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a  b  s  t  r  a  c  t

The  current  article  addresses  a research  on the predictive  value  of knowing  the  letters  within  the  initial
reading  performance.  Recent  studies  have  shown  a strong  link  between  the  knowledge  of  letters  at early
ages  and  the  decoding  processes.  Our study  deepens  into  the  learning  process  of  the Spanish  alphabet
code,  focused  on  the graphemes,  and analyzes  the predictive  power  of knowing  of letters  for  the decoding
abilities  in  initial  reading.  To  this  end,  the  research  relies  on  a longitudinal  prospective  methodology
and  makes  use  of standardised  instruments  (PROLEC-R  and  BIL)  applied  to  362  students  aged  4 and
5.  The  data  obtained  are  analysed  through  multiple  regression,  using  structural  equation  models.  Our
research  outlines  the relevance  of learning  the  sequence  of  graphemes  from  early  ages,  differentiating
the  sequence  of  learning  in  Spanish  with  respect  to English  language.  In Spanish,  the  learning  sequence  of
the graphemes  is independent  of  the  learning  sequence  of  phonemes.  Moreover,  this  article  emphasizes
the  importance  of  a learning  sequence  of these  letters,  in  order  to foresee  the  development  of  the decoding
abilities.  This  study  concludes  that  the  early  educational  practices  that take  into  account  the  letters  name
and phoneme,  as well  as the concrete  sequence  in graphemes  learning,  optimise  the  reading  performance
of  Spanish  speaking  children.

© 2017  Universidad  de  Paı́s Vasco.  Published  by Elsevier  España,  S.L.U.  All  rights  reserved.

El  conocimiento  de  las  grafías  y  la  secuencia  de  aprendizaje  de  los  grafemas  en
español:  Precursores  de  la  lectura  temprana
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r  e  s  u  m  e  n

Este artículo  aborda  una  investigación  sobre  el valor  predictivo  del conocimiento  de  las  grafías  para  el
rendimiento  lector.  Los estudios  precedentes  han  mostrado  una  fuerte  relación  entre  el  conocimiento  de
las grafías  en  edades  tempranas  y los procesos  de  decodificación.  Nuestro  estudio  indaga  sobre  el  proceso
de aprendizaje  del código  alfabético  español  centrado  en  los grafemas  y analiza  el poder  predictivo  del
conocimiento  de  las  grafías  para  las habilidades  de  decodificación  en  la  lectura  inicial.  Para  ello,  se  apoya
en  una  metodología  longitudinal  prospectiva  y  en  el uso  de  instrumentos  estandarizados  (PROLEC-R  y
BIL)  aplicado  a 362 alumnos  y  alumnas  de  4  y 5 años.  Los  datos  obtenidos  se analizan  mediante  regresión
múltiple,  utilizando  modelos  de  ecuaciones  estructurales.  Nuestra  investigación  subraya  la relevancia
de  la  secuencia  de  aprendizaje  de  los  grafemas  en  edades  tempranas,  diferenciándose  la secuencia  de
aprendizaje  en  español  con  respecto  a la lengua  inglesa.  En  español,  la  secuencia  de  aprendizaje  de  los
grafemas  es  independiente  de  la  secuencia  de  aprendizaje  de  los  fonemas.  Asimismo,  este artículo  sub-

raya la  importancia  de  una  secuencia  de  aprendizaje  de  estas  grafías  para  predecir  el  desarrollo  de  las
habilidades  de  decodificación.  

eran  el nombre  y  fonema  de  l
optimizan  el rendimiento  lecto
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Letter knowledge is important for learning the alphabet and
mplies the discovery of the rules relating phonemes to graphemes.
etters represent the minimal units of sound of a language
phonemes) with orthographic signs termed graphemes (Perry,
iegler, & Zorzi, 2013). Graphemes are symbols perceptually deter-
ined by orientation and shape, which enables the reader to

isually discriminate them (Lorenzo, 2001). Therefore, attentional
kills are predominant in letter knowledge (Helal & Weil-Barais,
015).

The mastery of grapheme/phoneme correspondences is
ey to reading achievement. The explicit instruction of
rapheme/phoneme correspondences supports the acquisition
f the alphabetic principle (Earle & Sayeski, 2017; Schaars, Segers,

 Verhoeven, 2017). The systematic use of such correspondences
fter acquiring the alphabetic principle improves decoding skills.
herefore, letter knowledge is one of the cognitive skills that
est predict future reading performance (Hammill, 2004; Huang,
ortorelli, & Invernizzi, 2014; Storch & Whitehurst, 2002).

The precursor nature of letter-name and letter-sound knowledge
n early educational stages is regarded as an indicator of reading
erformance in many studies. Muter, Hulme, Snowling, and Steven-
on (2004) evaluated letter knowledge at 4 and 5 years of age in
0 English subjects and its relation to decoding skills for 2 years.
he research determined 63% of the variance of decoding skills 1
ear after the acquisition of letter-name and letter-sound knowledge.
imilarly, Evans, Bell, Shaw, Moretti, and Page (2006) evaluated
etter-name and letter-sound knowledge in 149 English-speaking
anadian subjects at 5 years of age and, ten months later, decod-

ng skills. In this case, lower-case letter-name knowledge explained
1% of the variance of reading performance of 1st-year students.
ecently, Onochie-Quintanilla, Defior, and Simpson (2017) eval-
ated letter-name and letter-sound knowledge of 27 upper- and

ower-case letters (and the diletters “ch” and “ll”) in 100 Span-
sh early childhood education students (average age: 5.6 years)
nd word-reading accuracy in 1st-year primary education students.
heir results reveal a lack of predictive value of letter knowledge for
ubsequent (i.e., months later) word reading.

The cited studies highlight the importance of research on
rapheme/phoneme correspondence and its predictive value for
ater reading development. The findings of Caravolas, Lervåg, Defior,
eidlová Málková, and Hulme (2013); Fricke, Szczerbinski, Fox-
oyer, and Stackhouse (2016); Snel, Aarnoutse, Terwel, van Leeuwe,
nd van der Veld (2016) suggest letter knowledge as an early precur-
or of reading common to different orthographic systems (English,
panish, Czech, German, and Dutch). However, our research con-
iders that grapheme/phoneme correspondences vary according to
he alphabetic code because the level of transparency of a language
nfluences alphabet learning (Ziegler et al., 2010). In particular, our
esearch focuses on the predictive value of single-letter knowledge
or early reading development in the Spanish alphabet.

earning sequence of graphemes

A number of studies that address the learning of the English
lphabet have developed a learning sequence of letters.  The rela-
ionship between each single letter and its grapheme facilitates
valuating the knowledge of their associated graphemes by studying
ingle-letter knowledge at early reading stages. Thus, the previ-

usly mentioned studies show that the order of letters in the
nglish alphabet and phonological development affects the learning
equence of graphemes (Jones, Clark, & Reutzel, 2013, Justice, Pence,
owles, & Wiggins, 2006; Treiman, Kessler, & Pollo, 2006).
idáctica, 2018, 23 (2) , 128–136 129

In particular, Justice et al. (2006) analysed knowledge of
the 26 letters of the English alphabet in children between 3
and 5 years of age. Their findings reveal the grapheme learning
sequence of the English alphabet based on a frequency anal-
ysis of letter-name knowledge.  This sequence was  determined
through graphemes recognised by 50% of the subjects. Justice
et al. (2006) also considered the relationship between the learn-
ing sequence of graphemes determined in their results and the
learning sequence of phonemes determined by Sander (1972).
The conclusions of Justice et al. (2006) emphasise the relation-
ship between phonological and graphemic representations. Native
English-speaking children first learn graphemes whose correspond-
ing phonemes are acquired earlier in phonological development.
The authors term this finding “the hypothesis of the order of
consonants”.

Learning sequence of phonemes

Studies on the learning of phonemes drew increasing research
attention at the end of the 20th century. These studies analysed the
phonetic features of phonemes (such as sonority and the point and
mode of articulation) and age in relation to phoneme acquisition,
primarily in English (Sander, 1972; Smit, Hand, Freilinger, Bernthal,
& Bird, 1990).

Studies by Bosch (2004), Camargo (2006), and Vivar and León
(2009) investigated Spanish phonological development. These
studies adopted different methods with respect to the subject
age ranges they considered and different criteria to determine
the learning sequences of phonemes.  Regarding the sample, Bosch
(1983, 2004) and Vivar and León (2009) analysed the phonological
repertoire from 3 years of age, whereas Camargo (2006) exam-
ined phonological development from the first months of life. Bosch
(1983, 2004) and Vivar and León (2009) also studied the learning of
phonemes up to 6 years. However, Camargo (2006) established the
last phase in the learning of phonemes from 3 years of age. Regarding
their results, the research by Bosch (1983, 2004) describes the
acquisition of phonemic inventory between 3 and 7 years of age,
classifying phonemes according to success rates in average-age
groups (3 years, 4 years, 5 years, 6 years, and 7 years). Camargo
(2006) classifies phoneme learning into 4 groups between 0 and 3
years. Finally, Vivar and León (2009) determine 5 groups in phoneme
learning that range from 3 years to 5 years and 11 months.

The groups delimited by the different models implicitly define
the learning sequence of phonemes,  and the data analysis by these
authors suggests discrepancies in data collection. More specifically,
Bosch (1983, 2004) considered the position of phonemes within syl-
lables in direct, inverse, or mixed position. In contrast, Camargo
(2006) studied the position of phonemes within words (initial, mid-
dle, or final). Vivar and León (2009) excluded these criteria in their
analysis.

Table 1 compares the phoneme learning sequences proposed by
the previously mentioned authors. Phonemes are allocated to differ-
ent groups when they are learned in any syllable or word position.
Thus, the clusters of the cited models are comparable because there
is a tendency to learn certain phonemes before others. However,
the phoneme learning sequences in the different studies are not
identical.

Our research on the Spanish alphabet
Our study analyses the relationships between single-letter
names, phonemes,  and their associated graphemes in the process
of learning the Spanish alphabet. In addition, we  investigate single-
letter knowledge as a precursor of reading performance. Based on the
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Table  1
Comparison of the learning of phonemes in Spanish according to the models of Bosch (1983, 2004), Camargo (2006), and Vivar and León (2009)

Bosch (1983, 2004) (3:0–7:11) Camargo (2006) (0:0–3:0) Vivar and León (2009)(3:0–5:11)

Group1 /m/, /n/, /�/, /p/, /b/, /k/, /g/, /t/, /f/, /x/ /p/, /b/, /m/, /t/, /k/, /g/, /s/ /p/, /m/, /t/
Group  2 /l/, /d/, /y/ /n/, /�/, /d/, /x/, /f/, /�/, /l/, /ks/ /b/, /n/, /�/
Group 3 /s/ /r/, /r¯/ /x/, /k/
Group  4 /r/, /r¯/ – /l/
Group  5 – – /d/, /r/
Group  6 – – /r¯/, /g/, /s/, /f/, /ks/

Table 2
Cohorts of the sample

Early childhood education at age 4 (4:0–5:4) Early childhood education at age 5 (5:0–6:4) 1st Grade(6:0–6:10)

Cohort 1 180 (t1) 180 (t2)
Cohort 2 182 (t1) 182 (t2)
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iterature and our understanding of the issue, we seek to answer the
ollowing questions:

. Is it possible to define a learning sequence of the Spanish alpha-
bet focused on graphemes?

. Is there a relationship between the grapheme learning sequence
and the phoneme learning sequence in Spanish?

. What predictive value does letter knowledge have for early read-
ing performance?

To answer these questions, our study examines the single-letter
nowledge (i.e., associated with a single grapheme)  of children

 and 5 years of age and its predictive value for decoding skills
n early reading achievement. First, it is necessary to specify the
rapheme learning sequence in Spanish based on letter knowledge.
ubsequently, the phoneme learning sequences proposed by Bosch
1983, 2004), Camargo (2006), and Vivar and León (2009) are com-
ared with the grapheme learning sequence determined in our study.
inally, the predictive value of letter knowledge is analysed as crite-
ion variable for decoding skills (i.e., a dependent variable).

Our research focuses on the process of learning graphemes,  the
elation of that knowledge to later reading performance, and on
larifying how the Spanish alphabet is learned. The distinctive char-
cter of this research compared to the studies of Evans et al. (2006),
uter et al. (2004), and Onochie-Quintanilla et al. (2017) lies in its

elimitation of the learning sequence of graphemes in Spanish and
ts comparison with phonological development.

ethod

articipants

The study involved 362 students enrolled in three schools in the
rovince of Cádiz. These schools were selected because they have
he same socio-economic indicator (SEI) and similar characteristics.
hat is, they are public schools of childhood and primary educa-
ion under the same regulations with experienced teaching staffs.
pecial educational needs were considered exclusion criteria for
articipation in the study. In addition, student selection required
he informed consent of the students’ parents. This study follows
he regulations for social sciences of the Research Ethical Commit-
ees at the universities of Cádiz and Seville.

The participants were grouped into cohorts. Each cohort was

ndividually evaluated at two different time points (t1 and t2). The
rst cohort consisted of 180 early childhood education students
ho were 4 years of age (mean age = 4.7; 45.6% female), and the

econd cohort consisted of 182 early childhood education students
who were 5 years of age (mean age = 5.7; 48.6% girls) (Table 2).
Regarding the assessment timeline, t1 corresponds to the second
trimester of the school year, when letter knowledge was measured,
and t2 corresponds to the beginning of the first trimester of the fol-
lowing school year (6 months after t1), when decoding skills were
measured.

Instruments

At the first time point (t1), letter knowledge subtests of two
instruments were administered.

1. Letter knowledge subtest of the Start Reading Battery (BIL 3–6)
(Sellés, Martínez, & Vidal-Abarca, 2010). The authors determined
a Cronbach’s alpha coefficient of .97 for this subtest, which tests
knowledge of the five lower-case vowels. In the current study,
Cronbach’s alpha (�) is .77, McDonald’s omega (�) is .83, and the
average variance extracted (AVE) is .50.

2. Letter recognition subtest of the Reading Processes Assessment
Battery (PROLEC-R) (Cuetos, Rodríguez, Ruano, & Arribas, 2007).
For this subtest, the authors found a Cronbach’s alpha of .49,
which was exceeded in our measurements (� = .76). This sub-
test measures knowledge of 20 lower-case letters. However, our
study considers the correctness of the consonants (maximum
score = 19). The value of � in our study is .92, while the AVE is
.41.

At the second time point (t2), the word-reading subtest (s1) and
pseudoword-reading subtest (s2) of PROLEC-R were administered.
The authors determined a Cronbach’s alpha of .74 for s1 and .68 for
s2. These subtests consist of reading 40 words and 40 pseudowords,
both lower case. Factor analysis of the total scores of these sub-
tests using the main components extraction method determined
the reading accuracy index (one component; s1 = .994 and s2 = .994).
The Cronbach’s alpha in our measurements for reading accuracy is
.93. The value of � is .99, while the AVE is .98.

Procedure

Assessments were performed by one researcher in a private
space under appropriate environmental conditions. Because all
participants were individually assessed in two different sessions
(session t1 and session t2), the assessments were performed over

several months. Session t1 measured the knowledge of 24 of the
30 letters of the Spanish alphabet, corresponding to single letters
associated with a single grapheme (except “h”, “k”, and “w”). We
chose to assess lower-case letter recognition because these letters
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Table  3
Classification of students according to grapheme learning sequence

At 4 age (4:0–5:4) At 5 age (5:0–6:4)

Frequency Percentage Frequency Percentage

Cluster 1 127 70.9% 18 10.1%
2  50 27.9% 161 89.9%
Atypical value (−1) 2 1.1% 0 .0%
Combined 179 100.0% 179 100.0%
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ppear more frequently in texts (Jones & Mewhort, 2004). BIL and
ROLEC-R batteries facilitate using a larger number of evaluated
tems with respect to single vowels and consonant letters of the
panish alphabet. The response was considered correct in letter
ecognition if the child identified the letter name or phoneme, or
he phoneme only in the syllable phonological structure. The last
riterion was considered because phoneme identification in sylla-
le structure is easier to discriminate and produce at these ages
y Spanish subjects (Defior & Serrano, 2014). Session t2 measured

ower-case word and pseudoword decoding skills by PROLEC-R. The
election of the same instrument reduces the effects of calligraphy
n the recognition of the perceptual characteristics of graphemes.

ata analysis

To answer the research questions, different types of analysis
ere developed using SPSS Amos version 23. Inferential data anal-

sis required non-parametric tests because not all assumptions
f normality were met. First, two-stage cluster analysis was  per-
ormed by dichotomising the data (1 = error, 2 = success). From this
nalysis, possible significant differences between age groups were
stablished by classifying the subjects based on the results obtained
or the recognition of each letter. Second, the letters that differenti-
ted the subjects according to age were delimited by discriminant
nalysis supported by the stepwise inclusion method.

To determine letter knowledge accuracy and the sequence in
hich the associated graphemes are learned, frequency analysis
as performed for the group of 4-year-olds, the group of 5-year-

lds, and for both groups together. Then, letters were grouped
ccording to frequency intervals (quintiles), which enabled the
equence of grapheme knowledge accuracy to be determined.
raphemes were considered to be known by the age groups when
ecognised by 50% of the member children (Justice et al., 2006). To
onfirm the grapheme learning sequence, derived from frequency
nalysis, a hierarchical cluster was created using Ward’s method
nd the squared Euclidean distance. Next, a comparison between
he grapheme learning sequence and the phoneme learning sequence
as performed based on the Bosch (1983, 2004), Camargo (2006),

nd Vivar and León (2009) models. Finally, we analysed the rela-
ionship between letter knowledge in early childhood and decoding
kills in early reading achievement using structural equation mod-
lling.

esults

lphabet learning focused on graphemes
Two-stage cluster analysis identified two different
equences in letter knowledge according to age group. Letter
nowledge—assessed with 24 single letters—correctly classified
0.4% of the sample under the criterion of error or success
according to age group (Table 3). Cluster 1 included the sequence
of the 4-year-old students (70.9%), and cluster 2 included that of
the 5-year-old students (90%).

Discriminant analysis enabled letter classification according to
the age group of the participants. Canonical discriminant functions
exhibited the following values: eigenvalue = 1.323, canonical corre-
lation coefficient = .755, Wilks’s lambda = .430 (p = .001). The value
of the discriminant function was 1147 for the 4-year olds and the
opposite for the 5-year olds (−1147). Figure 1 shows the structure
matrix values, which indicate the weight of each grapheme when
age acts as a discriminant function in letter knowledge.  According to
age group, the graphemes that best discriminate subjects are those
associated with ten letters:  “t”, “n”, “d”, “m”, “ñ”, “r”, “a”, “y”, “u”,
and “j”.

Subsequently, we  analysed the extent to which letter knowl-
edge reflects the grapheme learning sequence in the children of
an age group. Table 4 shows the frequency distribution of letter
knowledge with five groups in grapheme learning. Because the dif-
ferences between the highest frequencies of graphemes in different
quintiles were greater than the group interval (20%), the assign-
ment of graphemes to each group is justified. Children of different
age groups displayed at least consolidated learning of recognised
graphemes in the first two groups (≥50%).

The frequency distribution results were confirmed from the
results of the hierarchical cluster analysis. The dendogram shows
letter knowledge at 4 and 5 years of age, and the graphemes  are
classified into 4 main groups according to distance (Figure 2).

Table 5 shows that the distance analysis of letter pairs identi-
fies the learning sequence of graphemes in four groups. Grapheme
grouping by distance analysis maintains the sequence deter-
mined by the frequency analysis but exhibits better accuracy by
grouping the graphemes in four rather than five groups. Thus,
distance analysis definitively classified the graphemes into four
groups.

Letter knowledge and decoding skills

First-year primary education students (i.e., 5-year-old early
childhood education students at t1) had greater decoding skills than
the 4-year-old students (4-year-old early childhood education stu-
dents at t1). The average of words and pseudowords correctly read
by the 5-year-old students was 3 of 80 words, while the first-year
primary education students read 50 of 80 words. Decoding skills
increased significantly with age (Table 6).

Word and pseudoword decoding skills in 5-year-old early child-
hood education students and first-year primary education students
were determined by prior letter knowledge (6 months earlier).

Structural equation modelling was  used to determine the relation-
ship between letter knowledge at 4 and 5 years of age and decoding
skills in early reading achievement. A first model considered the
predictive value of all letters for reading accuracy at 5 and 6 years
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Figure 1. Structure matrix representation for letter knowledge, according to age.

Table 4
Learning sequences of graphemes according to frequency analysis of letter knowledge

Early childhood education at age 4
(4:0–5:4)

Early childhood education at ages 4–5
(4:0–6:4)

Early childhood education at age 5
(5:0–6:4)

Group 1(80–100%) “o” “o”, “i”, “s”, “e”, “u” “o”, “e”, “u”, “s”, “i”, “a”, “m”, “z”,
“p”, “t”

Group 2 (60–80%) “i”, “s”, “z”, “e”, “u”, “a”, “c”, “p” “z”, “a”, “p”, “c”, “x”, “m”  “c”, “x”, “n”, “d”, “ñ”, “r”, “v”, “y”
Group 3 (40–60%) “x”, “v”, “y”, “m”  “v”, “ñ”, “y”, “d”, “t”, “n”, “r”, “j” “j”, “f”
Group 4 (20–40%) “ñ”, “d”, “j”, “f”, “r” “f”, “g”, “l” “l”, “g”, “b”
Group 5 (0–20%) “n”, “t”, “b”, “g”, “l”, “q” “b”, “q” “q”
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Figure 2. Dendogram of letter knowledge at 4 and 5 years of age.

Table 5
Comparison between learning sequences of graphemes according to frequency and distance analysis in letter knowledge at 4–5 years of age

According to frequencies According to distances

Group 1 “o”, “i”, “s”, “e”, “u” “e”, “s”, “o”, “i”, “u”, “a”, “p”
Group 2 “z”, “a”, “p”, “c”, “x”, “m”  “c”, “z”, “m”, “v”, “x”

a
d
(

h
g
i
5
“

Group 3 “v”, “ñ”, “y”, “d”, “t”, “n”, “r”, “j” 

Group 4 “f”, “g”, “l” 

Group 5 “b”, “q” 

nd achieved unacceptable goodness of fit values: �2 = 826.291,
f = 275, p = .000, NFI = .797, TLI = .826, CFI = .853, and RMSEA = .075
Figure 3).

Figure 4 shows a second model that considered letters with the
ighest predictive value for decoding. These letters have associated

raphemes that are learned in intermediate groups in the learn-
ng sequence, delimited according to frequency analysis at 4 and

 years. Letters with the highest predictive value (except “f” and
m”) were recognised by 40–60% of the participants (Table 4). In
“f”, “j”, “n”, “r”, “t”, “ñ”, “d”, “y”
“q”, “l”, “g”, “b”
–

this case, good model fit was achieved: �2 = 36.223, df = 26, p = .088,
NFI = .979, TLI = .992, CFI = .994, and RMSEA = .033.

Discussion
Learning sequence of graphemes

Our research studies the learning sequence of the Spanish
alphabet focused on graphemes.  Single-letter knowledge differ-
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Table  6
Average results for decoding skills

Mean (SD) Rank

Early childhood education at age 5
(5:0–6:4)

Early childhood education at age 5 and 1st Grade
(5:0–6:10)

1st Grade
(6:0–6:10)

Words reading 1.69 (6.62) 13.97 (16.13) 26.33 (13.15) 0–40
Pseudowords reading 1.30 (5.45) 12.53 (14.70) 28.81 (12.23) 0–40
Total  2.99 (11.85) 26.50 (30.64) 50.14 (25.04) 0–80
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Figure 3. Letter knowledge pr

nces, according to age, suggest different levels of development
n learning graphemes.  At 4 years, the children exhibited con-
olidated learning of at least all vowels and five consonants
“s”, “z”, “c”, “p”, and “x”). One year later, the 5-year-old chil-
ren consolidated eight more consonants (“t”, “m”, “n”, “d”, “ñ”,

r”, “v”, and “y”). Letter knowledge delimited grapheme learning
n four groups (Table 5). Vowels were among the first-learned
raphemes,  while the graphemes “q”, “l”, “g”, and “b” were later-
earned graphemes.  The graphemes “g” and “q” correspond to letters
ve model for decoding skills I.

less recognised by their name and sound at 5 years of age in
Evans et al. (2006).

The grapheme learning sequence in our research differs from
that of studies that consider the order of letters in the alphabetic
chain and phonological development to be relevant. The diver-

gences found in the grapheme learning sequence may be caused
by the different levels of orthographic transparency among the
studied languages (Defior & Serrano, 2014; Ziegler et al., 2010).
The studies of Jones et al. (2013), Justice et al. (2006), and
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Figure 4. Letter knowledge pr

reiman et al. (2006) consider the order of letters in the alphabetic
hain in English to be relevant. However, our results with Spanish
ubjects are the opposite. The exposure of English-speaking stu-
ents to the teaching of the alphabet could be greater than that
f Spanish students. Alternatively, the exposure to the teaching of
he alphabet might not affect the learning sequence of graphemes
o the same extent as in English. This last explanation is consistent
ith the conclusions of Treiman et al. (2006), who noted differences

n alphabet knowledge between English and Portuguese children
nd concluded that American subjects made fewer errors than Por-
uguese subjects in recognising the first letters of the alphabet.
ur study on the Spanish language contradicts research findings
y Justice et al. (2006), where grapheme learning is found to be
elated to phonological development in English. While Justice et al.
tate that English-speaking children first learn those graphemes
hose corresponding phonemes are acquired earlier in the phono-

ogical repertoire, our study argues that Spanish-speaking children
o not learn graphemes in correspondence to their phonemic
evelopment.

earning sequence of graphemes versus learning sequence of
honemes

This study examined the learning sequence of graphemes in

panish speakers between 4 and 6 years of age and established
ts independent character with respect to phonological develop-

ent. Table 7 compares the learning sequences of graphemes and
honemes according to our results with the models of Bosch (1983,

able 7
omparison between learning sequence development of graphemes and phonemes accord
nd  León (2009)

Sequence development of graphemes
(4:0–6:4)

Bosch (1983, 2004)
(3:0–7:11)

Group 1 “s”, “p” /m/, /n/, /�/, /p/, /b/, /k/, /g/, /t
/f/, /x/

Group 2 “c”, “z”, “m”, “v”, “x” /l/, /d/, /y/ 

Group 3 “f”, “j”, “n”, “r”, “t”, “ñ”, “d”, “y” /s/ 

Group 4 “q”, “l”, “g”, “b” /r/, /r¯/ 

Group 5 – – 

Group 6 – – 
e model for decoding skills II.

2004), Camargo (2006), and Vivar and León (2009). For example, the
grapheme “s” is learned first. However, according to Bosch (1983,
2004) and Vivar and León (2009), the phoneme /s/ is acquired later
by the child. In addition, the grapheme “b” is the last to be learned,
although the phoneme /b/ is assimilated early (Bosch, 1983, 2004;
Vivar & León, 2009).

The learning sequence of graphemes differs from the learn-
ing sequence of phonemes in the models of Bosch (1983, 2004),
Camargo (2006), and Vivar and León (2009). The age of the par-
ticipants enables us to compare our grapheme learning sequence
with the phonological repertoire of children between 3 and
6 years of age (Vivar & León, 2009) and to state that the
grapheme learning sequence in Spanish is not based on phonological
development.

Letter knowledge and decoding skills

Letter knowledge in early childhood influences later reading per-
formance, as verified in our predictive model (Figure 3). Our study
confirms that letter-name and letter-phoneme knowledge is a good
precursor of reading performance in early reading achievement,
which is also confirmed by Evans et al. (2006) and Muter et al.
(2004). The results of our analysis of the Spanish language enable us
to establish a causal relationship between letter knowledge in early

childhood and the development of decoding skills in early reading
achievement. Knowledge of the graphemes “t”, “f”, “n”, “r”, “j”, “ñ”,
“d”, and “m”  at 4 and 5 years explains 83% of the variance of decod-
ing skills 6 months later. The results of our study reveal that these

ing to our results and the models of Bosch (1983, 2004), Camargo (2006), and Vivar

Sequence development of phonemes

Camargo (2006)
(0:0–3:0)

Vivar and León (2009)
(3:0–5:11)

/, /p/, /b/, /m/, /t/, /k/, /g/, /s/ /p/, /m/, /t/

/n/, /�/, /d/, /x/, /f/, /�/, /l/, /ks/ /b/, /n/, /�/
/r/, /r¯/ /x/, /k/
– /l/
– /d/, /r/
– /rr/, /g/, /s/, /f/, /ks/
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raphemes have the highest predictive value and (except “f” and
m”) are learned by 40–60% of the subjects. This result is consis-
ent with the criterion (50%) established by Justice et al. (2006) to
elimit the grapheme learning sequence. The correlation between
rrors in the knowledge of the letters “f” and “j” suggest they are
elated by an underlying factor. One possible explanation is that
hese letters are more difficult to discriminate orthographically.
uang and Invernizzi (2012) showed that the letters “b”, “d”, “p”,
nd “q” are 8% more likely to be incorrectly named than less visually
onfusing letters.

The predictive value of decoding skills for reading achieve-
ent lies not only in letter knowledge but also in learning a given

equence of graphemes.  The studies of Evans et al. (2006) and
uter et al. (2004) consider the predictive value of the 26 letters

f the English alphabet for later decoding skills. Knowledge of all
etters explained 51% and 63% of the variance of decoding skills.
n addition, the study of Onochie-Quintanilla et al. (2017) does
ot consider the predictive value of the 27 single letters and two
iletters of the Spanish alphabet for the variance of later decoding
kills. However, our study considers the predictive value of sev-
ral letters and can explain a greater amount of variance (83%).
etter knowledge is a better precursor when letters are considered
ccording to the learning sequence of graphemes,  that is, by consider-
ng graphemes that have been learned in approximately half of the
ases.

Our study confirms that decoding skills improve when subjects
cquire the alphabetic principle (Huang et al., 2014) Similarly,
hese findings reaffirm that the lack of letter knowledge, which

ust be acquired in correspondence with the developmental
tage of the subject, is a risk factor for reading achievement
Hammill, 2004; Storch & Whitehurst, 2002). According to this
tudy, Spanish-speaking children consolidate graphemes follow-
ng a learning sequence independent of phonological development.
n addition, letter knowledge in early childhood, in correspon-
ence with the grapheme learning sequence, is a good precursor
f later reading performance. Therefore, educational strategies in
he teaching of the Spanish alphabet optimise early reading per-
ormance when they incorporate letter names, phonemes,  and the
earning sequence of graphemes in learning. As a result, this study

ay  represent the beginning of a new line of research in the
earning of the Spanish alphabet focused on graphemes because
f the importance of the grapheme learning sequence for reading
ttainment.

imitations and lines of future research

One limitation of our study is that the perceptual characteristics
f graphemes and their relation with the cognitive capacity of the
tudied subjects were not expressly considered, which should be
he object of future research.

Another limitation of this research is the lack of assessment
f the single letters “h”, “k”, and “w”. In addition, assessing letter
nowledge should be performed in smaller age intervals than those
onsidered here to more precisely delimit the learning sequence of
raphemes in Spanish.

Finally, to perform a comparative study under the same age
riterion, our research requires an analysis of the grapheme reper-

oire at earlier and later ages. This analysis would facilitate a more
omprehensive comparison of our results with the models devel-
ped by Bosch (1983, 2004) and Camargo (2006). In addition, future
esearch should investigate the methodological approach and
idáctica, 2018, 23 (2) , 128–136 135

contextual factors that influence grapheme learning in Spanish and
the predictive value of letter knowledge as a precursor of reading
performance over time through longitudinal tracking.
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