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Predictors of Letter Knowledge in Children Growing in Poverty

Predictores del Conocimiento de las Letras en Nifios que Crecen
en Contextos de Pobreza

Beatriz Diuk™2*& Marina Ferroni®
aUniversidad Nacional de San Martin, San Martin, Argentina

& "Consgjo Nacional de Investigaciones Cientificas y Técnicas de Argentina, Buenos Aires, Argentina

Abstract

This study examined the influence of phonological processing abilities on letter knowledge and letter
learning in 1% grade children growing in poverty. At the beginning of the school year, 59 first graderswere
evaluated with tests measuring phonological awareness, phonological memory and rapid naming. Letter
knowledge was assessed at the beginning and at the end of the year. All phonological processing abilities
predicted letter knowledge at time 1, with phonological awareness producing the largest effect. However,
only phonological memory predicted additional letter learning during the school year, once initial letter
knowledge was taken into account.

Keywords: Letter Knowledge; Low-income Children; Phonological Processing Abilities.

Resumen

El presente trabajo busca explorar la incidencia de las habilidades de procesamiento fonolégico en el
conocimiento y aprendizaje de letras en nifios hispanohablantes de primer afio de nivel socioeconémico
(NSE) bajo. Al comenzar €l afio se evalud el conocimiento de letras, la concienciafonol égica, lamemoria
fonolégica 'y la denominacion veloz. A fin de afio se evalud el conocimiento de letras. El andlisis de la
relacion entre las medidas administradas serealiz en €l grupo total y en un subgrupo con poco conocimiento
alfabético. Los resultados sugieren que la conciencia fonol 6gica tendria un papel fundamental en €l inicio
del aprendizaje, en tanto €l aprendizaje adicional en €l marco dela ensefianza escolar estariaasociado alas
diferencias individuales en memoria fonol dgica.

Palabras clave: Conocimiento de L etras; Nifios de NSE Bajo; Habilidades de Procesamiento Fonol 6gico.

L etter knowledgeisone of the best predictors of reading
and spelling acquisition (Bravo-Valdivieso, Villalon, &
Orellana, 2006; Lervag, Bratén, & Hulme, 2009; Muter,
Hulme, Snowling, & Stevenson, 2004). Some authors
contend that, in the early years of schooling, letter know-
ledge is an even better predictor of literacy acquisition
than phonological awareness (Muter, Hulme, Snowling,
& Taylor, 1998; Scarborough, 1998). Additionally, there
is evidence that children who experience reading diffi-
culties have less alphabetic knowledge than children
without difficulties (Gang & Siegel, 2002; Pennington &
Lefly, 2001; Snowling, Gallagher, & Frith, 2003).

Theimportance of |etter knowledge might berelated to
the fact that letters help establish associations between
oral words and their orthographic forms (Alves Martins
& Silva, 2001; Bowman & Treiman, 2002; Cardoso-
Martins & Batista, 2005; Corréa, Cardoso-Martins, &
Rodrigues, 2010; Pollo, Treiman, & Kessler, 2008). Given
therelevance of letter knowledge for reading and spelling
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acquisition, it seems surprising that it has gonerelatively
unattended in reading psychology and little is known
about the cognitive abilities related to its development.
According to de Jong and Olson (2004), the limited
interest in letter acquisition derives from the fact that
individual differences in this knowledge have been
attributed to experiential factors such as school and home
environments (Burgess, Hecht, & Lonigan, 2002; Levy,
Gong, Hessels, Evans, & Jared, 2006).

However, these factors cannot account for all the
variation found among children. It seems likely that
environmental variables interact with individual diffe-
rences in cognitive abilities related to letter acquisition.
Given that letter recognition demands processing mecha-
nisms similar to those involved in reading (Neuhaus,
2002), it is possible that the phonological processing
abilities associated with reading — phonological aware-
ness, phonological memory and rapid naming, may also
predict letter knowledge (Lonigan et al., 2009).
Phonological awarenessrefersto the ability to recognize
and manipul ate the sound structure of oral language. This
skill may help childreninfer letter-sound correspondences,
sincethe ability to identify theinitial sound in words might
promote the establishment of an association between the
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oral word’s initial sound and the written word’s initial
letter (Lonigan, Burgess, & Anthony, 2000).

Phonological memory refers to the temporary storage
of information in asound-based system of representation.
Given therelation between phonol ogical memory and new
word learning in paired-associate tasks (Gathercole &
Baddeley, 1993) and the fact that letter names can be
considered unknown words, it seems reasonableto predict
that there might be an association between phonological
memory and letter learning.

It is much less clear which abilities underlie perfor-
mance in rapid naming tasks. Some researchers consider
that these tasks tap the ease of recovering phonological
codes from long-term memory (Torgesen, Wagner,
Rashote, Burgess, & Hetch, 1997), while others regard
rapid naming as an independent source of variation not
related to phonological processing (Wolf & Bowers,
1999). It has been suggested that this task reflects the
ability tolearn arbitrary associations (Manis, Seidenberg,
& Doi, 1999). Since the relation between letter names
and their graphic formsis arbitrary, rapid naming might
predict letter knowledge.

Some studies have provided empirical evidence for an
association between phonological processing and alpha-
betic knowledge. One of the abilities that has been
systematically identified asapredictor of |etter knowledge
isphonological awareness. Carroll, Snowling, Hulme and
Stevenson (2003) reported high correlation coefficients
between letter knowledge and alatent variable composed
of sensitivity to rimes and syllables. Lindsey, Manis and
Bailey (2003) found statistically significant correlations
between measures of phonological awareness and letter
knowledge in the three waves of their longitudinal study
from kindergarten to end of 1% grade. Capovilla and
Capovilla(2000) have shown that training in phonol ogical
awareness and letter-sound associations improved letter
knowledge in low-income 1st grade children. Lonigan et
al. (2000) found abidirectional relationship between pho-
nological sensitivity and letter knowledge, arelationship
that has also been reported by other authors (Foy & Mann,
2006).

Torppa, Poikkeus, Laakso, Eklund and Lyytinen (2006)
found that the best predictors of individual differencesin
letter acquisition were phonological processing abilities.
De Jong and Olson (2004) evaluated which abilities
predicted | etter learning in preschool Dutch children. They
tested children’s phonological memory, vocabulary and
rapid naming of objects. They found an effect of pho-
nological memory that was particularly related to the
ability to repeat nonwords. Rapid naming had a small
effect but vocabulary had no effect on letter learning. In
a study involving 5-year-old Canadian children, Evans,
Bell, Shaw, Moretti and Page (2006) found that ameasure
of cognitive ability, which included receptive vocabulary,
non verbal reasoning, rapid naming of objects and pho-
nological memory had significant correlations with
alphabetic knowledge.

Now, the research reviewed up to this point has mainly
included children from middle-income families. In the
present study, letter knowledge predictors are analyzed
in children growing in poverty. For some of these children
|etter learning seemsto represent aconsiderable challenge.
Molfese et a. (2006) evaluated knowledge of lettersin
low-income 4-year-old children and found that, at the
beginning of the school year, they recognized an average
of 6 letters. But 53% of the children with lower initia
knowledge failed to learn more than one additional letter
along the whole year. Diuk and Moras (2009) compared
low-income 8-to-12 year old children who experienced
difficultiesin reading acquisition to reading level younger
controls from the same socioeconomic background.
Statistically significant differences were only found in
letter knowledge.

Consequently, the aim of this study isto evaluate | etter
knowledge in low-income children entering 1st grade,
together with cognitive abilities which might be con-
current predictors of alphabetic knowledge: phonologi-
cal awareness, phonological memory and rapid naming.
Additionally, given the evidence showing that low-income
children tend to enter school with low al phabetic know-
ledge, it seems likely that they will continue developing
thisknowledge throughout the school year. Consequently,
letter knowledge was tested again at the end of the year
so asto determinetheinfluence of cognitive abilitiestested
at the beginning of the year on the letter learning that
takes place during the 1% year of schooling.

M ethod

Participants

Participants were 59 children (30 boys and 29 girls)
who entered 1st grade in a parochial school that served
low-socioeconomic status families from Buenos Aires.
Threeother children from the same groupswere excluded:
one of them had serious behavioral problems, one girl
suffered a prolonged illness which coincided with the
initial evaluationsand athird boy presented ahigh degree
of malnutrition which affected his performance.

Socioeconomic status was established based on the self-
reported occupation of the child’s adult guardian: 8% of
the adults were unemployed while the rest held jobs
corresponding to the lower levels (1 and 2) of a 7-pont
occupational status scale by Saut( (1992). The assessment
of the children was part of aproject that included ateacher
development strategy coordinated by the first author of
this paper. The school informed parents of the project
and requested children’s participation. Parents signed
informed consents.

Measures

Phonological Sensitivity Tests. (a) Syllable-matching
task: the task was adapted from Signorini and Borzone
de Manrique (1996). A stimulus picture was displayed
and named. The children were asked to identify which of
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two words (also illustrated) began with the same sound
asthe stimulus. If the child pointed to one of the drawings,
he or she was asked to name the word. Feedback was
only provided during practice trials. The task consisted
of three practice trials and ten test trials. One point was
given for each correct answer. Internal consistency
reliability was calculated using Cronbach’s alpha: .72.
(b) Initial sound matching task: the task has the same
structure as the syllable-matching task but target words
only sharetheinitial phoneme. Cronbach’s alphafor this
sample was .58. (c) Letter knowledge: children were
presented with 25 upper case letters and asked to name
them. Each letter appeared individually in the center of a
white page, Arial font, size 150. Either the letter’s name
or sound were considered correct answers. One point was
given for each correct answer. Cronbach’s alphawas .93
when the children entered school and .96 at the end of
the year. (d) Rapid naming: two rapid-naming tasks were
administered, designed after Dencklaand Rudel s (1976)
RAN test: avowel namingtask (A, E, I, O, U) and adigit
naming task (1 to 5). In both cases, each item was
presented 10 times. (€) Pseudoword repetition: based on
syllable frequency established by Alameda and Cuetos
(1995), a list of 40 pseudowords was developed.
Pseudowordsvaried in length and syllablefrequency. The
list was presented to 15 adults who were native speakers
of Spanish and who were asked to grade pseudoword’s
similarity to Spanish real wordsin a4-point scale. Based
on this evaluation, 12 pseudowords were selected, which
had been considered not similar to Spanish words by 80%

of the subjects. These pseudowordswere orally presented
for repetition to the children by the first author of this
paper. Children”s performance was both manually regis-
tered and recorded in audio. The second author of this
paper graded the children”srepetitions based on the audio
tape. In case of disagreement, recordingswerere-analyzed
until consensus was obtained. Cronbach’s aphafor this
test was .62.

Procedure

Initial evaluation took place in a quiet room in the
children’s school in the second month of classes.

Each child participated in two sessions in which tests
were administered in fixed order. The two phonological
sensitivity tasks were presented in different sessions.
Towards the end of the year, letter knowledge was re-
assessed. Administration of all tasks was conducted by
the first author of this paper together with two school
logo therapists and the school’ s speech therapist, who had
been trained for administration of the tests.

Results

Due to lack of knowledge of the vowels, 32% of the
children could not complete the rapid naming of vowels
task. Consequently, the test was excluded from the
analyses and rapid naming skillswere only assessed with
the digit naming task. Table 1 presents the descriptive
statisticsfor each of thetests administered at the beginning
of the year.

Table 1

Descriptive Satistics for the whole Sample at the Beginning of the Year

Task Mean Standard deviation Range
Syllable recognition (Max.= 10) 8.14 1.79 4-10
Initial sound recognition (Max= 10) 7.56 1.87 4-10
L etter knowledge (Max= 25) 16.63 6.27 3-25
RAN digits | etters/secs) 74 .29 0-1.47
Nonword repetition (Max= 12) 5.53 2.35 0-10

In order to obtain a unified measure of phonological
awareness, an exploratory factor analysis of main
components was conducted on the tests of initial sound
and syllable matching. The measure obtained is the one
used in the following analyses.

The relation between letter knowledge and the rest of
the measures assessed at the beginning of the year was
examined by means of the correlations analysis presented
in Table 2. All correlations between predictor measures
and letter knowledge were positive and statistically
significant. These results provide empirical evidence to
the association between phonol ogical processing abilities
and initial alphabetic knowledge.

Table 2
Correlations among Tasks at the Beginning of the
School Year

1. Letter knowledge -

2. Phonological sensitivity .627*** -

3. RAN digits B18***  AG2*** -
4. Nonword repetition AB1x**  261*  .408***

*p < .05, ** p<.01; *** p<.001
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To further investigate the association found, a series of
regression analyses were performed in order to examine
the specific contribution of the different predictor mea-
sures on letter knowledge. Phonological awareness,
phonological memory and rapid naming of digits were
introduced as predictor variables. Results are shown in
Table 3.

Table 3

Percentages of Variance in Letter Knowledge at the
Beginning of the Year Accounted for by Predictor
Measures

Predictor

Nonword repetition 4.1*
RAN digits 11.9**
Phonological sensitivity 17.5%**
Total R? 54.4

* p<.05;** p< .01 *** p< .00L.

Table 4

Taken together, the variables included in the analyses
accounted for 54.4% of the variance in letter knowledge.
All the predictor measures made independent contri-
butionsto letter knowledge, with phonological sensitivity
asthe main predictor, followed by rapid naming of digits
and with phonological memory making a smaller con-
tribution.

The second aim of this study was to identify predictor
variables of additional letter learning during thefirst gra-
de. Children who had performed at ceiling level at the
beginning of the year were excluded from this analysis,
leaving a sample of 40 children who had recognized less
than 21 letters. Table 4 shows descriptive statistics for
this subgroup.

Average letter recognition in this subgroup was 13.38
at the beginning of the year and 20.80 at the end. A
repeated measures ANOVA revealed statistically signi-
ficant differences between these scores (F (1, 39) =
159.925, p = .000), indicating that letter learning had
occurred along the year.

Descriptive Satistics for the Low-skill Group at Beginning and End of Year

Task Mean Standard deviation Range
Syllable recognition (Max.= 10) 7.65 1.86 4-10
Initial sound recognition (Max= 10) 6.95 1.79 4-10
Letter knowledge T1 (Max= 25) 13.38 491 321
Letter knowledge T2 (Max= 25) 20.80 3.37 11-25
RAN digits (letters/secs) .65 24 0-1.16
Nonword repetition (Max= 12) 4.00 2.04 0-9

It has been suggested that variation in unselected sam-
plesand variation in alow-performing subgroup may have
different predictors (Pennington & Lefly, 2001). Conse-
guently, in the first place, correlations between letter
knowledge at the beginning of the year and the predictor
variables assessed were recalculated. Positive and signi-
ficant correlations were found between letter recognition
and rapid naming of digits (r = .558, p = .000) and
phonologica sensitivity (r =.472, p=.002) but not between
letter knowledge and pseudoword repetition (r = .296, p
= .063). The pattern of associations among variables was
thus somewhat different from the one obtained for the
whole sample, where a correlation between letter recog-
nition and phonological memory had been found.

Correlations were then calculated between predictor
variables measured at the beginning of the year and letter
knowledge at the end of the year. Positive significant
correlations were found between letter knowledge at the
two testing times (r = .655, p = .000) and between letter
knowledge at the end of the year and rapid naming of
digits (r = .516, p = .001) and pseudoword repetition (r =
.486, p = .001) but not with phonological awareness (r =
214, p = .184).

All time 1 predictor variables were introduced in two
stepwise regression analyseswith letter knowledge at the
beginning and at the end of the year as the dependent
variable in each one. As can be seen in Table 5, in this
subgroup of children, as opposed to the whole sample,
nonword repetition did not have an independent effect
on letter knowledge in time 1. In time 2, however, both
nonword repetition and rapid naming contributed to | etter
knowledge at the end of the year.

Table 5

Percentages of Variance in Low-performing Group’s Letter
Knowledge at the Beginning and at the End of the Year
Accounted for by Initial Predictor Measures

Dependent variables

Predictor
L etter knowledge L etter knowledge
Beginning of year End of year
Nonword repetition 2.30 13.90*
RAN digits 16.30** 14.50*
Phonological sensitivity — 12.10* 0.84
Total R2 39.40 34.80

* p<.05; ** p<.0L; *** p < .00L.
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Previous analyses did not include letter knowledge at
the beginning of the year as an autoregressor. When this
independent variable wasincluded, it showed asignificant
effect on letter knowledge at the end of theyear (see Table
6). Only phonologica memory still contributed to letter
knowledge once the autoregressor was included.

Table 6

Percentages of Variance in Letter Knowledge at the End
of the Year Accounted for by Phonological Processing
Predictor Measures and by Initial Letter Knowledge

Predictor
L etter knowledge beginning of year 26.5**
Nonword repetition 8.12*
RAN digits 2.90
Phonological sensitivity 0.75
Re total 49.20

*p<.05; ** p<.0L

Discussion

This paper aimed at exploring which cognitive/linguistic
skillspredicted | etter knowledgein agroup of low-income
1% grade children. In thefirst place, concurrent predictors
of initial letter knowledge were analyzed. In coincidence
with previous studies, (de Jong & Olson, 2004; Evans et
al., 2006; Torppa et al., 2006), it was found that
phonological sensitivity, verbal memory and rapid naming
had an effect on this knowledge.

Given the difficulties that many low-income children
experience in acquiring a phabetic knowledge, a particu-
lar interest was taken in those children who exhibited low
performance at school entry. A subset of 40 children with
initial low letter knowledge was selected and concurrent
and longitudinal predictors of this knowledge were
analyzed.

At the beginning of the year, phonological sensitivity
and rapid naming showed an effect on concurrent letter
knowledge. Therelation between phonological sensitivity
and alphabetic knowledge has been amply documented
(Burgess & Lonigan, 1998; Capovilla& Capovilla, 2000;
Lindsey et al., 2003; Lonigan et al., 2009; Lonigan, et al.,
2000; Signorini & Borzone de Manrique, 1996; Torppa
et al., 2006). Lonigan et al. (2000) suggest that pho-
nological awareness’ contribution to letter learning arises
from the fact that children’s ability to identify phonemic
boundariesin oral words might ease the establishment of
an association between theword'sfirst sound and thefirst
letters they see in print. Thus, children with higher sen-
sitivity to the sound structure of words may benefit more
from early informal exposure to print.

On the other hand, in coincidence with results obtained
by de Jong and Olson (2004) with Dutch children and by
Anthony et al. (2006) with Spanish-speaking children,

rapid naming of digits made an independent contribution
to letter knowledge both at the beginning and at the end
of the year, although this effect disappeared once letter
knowledge at the beginning of the year was included in
the regression on end-of-year performance.

As pointed in the introduction, there is no consensus
among researchers as to which processes underlie the
rapid naming task. In the present study, RAN"s effect on
initial letter knowledge remained significant even when
entered after phonological memory and phonological
sensitivity, suggesting that rapid naming’s contribution
went beyond thetask”s phonol ogical component. Theidea
has been advanced that the rapid naming task taps the
child s ability to rapidly integrate the different processes
implicated in identifying and naming a digit or letter and
that it isthisintegration feature which underpinsthe asso-
ciation between rapid naming and | etter knowledge, given
that letter learning requires the integration of verbal, vi-
sual and attentional systems (Neuhaus & Swank, 2002).

Other authors, however, have pointed that | etter learning
does not share the temporal demand of RAN tasks (de
Jong & Olson, 2004) and suggest, following Manis et al.
(1999) that the rapid naming task reflects the ability to
establish arbitrary associations. Similarly, Cardoso-
Martins and Pennington (2004) consider aphanumeric
RAN tasks asindicators of the ability to form associations
between letters in writing and sounds in pronunciation.

One of the most interesting results in this study refers
tothefact that in thelow-performing group, different skills
predicted letter knowledge at the beginning and at the
end of the year. Phonological memory had a minor role
as a concurrent predictor in initial knowledge but it was
the only task that made an independent contribution to
end of year letter knowledge even when previous letter
knowledge was included in the regression.

Different studies have found phonol ogical memory and
letter knowledge to be related (de Jong & Olson, 2004,
Evans et al., 2006; Torppa et al., 2006). De Jong and
Olson (2004) interpret the role of phonological memory
within a two-step process of |etter learning. In the first
step, a temporary phonological representation of the
letter’s name or sound is set up in phonol ogical memory.
In the second step, this temporary phonological repre-
sentation is established in long — term memory linked to
the letter”s graphic form.

Consequently, it seems likely that the different roles of
phonological sensitivity and phonol ogical memory at the
beginning and at the end of the year are reflecting the
different learning environments in which children parti-
cipated. Indeed, before school entry the children had not
been taught letter names or sounds systematically asthey
were once they entered 1% grade. The relation between
initial letter knowledge and phonological sensitivity might
bereflecting the fact that the children with more devel oped
phonological sensitivity were better able to infer letter-
name or | etter-sound associations from the informal acti-
vities that took place in kindergarten.
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On the other hand, during the 1% school year, letters
were systematically taught in the classrooms: initial
sounds of words were identified, corresponding letters
wereintroduced and their names and soundswere drilled.
It seems reasonabl e to assume that within these situations,
individual differences in letter learning were related to
phonological memory.

Taken together, the results from this study suggest that
the abilities that predict |etter knowledge in low-income
children are the same as those reported in research
including children from other socioeconomic back-
grounds, even if asomewhat different pattern of associa-
tions was found at different testing times. Phonological
sensitivity has afundamental role at the beginning of the
letter-learning process while additional learning in the
context of systematic teaching at school isrelated to in-
dividual differences in phonological memory.
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