by the Experimentation Ethics Committee of the Uni-
versidad de Malaga (CEUMA). The head teachers from the participating schools gave their
authorisation for the research to be carried out. The parents of the participating pupils gave
their written consent for their children to participate in the research.

Statistical analyses

To address the objectives of the study, we conducted statistical analysis in two stages: first,
a preliminary analysis followed by subsequent multivariate linear regressions.

In the first stage, we explored, described, and correlated all variables in order to
describe the sociodemographic characteristics of the samples, assess the relationship
between the variables, and detect potential cognitive predictors of word writing in the
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Spanish and Arabic language groups, at both 6 and 7 years of age. The initial descriptive
analysis of the sociodemographic characteristics of the sample, the criterion variables, and
the potential predictors analysed was carried out in terms of means and standard devia-
tions or frequencies and percentages, depending on the categorical or continuous nature
of the variable according to its scale of measurement. To determine the educational level
of the study samples, we applied Pearson’s Chi-square tests of independence. For bivari-
ate analyses between all the variables, we calculated Pearson’s correlation coefficients and
their corresponding significance tests. The effect size was considered small, moderate, or
strong, according to Cohen’s criterion (1992) for Cramer’s V and correlation coefficient r,
respectively.

In the second stage, the main objectives of this study were answered. Taking into
account the quantitative nature of the variables, multivariate linear regressions were con-
structed. We identified cognitive variables at 6 years of age that predict the written accu-
racy of words at six and cognitive variables at seven years of age that predict the written
accuracy of words at this same age, as well as the joint and unique contribution of each of
them to its variability, both in Spanish and Arabic.

To construct each of the models, we introduced the predictors sequentially, using the
stepwise procedure, in decreasing order according to their corresponding correlation coef-
ficient when in previous bivariate analyses they had an associated probability of less than
0.05 and an effect size equal to or greater than 10.20l. To evaluate the overall significance
of the estimated regression models and their parameters, we used Fisher’s F test and Stu-
dent’s ¢ test (two-tailed), respectively. We applied the coefficient of determination (R?) and
the adjusted coefficient of determination (Adjusted R?) to assess overall the variance of
written word accuracy attributable to the set of predictors included. We calculated the spe-
cific contribution of each predictor to the total variance of written word accuracy using
the semi-partial correlation coefficient (srl?) and evaluated the practical significance of the
final regression models estimated according to Cohen’s criterion (1992) for the coefficient
of determination (R?). Through the diagnosis of residuals, we verified the assumptions of
linearity, normality, and homogeneity of variances and confirmed the assumption of multi-
collinearity by means of the variance inflation factor.

Statistical data processing and analysis were carried out using version 28.0 of the Statis-
tical Package for the Social Sciences (SPSS) (IBM, 2021).

Results
Word writing in Spanish

Table 2 summarises the statistical description of all variables and the bivariate correlations
between all cognitive measures and the written accuracy of words in Spanish at the ages of
six and seven.

Between the cognitive variables and written word accuracy measured at 6 years of age,
the statistically significant correlations found in decreasing order according to the size
of the correlation were with phonological awareness, knowledge of letters, phonologi-
cal memory, and alphanumeric rapid automatised naming. The magnitude of the effect of
the first two associations can be considered strong and that of the other two moderate and
small, respectively. No statistically significant relationship was found with non-alphanu-
meric rapid naming.
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Table 2 Descriptive statistics and correlations for the Spanish language broken down by age

Variables ~ Mean SD Range 1 2 3 4 5 6

Spanish language at 6 years old (n=128)
1. WW 18.71 8.09 0-38 -
2. KL 23.52 4.19 9-29 0.60%*2

3.PA 5.43 3.17 0-12 0.66%*4 0.55%* -

4. ARN 102.02 3022 56-189 —0.28*%  —0.15 -0.13 -

5.NARN 20631 55.06 120401 0.01 -0.13 —0.06 -0.10 -

6. PM 15.59 2.81 6-20 0.30%#* 0.24**%  0.32%*  —-0.13 -001 -

Spanish Language at 7 years old (n=128)
1. WW 27.92 5.90 841 -
2. KL 27.08 2.05 14-29 0.41%#2 -

3.PA 8.51 2.41 2-14 0.33%#2 0.34%* -

4. ARN 87.90 2734  53-255 -0.07 -0.09 -0.07 -

5.NARN 17037 44.65 87-312 -0.03 -0.02 -0.06  0.28*%F -

6. PM 17.95 2.40 8-20 0.23%*4 0.19% 0.23*%*  0.02 0.07 -

SD standard deviation, WW word writing (no. of correct responses), KL knowledge of letters (no. of cor-
rect responses), PA phonological awareness (no. of correct responses), ARN alphanumeric rapid naming
(seconds), NARN non-alphanumeric rapid naming (seconds), PM phonological memory (no. of correct
responses). **Pearson’s r correlation coefficient significant at p <0.01; *Pearson’s r correlation coefficient
significant at p <0.05. *Effect size of the correlation coefficient r (Cohen reference values: small=I0.10l;
moderate =1.30l; strong =10.50I or higher)

The results obtained in the regression analyses at the age of six are summarised in
Table 3.

At the age of six, in Spanish, with written word accuracy as the criterion variable
and the cognitive variables phonological awareness, knowledge of letters, phonologi-
cal memory, and alphanumeric rapid automatised naming as the predictor variables, the
final adjusted model included the variables phonological awareness, knowledge of let-
ters, and alphanumeric rapid automatised naming, which jointly explained 55% (54%
adjusted) of the variance in written word accuracy at 6 years of age in Spanish. Accord-
ing to these values, the practical significance of the model is great.

The corresponding semi-partial correlation coefficients (sriz) indicated that these
three cognitive variables contributed, respectively, 15.21%, 6.76%, and 2.89% to the
total variance of written word accuracy when the pupils were 6 years old and in the first
year of primary school (see Table 3).

At 7 years of age, in Spanish-speaking children (see Table 2), the statistically sig-
nificant correlations found between cognitive variables and written word accuracy in
decreasing order according to the size of the correlation were knowledge of letters, pho-
nological awareness, and phonological memory. The magnitude of the effect of the first
two associations can be considered moderate and that of the third association small.
No statistically significant relationship was found with alphanumeric rapid automatised
naming or with non-alphanumeric rapid naming.

At the age of seven, among Spanish-speaking children, with written word accuracy
as the criterion variable and the cognitive variable knowledge of letters, phonological
awareness, and phonological memory as the predictor variables, the final model (F(2,
128)=16.44, p<0.01) included the variable knowledge of letters and phonological
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Table 3 Regression analysis

ish 1 =12
results for word writing at 6 Spanish language (n 8

years old WW B SEB B t p st VIF
Constant 255 354 0.72 0474
PA 119 0.8 047 648 0000 039 143
KL 061 0.14 032 439 0000 026 144
ARN -0.04 001 -017 -2.84 0.005 —0.17 1.03
Goodness-of-fit tests
F 50.57#%
R? 0.55°
Adjusted R>  0.54%
R 0.74

WW word writing, PA phonological awareness, KL knowledge of let-
ters, ARN alphanumeric rapid naming, SE standard error, sr semi-
partial correlation (unique), VIF variance inflation factor. **Fisher’s
F test significant at p<0.01. *Effect size of the coefficient of deter-
mination R? and adjusted R? (Cohen reference values: small=0.01;
medium =0.10; large =0.25)

awareness, which jointly explained 21% (19% adjusted) of the variance in written word
accuracy at 7 years of age in Spanish. According to these values, the practical signifi-
cance of the model is moderate (see Table 4).

According to the corresponding semi-partial correlation coefficients (sriz), these two
variables contributed 6.76% and 4%, respectively, to the total variance of written word
accuracy when the Spanish-speaking pupils were 7 years old and in the second year of
primary school (see Table 4).

Table 4 Regression analysis

Spanish I =128
results for word writing at 7 panish language (n )

years old WW B SEB t p st VIR
Constant -2.61 623 —042 0.676
KL 0.96 024 033 395 0.000 031 1.13
PA 0.53 021 022 256 0012 020 1.13
Goodness-of-fit tests
F 16.44%%
R? 0.21°
Adjusted R>  0.19*
R 0.45

WW word writing, KL knowledge of letters, PA phonological aware-
ness, SE standard error, sr semi-partial correlation (unique), VIF vari-
ance inflation factor. **Fisher’s F test significant at p <0.001. *Effect
size of the coefficient of determination R* and adjusted R? (Cohen ref-
erence values: small=0.01; medium =0.10; large =0.25)
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Word writing in Arabic

The results obtained for Arabic-speaking children at 6 and 7 years of age are presented
below. Table 5 summarises the statistical description of all cognitive variables and written
word accuracy, as well as the bivariate correlations.

At the age of six, a significant relationship was found between alphanumeric rapid
automatised naming, non-alphanumeric automatised rapid naming, knowledge of letters,
phonological memory, and written word accuracy. The magnitude of the effect of the first
relationship is considered strong, the second moderate, and the third small. No statisti-
cally significant relationship was found between phonological awareness and written word
accuracy.

At the age of six, among Arabic-speaking children, with written word accuracy as the
criterion variable and the cognitive variables non-alphanumeric rapid automatised naming,
alphanumeric rapid automatised naming, knowledge of letters, and phonological memory
as the predictor variables, the final adjusted model (F(2, 109)=36.88, p<0.01) included
the variables non-alphanumeric rapid automatised naming and knowledge of letters, which
jointly explained 41% (40% adjusted) of the variance in written word accuracy at 6 years
of age in Arabic. According to these values, the practical significance of the model is high.

Both cognitive variables contributed 30.25% and 2.89%, respectively, to the total vari-
ance of written word accuracy when the 6-year-old Arabic-speaking children were in the
first year of primary school (see Table 6).

Table 5 Descriptive statistics and correlations for the Arabic language broken down by age

Variables Mean SD Range 1 2 3 4 5 6

Arabic language at 6 years old (n=109)
1. WW 20.32 11.73 0-42 -

2. KL 27.31 1.62 17-28 0.33%*a

3.PA 9.59 3.55 1-14 -0.14 0.09 -

4. ARN 124.84 35.74 72-228 —0.39%%  —0.21* 0.14 -

5.NARN 385.03 167.37 139-840 —0.62** —0.27** 0.22%  0.46%* -

6. PM 16.72 2.99 5-20 0.21%* 0.08 0.04 -0.28*%  -0.12 -

Arabic Language at seven years old (n=106)
1. WW 27.31 1134 0-42 -
2. KL 2792 037 26-28 0.28%#4 -

3.PA 11.78 2.73 0-14 0.26%*2 0.44** -

4. ARN 95.06 25.48 56-199 —0.33%%  —031** —-0.18 -

5.NARN 14453 39.81 88-288 —0.32%%  —0.13 0.03 0.47%* -

6. PM 17.18 2.68 7-20 0.09 0.31%* 0.21%* -0.09 0.12 -

SD standard deviation, WW word writing (no. of correct responses), KL knowledge of letters (no. of cor-
rect responses), PA phonological awareness (no. of correct responses), ARN alphanumeric rapid naming
(seconds), NARN non-alphanumeric rapid naming (seconds), PM phonological memory (no. of correct
responses). **Pearson’s r correlation coefficient significant at p <0.01; *Pearson’s r correlation coefficient
significant at p <0.05. *Effect size of the correlation coefficient r (Cohen reference values: small=I0.10l;
moderate =10.30l; strong =10.50I or higher)
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Table 6 Regression analysis results for word writing at 6 years old

Arabic language (n=109)

WW B SE B i ! p st VIF
Constant 0.80 16.01 16.54 0.960

NARN -0.04 0.00 -0.57 -7.33 0.000 -0.55 1.08
KL 1.28 0.56 0.18 2.28 0.025 0.17 1.08
Goodness-of-fit tests

F 36.88%:*

R? 0.412

Adjusted R? 0.40°

R 0.64

WW word writing, NARN non-alphanumeric rapid naming, KL knowledge of letters, SE standard error; sr,
semi-partial correlation (unique), VIF variance inflation factor. **Fisher’s F test significant at p<0.01.
Effect size of the coefficient of determination R* and adjusted R? (Cohen reference values: small=0.01;
medium =0.10; large =0.25)

At the age of seven, among Arabic-speaking children (see Table 5), a significant rela-
tionship was found between alphanumeric rapid automatised naming, non-alphanumeric
rapid automatised naming, knowledge of letters, phonological awareness, and written word
accuracy (see Table 5). According to these correlations, the effect size of the first two can
be considered medium, and that of the other two small. No statistically significant relation-
ship was found with phonological memory.

At 7 years of age, among Arabic-speaking children, from the initial regression model
with written accuracy of words as the criterion variable and the cognitive variables alpha-
numeric rapid automatised naming, non-alphanumeric rapid automatised naming, knowl-
edge of letters, and phonological awareness as the predictor variables, a good final model
(F (2, 106)=10.79, p<0.01) was adjusted and included the variables non-alphanumeric
rapid automatised naming and phonological awareness, explaining 17% (16% adjusted) of
the variance in written word accuracy among 7-year-old Arabic-speaking children. Accord-
ing to these values, the practical significance of the model is also moderate.

Each of these cognitive variables contributed 11.56% and 7.84%, respectively, to the
total variance of written word accuracy among 7-year-old Arabic-speaking children (see
Table 7).

Analysis of residuals and the variance inflation factor indicated that these models fit the
assumptions of linear regression.

Discussion

In this study, we analysed the degree to which certain cognitive variables (knowledge of
letters, phonological awareness, alphanumeric and non-alphanumeric rapid automatised
naming, and phonological memory) contribute to the explanation of written word accuracy
in two languages with different orthographic consistency (Spanish and Arabic) among chil-
dren in the first and second years of primary education (6 and 7 years of age).

The findings for the Spanish sample highlight that, at the age of six, phonological
awareness, knowledge of letters, and alphanumeric rapid automatised naming contribute to

@ Springer



Predictors of word writing in Spanish and Arabic among 6- and... Page 150f23 20

Table 7 Regression analysis

Arabic | =1
results for word writing at 7 rabic language (n=106)

years old WW B SEB P t p sr VIF
Constant 2756 577 4.78 0.000
NARN -0.09 0.02 -0.33 -3.65 0.000 —0.34 1.00
PA 1.12 038 027 298 0.004 028 1.00
Goodness-of-fit tests
F 10.79%*
R? 0.172
Adjusted R 0.16%
R 0.42

WW word writing, NARN non-alphanumeric rapid naming, PA pho-
nological awareness, SE standard error, sr semi-partial correlation
(unique), VIF variance inflation factor. **Fisher’s F test significant
at p<0.01. “Effect size of the coefficient of determination R*> and
adjusted R? (Cohen reference values: small=0.01; medium=0.10;
large=0.25)

the explanation of word writing, whereas non-alphanumeric rapid automatised naming and
phonological memory do not. At the age of seven, phonological awareness and knowledge
of letters contribute to the explanation of word writing, but alphanumeric and non-alpha-
numeric rapid automatised naming and phonological memory do not. In Arabic, at the age
of six, non-alphanumeric rapid automatised naming and knowledge of letters contribute
to the explanation of word writing, but no relationship could be established with the other
cognitive variables considered (phonological awareness, alphanumeric rapid automatised
naming, and phonological memory). At the age of seven, something similar happens: non-
alphanumeric rapid automatised naming contributes to the explanation of word writing as
does phonological awareness, whereas knowledge of letters, alphanumeric rapid automa-
tised naming, and phonological memory do not. In short, in both languages, at the age
of six, knowledge of letters is presented as a strong predictor, but phonological memory
does not contribute to the explanation of word writing. On the other hand, there are dif-
ferences surrounding the contribution of phonological awareness and rapid automatised
naming (alphanumeric and non-alphanumeric) in both languages. In Spanish, phonological
awareness, letter knowledge, and alphanumeric rapid automatised naming contribute to the
explanation of word writing, but non-alphanumeric rapid automatised naming does not.
In Arabic, non-alphanumeric rapid automatised naming and knowledge of letters contrib-
ute to the explanation of word writing, while alphanumeric rapid automatised naming and
phonological awareness do not. At 7 years of age, in both languages, phonological aware-
ness is presented as a strong predictor, but phonological memory does not contribute to the
explanation of word writing at this age. Furthermore, there are differences surrounding the
contribution of knowledge of letters and rapid automatised naming (alphanumeric and non-
alphanumeric) in Spanish and Arabic. In Spanish, knowledge of letters contributes to the
explanation of word writing, but alphanumeric and non-alphanumeric rapid automatised
naming does not. In Arabic, non-alphanumeric rapid automatised naming contributes to
the explanation of word writing, while alphanumeric rapid automatised naming and knowl-
edge of letters do not.

Therefore, the results show that most of the cognitive variables considered at the ages
of six and seven do not contribute equally to the explanation of word writing in both
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languages at either 6 or 7 years old, with a similar contribution at each age. Similar results
are found in other studies that defend the predictive variability of the variables considered
as a function of orthographic consistency (Chen et al., 2021; Georgiou et al., 2020), based
on the theory of granularity (Ziegler & Goswami, 2005), and counter studies that defend a
universal theory on the acquisition of written language (Caravolas, 2018; Hassunah-Arafat
et al., 2017; Ziegler & Goswami, 2005).

Knowledge of letters is significantly present in the predictive models of writing in both
languages and at different ages. The subject must know the letters of the alphabet in any
language in order to write (Ferroni et al., 2016; Guo et al., 2018). This occurs in transpar-
ent languages such as Spanish, where the correspondence between phoneme and grapheme
is almost univocal and the granularity of sounds is very fine (Aram et al., 2014; Ferroni
et al., 2016; Zhang et al., 2021), as well as in less consistent languages, such as Arabic,
where it is also necessary to know the names and sounds of the different letters (Ahmad &
Share, 2021; Khoury & Khateb, 2022). Knowledge of the alphabet is therefore a necessary
requirement for writing at any age and in any language.

Phonological awareness has been extensively studied at various ages and in different
languages. The results of this study indicate that its role is patent in transparent lan-
guages and persists throughout the learning of writing (Binamé & Poncelet, 2016; De
Bree & van der Boer, 2019; Nielsen & Juul, 2016; Wealer et al., 2022). It seems that the
role of phonological awareness is necessary in orthographic systems where phoneme and
grapheme correspondence is more consistent and, therefore, it is necessary to isolate the
different phonemes to be able to write graphemes. It is also relevant to note that research
uses different measures of phonological awareness, which can be phonemic (Asadi et al.,
2017) or syllabic and phonemic (Saiegh & Taha, 2017) as well as various phonologi-
cal tasks (identification, omission, or addition) (Asadi et al., 2017; Khoury et al., 2018;
Saiegh & Taha, 2017). This study has used phonological awareness measures at the fin-
est level, phoneme identification, familiar in transparent, fine-grained languages such as
Spanish (Gutiérrez & Diez, 2018), but less familiar in a more inconsistent and coarser-
grained orthographic system such as Arabic. However, the results of this study do not
find that the role of phonological awareness at the beginning of instruction in reading is
relevant in less consistent orthographic systems, such as Arabic, where other variables
may play a more specific role. Other studies in Arabic (Asadi et al., 2017; Khoury et al.,
2018; Saiegh & Taha, 2017) and in other less consistent languages (Georgiou et al.,
2020; Moll et al., 2014) find a significant role for phonological awareness in word writ-
ing, where correspondence is made between groups of sounds larger than the phoneme.
In less consistent languages, phonological awareness may play a relevant role in word
writing but nuanced by other variables (Inoue et al., 2017; Khoury & Khateb, 2022;
Saiegh & Taha, 2017).

In relation to rapid automatised naming, the study shows unequal results according
to the language and the moment at which writing is learned. Thus, alphanumeric rapid
automatised naming has proved to be significant in the writing of words in Spanish in
the first year but not the second year of primary education. Other research has found an
initial effect for alphanumeric RAN, linked to the speed of association between graph-
eme and phoneme in transparent orthographic systems (Bar-Kochva & Nevo, 2019;
De Bree & van der Boer, 2019; Georgiou et al., 2016), allowing for speed of con-
nection in the simultaneous processing of various sources of visual and phonologi-
cal information (Altani et al., 2020). On the other hand, our study also points out the
relevance of non-alphanumeric RAN in less consistent languages such as Arabic and
in both school years, as other studies indicate (Asadi et al., 2017; Chen et al., 2021).
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Non-alphanumeric RAN appears to be a relevant variable in the writing of words in
less consistent languages (Chen et al., 2021; Harrison et al., 2016; Inoue et al., 2017;
Moll et al., 2014; Nielsen & Juul, 2016; Vaessen & Blomert, 2013), since Arabic is
a more orthographic language, and therefore quick access to orthographic represen-
tations and structures of irregular words is required (Asadi et al., 2017; Khoury &
Khateb, 2022; Saiegh & Taha, 2017).

Phonological memory has not shown a relevant role in any predictive model accord-
ing to age or language, despite presenting a statistically significant correlation with word
writing. This could be because its role overlaps with knowledge of letters or phonological
awareness (Caravolas, et al., 2012; Harrison et al., 2016; Nielsen & Juul, 2016; Ouellette
& Senechal, 2017; Zoccolotti et al., 2020), forming part of a linguistic factor related to the
alphabetical principle and losing its main effect on the writing of words.

In conclusion, the influence of the cognitive variables considered is not exactly the
same in languages with different orthographic consistency, but their influence is some-
what similar between the ages of 6 and 7 in both languages. In general, the findings
highlight the relevance of some cognitive variables, such as knowledge of letters, pho-
nological awareness, and rapid automatised naming, for the acquisition of writing in
both languages. However, interestingly, knowledge of letters only stands out as a factor
at the age of six in Arabic, whereas it is also important at the age of seven in Spanish.
On the other hand, the role played by phonological knowledge in Spanish is important
at both ages, while in Arabic, it is important at the age of seven. Finally, the contribu-
tion of alphanumeric rapid automatised naming is relevant in Spanish at 6 years of age,
and the contribution of non-alphanumeric rapid automatised naming is prominent in
Arabic at 6 and 7 years of age.

These results follow the theory of granularity (Ziegler & Goswami, 2005) and move
away from universal theory in the acquisition of written language (Caravolas, 2018; Has-
sunah-Arafat et al., 2017; Ziegler & Goswami, 2005). Furthermore, these results have
relevant educational implications for the teaching of word writing. Teaching methods for
writing used at an early age in both languages should prioritise and promote knowledge
of the letters of the alphabet, the ability to isolate phonemes and assign them to letters
(grapheme-phoneme conversion mechanisms), and well as quick access to mental and
orthographic representations of words.

The results must be taken with caution because it has not been possible to control for the
type of previous literacy instruction carried out in the groups since they were made up of
pupils in the first year of primary education in both countries. Furthermore, the influence
of the effect of vowelisation (use of diacritical marks to represent short vowels) in Arabic
has not been considered because these characteristics are not present in the Spanish alpha-
bet. Likewise, the reading level of students in both groups could not be considered and
might have influenced the results.

In future studies, it would be important to analyse the influence of these variables on the
writing of words at younger ages in Arabic and to conduct studies at older ages in Span-
ish, given that there is little research to date along these lines. It could also be relevant to
conduct longitudinal studies and to ascertain the joint effect of these cognitive variables
over long periods of time in different languages, using samples of pupils with and without
learning disabilities affecting writing. Finally, it could be interesting to include measures
of reading as well as orthographic, morphosyntactic, and semantic knowledge, which have
not been considered in this study, to see whether the variables studied change their role in
languages of different consistency at these ages.
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Appendix

Table 8 Words used in the writing task in Spanish and Arabic

Words in Spanish Words in Arabic
Chiste siuac
Hipo ok
Flan ad
Cruel Olidae
Pompa i
Empefio Sl glaa
Fundamental Oslaia
Monumento Al
Presentimiento ) sean
Fijo 2
Pendulo ik
Aduana Jusi)
Soplo g pan
Tableta Glbaal
Tallo odala
Anguila Jea
Humilde Al
Lince Claia
Agente 3 giesa
Astronauta s
Animo 2k
Faro zla
Repisa Agial
Yema Je
Veleta oals
Dedal il
Pantano 558
Fachada 5_yalia
Prensa <l
Inglesa Ul i)
Guiflo &l
Derrota il
Pis as
Hiena Jue
Hamaca Jabaios
Gentil e
Celeste BTN
Pelaje Slels
Sultan il
Fiel 2
Mantel sl
Rima EEEN
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