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Mind the orthography: revisiting the contribution of pre-reading 

phonological awareness to reading acquisition 

 

Abstract 

Reading acquisition is based on a set of preliteracy skills that lay the foundation for future 

reading abilities. Phonological awareness —the ability to identify and manipulate the sound units of 

oral language— has been reported to play a central role in reading acquisition. However, current 

evidence is mixed with respect to its universal contribution to reading acquisition across 

orthographies. This longitudinal study examines the development and contribution of phonological 

awareness to early reading skills in Spanish, a transparent orthography. The results of a 

comprehensive battery of phonological awareness skills in a large sample of children (time 1 n = 616, 

296 females, mean age 5.6, from middle to high socioeconomic backgrounds; time 2 n = 397) with 

no reading experience at study onset suggest that the development of phonological awareness is 

delayed in Spanish. Furthermore, our results show that phonological awareness does not contribute 

to the prediction of reading acquisition above and beyond other preliteracy skills. Letter knowledge 

indexes children’s ability to identify phonemes and thus takes a more central role in the prediction 

of early reading skills. Therefore, we underscore the need to thoughtfully address the distinctive 

features of the reading acquisition process across orthographies, which should be taken into account 

in models of reading and learning to read. 
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Reading is a fundamental ability in modern societies, yet many children and adults struggle 

with reading. This has far-reaching negative consequences for personal development and 

professional achievement (Arnold et al., 2005). Thanks to decades of research, we now have a fairly 

comprehensive picture of the preliteracy skills required for successful reading. There is broad 

consensus regarding three critical skills: knowledge of letter sounds (letter knowledge; LK); rapid and 

efficient access to lexical representations (rapid automatized naming; RAN); and an ability to 

consciously manipulate the constituent units of oral language, generally referred to as phonological 

awareness (Boets, Wouters, van Wieringen, & Ghesquière, 2007; Lyytinen et al., 2006; Muter, 

Hulme, Snowling, & Stevenson, 2004; Schatschneider, Fletcher, Francis, Carlson, & Foorman, 2004). 

Phonological awareness (PA) is a central construct in most, if not all, models of reading acquisition 

(for a meta-analysis see Melby-Lervåg, Lyster, & Hulme, 2012). It is generally defined as a 

metalinguistic or metacognitive ability to identify and manipulate the sounds of a language. The 

term sounds in this context may refer to individual phonemes, syllables, or words. However, most 

research suggests phonological awareness at the phonemic level (phonemic awareness) is the most 

important component in reading acquisition (Castles & Coltheart, 2004). Typical PA tasks involve 

segmenting a word into its constituting syllables or phonemes, blending syllables or phonemes into a 

word, or replacing a syllable or phoneme within a given word or pseudoword. The important role of 

PA in reading is further confirmed by studies reporting that dyslexic children show a PA deficit 

(Melby-Lervåg et al., 2012; Vellutino, Fletcher, Snowling, & Scanlon, 2004), and that training in PA 

can improve reading skills (Bowyer-Crane et al., 2008). A fourth skill that taps into phonological 

processes—and also predicts early reading acquisition—but has received far less attention than PA, 

is verbal short-term memory. Verbal short-term memory (vSTM) has received a mixed treatment in 

the literature, sometimes treated as a foundational skill of interest (Moll et al., 2014; Ramus & 

Szenkovits, 2008; Torgesen, Wagner, & Rashotte, 1994) and sometimes as a covariate (Caravolas et 

al., 2012; Furnes & Samuelsson, 2010; Puolakanaho et al., 2007; Vaessen et al., 2010). Interestingly 

though, the core phonological deficits described in children with dyslexia often involve vSTM, 
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alongside PA and RAN (Torgesen et al., 1994).  While all of the preliteracy skills mentioned above 

have been shown to play a role in predicting reading acquisition, PA is the most studied, both 

because of its central role, and because of its potential as a target for intervention. However, at least 

three aspects of the PA-reading relation remain unclear.  

Current issues on the PA-reading relation 

Universality 

 Most evidence comes from studies on English, whose orthography is atypical, in comparison 

with the orthographies of most other languages (Share, 2008). Orthographies can be characterized 

by the consistency of the mapping between graphemes and phonemes. In highly transparent 

orthographies, such as Spanish, Finnish, or Italian, the mapping between graphemes and phonemes 

is almost univocal, while in less transparent orthographies, such as English, this mapping depends 

heavily on the orthographic context in which the grapheme is embedded (Schmalz, Marinus, 

Coltheart, & Castles, 2015). Orthographic consistency, in turn, modulates the developmental 

trajectories of reading acquisition: high decoding levels are achieved faster in more transparent 

orthographies (Seymour, Aro, & Erskine, 2003). Moreover, several studies have shown that PA 

together with RAN and LK skills account for larger amounts of variance in English than they do in 

other languages with more transparent orthographies (Caravolas et al., 2012; Moll et al., 2014). 

Therefore, it is still debated whether the central role attributed to PA in reading acquisition in 

English can be generalized to more transparent orthographies (Castles & Coltheart, 2004; Share, 

2008; Verhoeven & Keuning, 2017). Questioning the central role of PA does not necessarily mean 

that PA has no role to play in predicting reading acquisition in languages with more transparent 

orthographies, but rather that its role might be less central with respect to other preliteracy skills 

(Duncan et al., 2013; Landerl et al., 2019; Verhoeven & Keuning, 2017). While each preliteracy skill 

adds unique variance that helps explain early reading skills, these skills are also correlated. For 

example, a child with strong PA skills may use this knowledge as a scaffold to learn letter names and 
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vice versa: learning letter names can aid in the development of PA (Kim, Petscher, Foorman, & Zhou, 

2010; Piasta & Wagner, 2010; Treiman & Kessler, 2004).  

Causality 

 Reciprocal influences between PA and reading acquisition throughout development makes 

it harder to address the issue of the PA-reading relation (Castles & Coltheart, 2004; Hulme, Snowling, 

Caravolas, & Carroll, 2005). While children with reading difficulties often show accompanying poor 

PA skills, it is possible that these observed deficiencies in PA result from reduced or suboptimal 

reading experience. For example, Huettig and colleagues (2018) note the importance of 

distinguishing cause and effect when establishing the main factors that contribute to reading 

difficulties. They argue that in order to determine whether a given skill plays a causal role in reading 

development, it needs to be assessed in prereaders before any reading skills have developed. This 

rules out the possibility that the observed effects are a consequence of suboptimal reading 

experience rather than their primary cause. Longitudinal studies that initially test prereaders before 

reading instruction, although not conclusive, are thus a primary source of evidence to assess the 

causal role of PA skills in future reading performance (see also Goswami, 2015).  

Operationalization 

All the above aspects of the PA-reading relation have been additionally obscured by a third 

factor: the operationalization of PA (McBride-Chang, 1995; Runge & Watkins, 2006; Vloedgraven & 

Verhoeven, 2009; Yopp, 1988). Tasks used to test PA vary in difficulty on many dimensions. First, 

they may differ in terms of the linguistic unit of analysis, which could be whole-words, syllables, 

intra-syllabic units (onset and rimes), or phonemes. While it has been shown across orthographies 

that children’s sensitivity develops along a trajectory from larger to smaller units (Anthony et al., 

2011; Duncan et al., 2013; Papadopoulos, Spanoudis, & Kendeou, 2009; Ziegler & Goswami, 2005), it 

is still debated whether sensitivity to phonemes can be attained prior to any literacy exposure 
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(Castles & Coltheart, 2004; Landerl et al., 2019). Longitudinal studies have used either measures of 

phonological awareness (including both syllabic and phonemic items) or phonemic awareness (only 

phonemic items) measures, further complicating the matter. Second, they may differ in terms of the 

kind of cognitive operation involved in the task. Both in English and Spanish, children are able to 

blend linguistic units before they can segment them and identify them before they can manipulate 

them (e.g., detect identical onsets in two words vs. remove the onset) (Anthony, Lonigan, Driscoll, 

Phillips, & Burgess, 2003). Different studies use a wide variety of different tasks, which makes it to 

compare them. Third, PA tasks vary in terms of the memory-load they impose. This has been 

identified as a crucial modulating factor in performance across phonological awareness tasks 

(Martinez Perez, Majerus, & Poncelet, 2012; Ramus & Szenkovits, 2008). Finally, PA tasks vary in 

their response format. PA is usually measured in tasks that require verbal responses, such as 

removing a given phoneme from a word and producing the resulting word/nonword. Naturally, 

producing a verbal response adds an additional cognitive process, which may or may not be tapping 

into the PA construct directly. For example, Cunningham and colleagues (2015) showed that grain 

size and response format in PA tasks constitute independent factors, and that the production of a 

verbal response contributed unique variance to decoding above and beyond the linguistic 

component involved. However, production of a verbal response is not usually defined as part of the 

PA construct, but as a means for measuring it. In sum, the wide range of task properties commonly 

used has presented a further obstacle in trying to reconcile divergences in the existing literature 

(Ramus & Szenkovits, 2008). 

The above factors —universality, causality, and operationalization— may explain why 

evidence for the unique (i.e., above and beyond other variables) contribution of PA to reading has 

been inconsistent across orthographies. In the last two decades, several studies have attempted to 

address these issues by assessing preliteracy skills in prereaders in less transparent orthographies 

using longitudinal designs as well as cross-language approaches. While some of these studies have 

found evidence that supports a universal role for PA in reading acquisition (Caravolas et al., 2012; 
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Furnes, Elwér, Samuelsson, Olson, & Byrne, 2019; Puolakanaho et al., 2007; Vaessen et al., 2010), 

others have not (De Jong & Van der Leij, 2003; Defior, Serrano, & Marín-Cano, 2008; Georgiou, 

Torppa, Manolitsis, Lyytinen, & Parrila, 2012; Landerl et al., 2019; Mann & Wimmer, 2002; 

Schmitterer & Schroeder, 2019; Van Bergen et al., 2011). 

There is an additional challenge in trying to make sense of this divergent evidence that has 

not, to the best of our knowledge, yet been systematically addressed: studies which show no 

evidence for a universal contribution of PA to reading acquisition also frequently report floor effects 

on PA measures (De Jong & Van der Leij, 2003; Georgiou et al., 2012; Landerl et al., 2019; Van 

Bergen et al., 2011). Floor effects are a form of scale attenuation encountered when measures are 

close to zero for most participants, thus providing an inaccurate measure of individual participant’s 

ability. They generally result from tasks that are too difficult for the target participants, either due to 

poor item design or lack of adjustment for developmental stage. Most often, this is regarded as a 

methodological limitation in such studies.  

Additionally, evidence in favour of a universal account has its own challenges. Some studies 

include a sample which already has some reading experience at study onset. As discussed above, this 

introduces a confound due to the reported reciprocal influences between phonological awareness 

and reading (Caravolas et al., 2012; Furnes & Samuelsson, 2010; Vaessen et al., 2010). In other cases, 

not all relevant covariates are included (crucially, verbal short-term memory and letter knowledge 

may be left out), making it difficult to compare the unique contribution of each predictor hard to 

perform (Furnes & Samuelsson, 2010; Puolakanaho et al., 2007). Finally, sample composition in 

these studies is often enriched with children at risk of reading failure, usually due to family history of 

dyslexia (Puolakanaho et al., 2007). Naturally, when trying to achieve a final sample that contains at 

least some children with reading difficulties, this is a sensible approach. However, it limits the 

generalizability of results to a broader, unselected population. 
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Understanding the unique contribution of PA to early reading skills across orthographies is 

relevant for both practical and theoretical reasons. An important practical implication is the design 

and use of appropriate screening tools for children at risk of reading difficulties. Early screening is 

vital, since it has been shown that remediation programmes are more effective the sooner they 

begin (Ozernov-Palchik & Gaab, 2016). If the unique contribution of PA is orthography dependant, 

then screening should be orthographic-specific (see for example, Solheim, Torppa, & Uppstad, 2020). 

Adaptation of tools developed for English-speaking children would not be appropriate for Spanish-

speaking ones. From a theoretical standpoint, it raises new questions concerning the universality of 

the current prevailing model of reading acquisition. If the contribution of PA is not unique, does this 

mean PA has no role to play in reading acquisition? Can this explain the floor effects often reported 

in more transparent orthographies? If so, why are floor effects in PA often observed in more 

transparent orthographies but not in less transparent ones? We claim here that floor effects could 

be explained by a delayed development of PA skills in more transparent orthographies, rather than 

by measurement error. If, in more transparent orthographies, PA skills during the kindergarten years 

are only primitively or not at all developed, then it stands to reason that PA will show no unique 

contribution to later reading acquisition. Further, it is possible that other preliteracy skills will take 

its place. We believe LK is a strong candidate. Since, in more transparent orthographies, letter 

sounds are virtually equivalent to the phonemes they represent, in such orthographies LK might 

index children’s ability to identify phonemes, thus replacing PA as a main contributor to later reading 

acquisition.  

The Present Study 

In the present study we examined the unique contribution of pre-reading phonological 

awareness to early reading skills in a transparent orthography, Spanish. Our hypothesis was that, in 

more transparent orthographies: i) delayed development of PA skills explain the previously observed 



            REVISITING PRE-READING PHONOLOGICAL AWARENESS                                             9 

floor effects of PA, ii) LK indexes children’s ability to identify phonemes and thus takes a more 

central role. 

To test this hypothesis, it was critical to design tasks that were sensitive to the general PA 

abilities of children at the time of testing. In order to tackle this issue, we employed a 

comprehensive assessment of phonological awareness, involving the manipulation of syllables and 

phonemes, which included four different tasks consisting of 163 items. We longitudinally assessed 

an unselected sample of children at two time points: in kindergarten, before any reading instruction 

has taken place, and at the end of Grade 1. Crucially, we computed latent ability scores through an 

item-response theory (IRT) approach, which allowed us to control for measurement error and 

compare tasks scores across different scales (Cole & Preacher, 2014; Hjetland et al., 2019). 

Moreover, in order to examine the unique contribution of PA relative to other preliteracy skills and 

general cognitive factors, we also assessed LK, RAN, and vSTM, as well as several other relevant 

control variables. At the end of grade 1, we repeated K5 measures and additionally measured 

reading skills. In order to account for the fact in more transparent orthographies children achieve 

high accuracy levels at the end of first grade (Seymour et al., 2003), we assessed decoding accuracy 

in words and pseudowords, as well as fluency, and modelled these factors independently.  

Methods 

Participants and procedure 

Data was collected longitudinally in two consecutive school years starting with the last year 

of Kindergarten (K5), followed by 1st grade (G1). All children were native Spanish speakers. Children 

were recruited from 26 public schools in Montevideo, Uruguay, with middle to high socio-economic 

status, according to the National School Administration classification. Schools were either part-time 

or full-time. All children attending K5 level at time 1 were invited to take part in the study. Only 
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those whose parents signed a consent form, in accordance with the Declaration of Helsinki, took 

part (N = 616, 296 females, M age = 5.6 years). 

 Sample size was estimated based on expected dropout, prevalence of reading difficulties, 

and power calculations. Power calculations using GPower3.1 (Faul, Erdfelder, Buchner & Lang, 

2009) show that, for a multiple regression with 11 factors (see below), and an expected effect size f2 

= 0.1, a sample of at least 262 children is needed to obtain a power of .95 at .05 level. Dropout was 

estimated at 30%, given the study was conducted in the school setting, longitudinally; and 

prevalence of reading difficulties was estimated at 10%. Thus, an initial sample of approximately 600 

children was targeted for.  

The final sample, including children that completed both stages of data collection, consisted 

of 397 children (181 females, M age = 5.6). Dropout was mainly due to children that switched 

schools between time points. Nine children were additionally excluded because they did not 

complete at least half of the tasks. Dropout analysis showed significant differences in SES (X2(2, N = 

616) = 6.82, p = .033), with those dropping out showing a larger proportion of children from low SES. 

No other variable of interest showed any significant differences between groups (Age: t(614)= 0.55, 

p = .58; Gender: X2(1, N = 616) = .70, p = .40, IQ: t(614)= 1.29, p = .20, letter knowledge: t(614)= 1.80, 

p = .07, phonological awareness: t(614)= 0.32, p = .75, and rapid automatized naming: t(614)= −1.15, 

p = .25) 

Whenever justified, missing data was imputed among independent variables (i.e., excluding 

reading). The only exception being SES, since there are not enough social variables to make a valid 

imputation (see below). Demographic information (age, gender, and maternal education as a proxy 

for socioeconomic status) was obtained from a national database from the educational system 

(ANEP). Seventy-five children were excluded due to missing SES data. Missing data was present 

across measured variables (M = 14%, min = 10%, max = 18%) and was handled through random 

forest imputation via the missforest package in R (Eckert, Vaden, & Gebregziabher, 2018; Stekhoven 
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& Buehlmann, 2012). This method predicts the missing data taking into account all the other data 

and t has been shown to be highly effective even when there is low or moderate correlation 

between variables (Tang & Ishwaran, 2017). No dependent variables (i.e., reading) were included in 

the imputed procedure.  Normalized root mean square error of approximation for the imputation of 

continuous variables was 0.30 (Stekhoven & Buehlmann, 2012). 

Assessment was carried out at the schools, in groups of four to five children, except for the 

reading and RAN tasks which were assessed individually. Sessions lasted between 10 and 15 

minutes. All tasks were presented digitally through individual tablets, except for reading and RAN. In 

order to do so, we created an Android-based application in videogame format, called Lexiland 

(Zugarramurdi, Fernández, Lallier, Carreiras, Valle-Lisboa, in press). Instructions and stimuli were 

pre-recorded and delivered though headphones. All tasks began with two to three examples, 

followed by two to three practice trials with feedback. Children were allowed to repeat practice 

trials freely. Two research assistants monitored task performance and were available to clarify 

instructions on demand. 

All the procedures were approved by the Ethics Committee of the School of Psychology at 

Universidad de la República; date of approval February 17th, 2016, under the study title: “Design of a 

digital assessment battery to detect reading difficulties”.  

Measures 

Phonological awareness. Phonological awareness was assessed by 4 different tasks: 

segmentation, blending, onset matching, and rhyming. In Segmentation (22 syllabic items, 28 

phonemic items) children heard a word —with their corresponding image to reduce memory load— 

and had to segment it. In order to avoid verbal responses, illustrations of dices corresponding to 

number two to four for syllables, and three to five for phonemes appeared in the screen. The answer 

was given by tapping on the dice corresponding to the number of syllables or phonemes in the word. 

This task is similar to the task called tapping by other authors (see Bryant, MacLean, Bradley & 
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Crossland, 1990), a name we avoid since Lexiland includes a different tapping task (tapping to a 

rhythm). In the Blending test (18 syllabic items, 16 phonemic items), children heard a sequence of 

syllables or phonemes and had to blend them into a word. The phonemes were sounded following 

usual procedures in phonics instruction (McGuinness, 2004). Children gave their response by 

pressing the image corresponding to the blended word on screen. The target image was presented 

along with three distractors (one semantically related, one phonologically related, one unrelated). 

The location of the correct response was randomized across trials. Within each grain size, items 

ranged from two to four syllables, and four to six phonemes. In the Onset matching test (27 syllabic 

items, 32 phonemic items) children heard pairs of words —with their corresponding images— and 

had to indicate whether both words started with the same phoneme/syllable or not. Children gave 

their response by pressing on a tick or a cross button. Phonemic items with matching onsets shared 

the first phoneme for CV word onsets and the first two phonemes for CCV word onset (flaco-flecha). 

Items with non-matching onsets did not share any phonemes in the first syllable. Half of the items 

had matching onsets and half had non-matching onsets. In the Rhyming test (10-word items, 10-

pseudowords items), children heard two words —with its corresponding images— or two 

pseudowords and had to indicate whether they rhymed or not. Children gave their response by 

pressing on a tick or a cross button. Half of the items rhymed, and half did not. For each task, the 

score was calculated as mean accuracy. 

We used Item response theory (IRT) to estimate each subject’s latent phonological 

awareness score from observed responses. We used a 2-parameter model where the hit probability 

on each item is modeled as a logistic curve defined by two item parameters: discrimination and 

difficulty. The model allowed us to estimate the discrimination and difficulty of each item and the 

subject latent ability. Item and subject parameters are estimated iteratively with Marginal Maximum 

Likelihood Estimation (MMLE), until reaching a model compatible with the observed data. Further 

details of estimation of model parameters can be found on Rizopolous (2006) and Baker (2001). In 

the IRT context, information is used to replace the concept of reliability. Information is 



            REVISITING PRE-READING PHONOLOGICAL AWARENESS                                             13 

conceptualized as a function of model parameters and varies with the level of ability. The 

information of the test is defined as the average information of its items. 

Letter knowledge (LK). Letter knowledge was assessed separately for letter sounds and 

names. In each subtask, children heard the name/sound of a letter and had to choose the answer by 

tapping the screen to select one of three options: the target letter, a visually similar distractor (Boles 

& Clifford, 1989), or an unrelated distractor. There were 22 items of each type (for a total of 44). For 

each task, the score was calculated as mean accuracy. 

Rapid Automatized naming (RAN). Children were presented with a 6 x 5 array of five items 

each repeated six times and were asked to name them as quickly and as accurately as possible. 

Items were either objects (gato, jugo, mano, silla, queso [cat, juice, hand, chair, cheese, 

respectively]) or colours (azul, negro, rojo, verde, blanco [blue, black, red, green, white]). All subtasks 

were preceded by a familiarization phase. The score was calculated as total response time. 

Vocabulary (VOC). Receptive vocabulary was measured through the noun subset of the BEST 

vocabulary test (De Bruin, Carreiras, & Duñabeitia, 2017). Children heard a word and had to select 

one out of four images.  

Short-term memory. Verbal short-term memory (vSTM) was assessed through an adaptation 

of the task described in Martinez Peres, Majerus and Poncelet (2012). Children heard a sequence of 

monosyllabic words, followed by their corresponding images on the screen (sol, pan, tren, rey, flor, 

pez [sun, bread, train, king, flower, fish]). Children were asked to order the images according to the 

order of presentation of the words heard. The sequence ranged from two to six items; the test 

included three trials of each sequence length. The order of presentation in each trial was 

randomized. The score was the maximum number of items recalled. Non-verbal short-term memory 

(nvSTM) was assessed through an adaptation of the Corsi Block task (Corsi, 1972). Blocks were 

replaced by pictures of pigs to make the task more attractive to children. Sequences ranged from 
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two to eight items, four trials per sequence length. Testing was interrupted if three errors were 

made on four consecutive trials of the same length. The score was the maximum number of items 

recalled. 

Nonverbal IQ. Nonverbal IQ was measured using the Matrix Reasoning subtest of the Spanish 

version of the WPPSI (Wechsler, 2001). Scores were computed as the maximum level achieved, 

following the WPPSI scoring system.  

Phonological Awareness, Letter knowledge, RAN, Vocabulary, Short-term memory, and 

nonverbal IQ measures reported were used in both K5 and G1. 

Reading.  

At Time 1 (K5), a list of 15 words and 15 pseudowords was presented on paper and children 

were asked to read them aloud. All items consisted of 2-syllable high frequency words with varying 

syllabic complexity including CV and CCV onset items. Pseudowords were constructed from the list 

of words using Wuggy (Keuleers & Brysbaert, 2010).  

At time 2 (G1), reading assessment included two tasks: decoding and fluency. Decoding. A 

list of 30 words and 30 pseudowords was presented digitally, one word per screen. Items consisted 

of two to three syllable words of medium frequency with simple and complex syllables. Mean 

accuracy was computed for each child. Fluency. A two-minute reading test. It consisted in reading as 

quickly and as accurately as possible a text of 278 words on paper, within a maximum of 2 minutes. 

This was a Spanish adaptation of the Alouette French test (Lefavrais, 2005). The number of correct 

words read per minute was computed for each child.  

Data and materials are available upon request to the first author. This study’s design and its 

analysis were not pre-registered. 
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Results 

The rationale for the analysis was as follows. First, we studied the development of 

phonological awareness from K5 to G1, at the syllabic and phonemic level. In order to control for 

measurement error, we computed latent ability scores of phonological awareness for each child. 

Next, we assessed individual reading levels in K5 to identify children who could read and children 

who could not read at all, and compared the preliteracy skills of K5 readers and non-readers. Finally, 

we tested our main hypothesis regarding the role of PA in reading acquisition in a transparent 

orthography using mixed effects linear models of decoding and fluency. All analyses were performed 

using R software (R Core Team, 2018).  

Table 1 

 Descriptive statistics for K5 measures and G1 reading 

time  M SD min max skewness kurtosis reliability chance 

K5 Age 5.60 0.29 5.10 6.20 0.03 -1.21 - - 

K5 IQ 10.09 5.42 0.00 28.00 0.60 0.08 0.90 - 

K5 Vocabulary 0.83 0.12 0.27 1.00 -1.66 4.18 0.87 0.25 

K5 non-verbal STM 3.57 1.23 1.00 6.00 -0.26 -0.53 0.77 - 

K5 verbal STM 3.62 1.04 1.00 6.00 -0.05 -0.44 0.75 - 

K5 blending phonemes 0.31 0.18 0.00 0.94 1.36 1.87 0.64  0.38 

K5 blending syllables 0.83 0.15 0.21 1.00 -1.46 2.37 0.79  0.37 

K5 onset matching phonemes 0.54 0.12 0.31 0.97 1.46 2.19 0.64  0.50 

K5 onset matching syllables 0.59 0.15 0.19 1.00 0.81 -0.04 0.74  0.50 

K5 rhyme pseudowords 0.54 0.16 0.00 1.00 0.34 0.99 0.41 0.50 

K5 rhyme words 0.57 0.17 0.10 1.00 0.57 0.53 0.44  0.50 

K5 segmentation phonemes 0.27 0.12 0.07 0.96 2.00 7.28 0.62  0.25 

K5 segmentation syllables 0.41 0.17 0.09 1.00 1.36 2.13 0.76  0.33 

K5 RAN colours 56.64 19.05 20.17 125.10 1.22 1.91 - - 

K5 RAN objects 48.53 12.60 24.92 97.72 0.90 1.30 - - 

K5 letter name 0.60 0.23 0.09 1.00 0.14 -1.18 0.87 0.33 

K5 letter sound 0.55 0.21 0.14 1.00 0.32 -0.85 0.81 0.33 

G1 decoding words 0.75 0.34 0.00 1.00 -1.32 0.22 - - 

G1 decoding pseudowords 0.68 0.32 0.00 1.00 -1.14 -0.09 - - 

G1 fluency  21.13 15.98 0.00 99.00 1.13 2.38 - - 
Units: Vocabulary, Blending, Onset matching, Rhyme, Segmentation, Letter and Decoding: mean accuracy; IQ, non-verbal 

STM, verbal-STM: maximum level achieved; RAN: total response time; Fluency: words read correctly per minute.  
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Reliability is McDondald’s omega (total). Reliability of the average Phonological Awareness score is 0.85 (when including 

all items) and for Letter Knowledge is 0.91. N = 388. 

Descriptive statistics for K5 measures and G1 reading are reported in Table 1 (See Table S1 

for other G1 measures). Chance denotes the chance level for each task that involved a multiple-

choice response format. Composite measures were computed for the two RAN tasks, for the two LK 

tasks, and for the two decoding tasks (RAN r = 0.56, 95% CI [0.49 – 0.63], p < .001; LK r = 0.77, [0.73 – 

0.81], p < .001; decoding r = 0.96, [0.95 – 0.96], p < .001). For PA, latent ability scores were 

computed from all tasks (See section on IRT analysis). Correlations among all variables measured in 

K5 and reading measured in G1 were studied to assess collinearity issues for model building (Table 

2). The strongest correlations among K5 measures were between LK and PA, LK and vocabulary, and 

LK and verbal short-term memory. The strongest correlations between K5 variables and G1 reading 

were for LK, followed by RAN and non-verbal STM. All correlations were significant at the 99% level 

with p values corrected to through false-discovery rate.  

Table 2 

 Pearson correlation coefficients for K5 variables and G1 reading measures 

 time  1 2 3 4 5 6 7 8 

1 G1 decoding         

2 G1 fluency  0.67***       

3 K5 PA 0.26*** 0.19***       

4 K5 IQ 0.21***  0.19***   0.28***     

5 K5 Voc 0.27*** 0.16**   0.27***  0.27***    

6 K5 nvSTM 0.36*** 0.28*** 0.26*** 0.26*** 0.27***   

7 K5 vSTM 0.38*** 0.32*** 0.27*** 0.26*** 0.24*** 0.35***  

8 K5 RAN -0.38*** -0.34*** -0.15**   -0.24*** -0.28*** -0.31*** -0.28*** 

9 K5 LK 0.50*** 0.50*** 0.36*** 0.31*** 0.38*** 0.31*** 0.44*** -0.34*** 
*** p < .001, ** p < .01 false discovery rate correction 
Note. PA: phonological awareness, Voc: vocabulary, nvSTM: non-verbal short-term memory, vSTM: verbal short-term memory, RAN: rapid 
automatized naming, LK: letter knowledge. N=388. 
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Phonemic Awareness shows Floor Effects in Kindergarten 

In order to evaluate performance across measures and time points (Figure 1), we first 

performed one-sample t-tests of accuracy scores against chance, since all tasks were presented in a 

multiple-choice format. Children performed better than chance across all tasks (p < .001), except for 

blending phonemes, where average performance was significantly below chance level (M= 0.31, 

chance = 0.37, 95% CI [0.29, 0.33], t = -7.038, df = 387, p < .001). Notably though, performance in the 

other two PA tasks involving phonemes was barely above chance (segmentation phonemes = 0.27, 

chance = 0.25, 95% CI [0.26, 0.28]; onset matching phonemes = 0.54, chance = 0.5 [0.53, 0.55]).  

Next, since PA skills were assessed both in K5 and G1, we could evaluate growth in PA skills 

across time (Figure 1). A linear mixed effect model with accuracy as the outcome and task, time, and 

task-time interaction as predictors showed significant effects for all predictor variables, including the 

time-task interaction. Post-hoc comparisons for each task across time points showed significant 

improvements in accuracy for all tasks (all p < 0.001, corrected through false discovery rate).  

Figure 1 

Phonological Awareness Performance Across Tasks, Grain Size and Time Points 
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Note. For all tasks, syllabic performance was significantly better than phonemic performance. Phonemic performance was 

barely above chance levels for Onset matching and Segmentation and significantly below chance level for Blending. All PA 

skills improve with time from K5 to G1.  Error bars represent 95% confidence interval. Diamonds represent chance levels for 

tasks involving phonemes. N = 388. 

IRT Analysis shows Progression of Difficulty from Syllabic to Phonemic 

items 

Since the PA construct was measured by four tasks varying in difficulty and cognitive load, 

we estimated a latent ability score for each child by combining all tasks measured in K5. This served 

two ends. First, it enabled us to directly compare difficulty levels among tasks. Second, it controlled 

measurement error (Cole & Preacher, 2014; Hjetland et al., 2019). We estimated a 2PL model from 

the 163 phonological awareness items via the ltm package (Rizopoulos, 2006). Previous evidence 

shows that PA is a unitary construct, an assumption of IRT models (Anthony et al., 2011; 

Vloedgraven & Verhoeven, 2009). Model fit indices showed excellent fit (additional details on model 

fit available in Supporting information). Twelve items were excluded due to extreme difficulty 

parameters. The final, reduced, model included 151 phonological awareness items. 

Person-level analysis. Having established adequate model fit, latent ability scores were 

computed for each child from the reduced model via Empirical Bayes through the factor.scores 

function in the ltm package (Rizopoulos, 2006). Pearson correlation coefficient between latent 

scores obtained from the complete model and from the reduced model was .99. Obtained latent 

ability scores were normally distributed around 0 (min: -2.9, max: 2.7).  

Item-level analysis. Difficulty was examined for each task and grain size (that is, syllabic vs. 

phonemic items). Overall average difficulty for the reduced model was .5. Tasks arranged from less 

to more difficult were blending (M = −1.23) < rhyme (M = 0.33) < onset matching (M= 0.61) < 

segmentation (M= 1.87). Pairwise comparisons through two-sample t-test showed significant 

differences between blending and onset matching (t(147) = −184, p = .019) and between blending 
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and segmentation (t(147) = −3.10, p < .001). With respect to grain size, syllabic items were 

significantly less difficult than phonemic ones (M syllables = −0.62, M phonemes = 1.65, t(129) = 

2.27, p < .001). These results are consistent with the expected progression of development of 

phonological awareness from syllabic to phonemic units, and from blending to identifying to 

segmenting (Anthony et al., 2003, 2011; Ziegler & Goswami, 2005). Regarding discrimination 

parameters, average discrimination was 0.3, with tasks arranged from less to more discriminative: 

segmentation (M = 0.24) < blending (M = 0.35) < rhyme (M = 0.38) < onset matching (M = 1.16). 

Pairwise comparisons showed significant differences between segmentation and onset matching 

(t(147) = 0.92, p < .001), blending and onset matching (t(147) = −0.80, p < .001), and rhyme and 

onset matching (t(147) = 0.77, p < .001). No significant differences were observed in discrimination 

parameters between syllabic and phonemic items. 

Finally, we computed test information in order to assess internal consistency. We found that 

the peak of the information function is located at 0.03, suggesting the estimation of latent ability 

scores for the PA construct are most precise at average latent ability score levels, with a standard 

deviation of 0.19. Thus, error of measurement was very low for most children with scores around 

average, and increased towards the edges, as expected, with a standard deviation of approximately 

0.4 for latent ability scores of 2 and -2. For approximately 95% of the sample, which falls between -2 

and 2 standard deviations of the mean, the error in estimation was very low. 

Preliteracy Skills differ between K5 Readers and Non-readers 

In order to assess the unique contribution of PA to reading before any reading experience, 

children were tested on their reading levels in K5 through a list of 15 words and 15 pseudowords. 

Children are not expected to have reading skills at this stage as reading is not explicitly taught in 

kindergarten. Accordingly, 86.3% of the sample could not decode any pseudowords, while only 

11.3% correctly decoded more than 10 pseudowords. In order to make sure that our results refer to 

pre-readers avoiding reciprocal effects, we conservatively defined K5 readers as those that decoded 
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one or more pseudowords correctly, which constituted 13.9% of the sample. We used pseudoword 

decoding as a criterion for reading because it excludes the use of any familiar whole-word 

recognition strategies, which do not imply the decoding ability.  

Following the vast literature on the role of preliteracy skills in reading acquisition, we 

compared K5 readers vs. non-readers in each preliteracy skill using one linear regression model per 

task, with task score (for PA and LK) or response time (for RAN) as outcomes, and Age, IQ and group 

(K5 reader vs. non-reader) as predictors (Figure 2). In all models, the group coefficient was 

significant at the 99% confidence level. Planned comparisons of marginal means showed that K5 

readers outperformed non-readers in all preliteracy skills. All K5 readers were removed from further 

analysis in order to avoid reciprocal effects of PA and reading. 

Figure 2  

Preliteracy Skills Performance of K5 Readers vs. Non-Readers at Time 1 

 

Note. Marginal means, controlling for Age and IQ. Error bars represent 95% confidence interval. Marginal means represent 

latent ability scores for PA, mean accuracy for LK, and response times in seconds for RAN (smaller scores mean better 

performance). K5 readers outperform K5 non-readers across all measures. N readers = 54, N non-readers = 334. 
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RAN and LK, but not PA, Uniquely Contribute to Reading Skills 

In order to evaluate the unique contribution of PA to early reading abilities, that is, variance 

explained while controlling for relevant covariates, we run linear mixed effects regression models 

with preliteracy skills measured in K5 as predictors (LK, RAN and PA), and two outcome variables: 

decoding (composite of words and pseudowords accuracy) and fluency (words read per minute) 

measured in G1. The inclusion of the PA variable in the regression models presented a challenge due 

to a. the floor effects observed for phonemic items, and b. the low reliability for rhyme tasks. In 

order to overcome these challenges, we used latent ability scores obtained from the IRT analysis 

(See previous section about IRT Analysis), excluding the rhyme tasks. Additionally, all reported 

models were also fit with latent ability scores for phonemic awareness and syllabic awareness items 

separately. Results for the full model remained the same and are thus not reported. 

 School was included as random intercept to account for the nesting of children across 

schools. Age, Gender, IQ, Vocabulary, vSTM, nvSTM, and Maternal Education, as a proxy for 

socioeconomic status (SES), were included as control variables. vSTM was treated as a control 

variable in order to focus on the core component of the PA construct and because of the large 

memory load involved in some of the PA tasks. Since PA and reading have shown reciprocal effects 

(Castles & Coltheart, 2004), all children that showed any reading skill in K5 were excluded from the 

analysis. For this reason, we refer to PA skills in these children as PPA (pre-reading phonological 

awareness). 

 For model specification and selection, we followed Meteyard and Davies (2020) 

recommended practices on linear mixed-effects models. First, a null model containing only a random 

intercept for School was fitted. No random slopes were added since the number of children by 

school was low for estimation purposes. Model building continued from minimal to maximal. In the 

next step we computed the preliteracy model, adding three preliteracy skills of interest as fixed 

effects: PPA, LK, and RAN. Finally, we ran the full model, in order to assess the unique contribution of 
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preliteracy skills after controlling for relevant covariates, adding all covariates as fixed effects (Age, 

Gender, SES, IQ, Vocabulary, vSTM and nvSTM). Model details are reported in Table S2.  

The null models, containing only the random effect for School explained approximately 10% 

of the variance in decoding and 6% in fluency. In the preliteracy models, LK, RAN, and PPA all 

contributed uniquely to decoding. LK and RAN, but not PPA, contributed uniquely to fluency. All 

variables combined explained 39% of the variance in decoding, and 31% of the variance in fluency. 

Both models (accuracy and fluency) significantly improved model fit as compared to the null model. 

In the full models (Figure 3), which included all relevant covariates in addition to preliteracy skills, LK 

and RAN still contributed unique variance among preliteracy skills (Table S3). Crucially, PPA no 

longer contributed unique variance to decoding. Among covariates, vSTM, nvSTM, and SES all 

contributed unique variance to decoding. For fluency, SES and Gender were unique predictors (with 

boys outperforming girls). Overall, the full models accounted for 45% of the variance in decoding 

and 38% of the variance in fluency. As for variance explained by each predictor of interest while 

keeping all other variables constant, for decoding, PPA contributed 2.2% of additional unique 

variance, LK contributed 6.4% and RAN 6.0%. For fluency, PPA contributed 0.3%, LK 7.7% and RAN 

4.8 %.3.6 % to fluency. Both full models (accuracy and fluency) significantly improved model fit as 

compared to the preliteracy skills models.  

Figure 3 

Regression Coefficients for Prediction Model of Reading from Preliteracy Skills 
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Note. Prediction model coefficients for decoding (top panel, n = 243) and fluency (bottom panel, n = 239). School was 

included as a random intercept (not shown). Error bars represent 95% confidence intervals. Colour shows significant 

predictors for each model (different from zero). LK: Letter Knowledge, RAN: Rapid Automatized Naming, vSTM: verbal 

Short-Term Memory, nv-STM: non-verbal Short-Term Memory, Voc: Vocabulary, SES: Socio-economic Status.  RAN 

coefficients are reversed for illustration purposes. For SES, since it is an ordinal variable, L indicates a coefficient for a 

linear term, and Q for a quadratic term. 

For the decoding model, the lack of a PPA effect in the presence of covariates was further 

examined. We reasoned that if the effect of PPA on reading was modulated by any of these control 

factors, as evidenced by the change in the model coefficient for PPA, interaction effects were likely. 

Thus, we estimated three new models including interaction terms between PPA and verbal short-

term memory (model 1), non-verbal short-term memory (model 2), and SES (model 3). The only 

significant interaction effect observed was for PPA and SES (Table S4). An examination of the pattern 

of reading-PPA relations by SES group showed that the PPA-reading relation was stronger for the low 

than the middle and high SES groups. This new model significantly improved model fit over the full 

model without any interaction terms (delta r squared = 3.1%, LRT Χ2(2) = 13.69, p < .001). In order to 

check the sensitivity of our results to changes in the cut-off value separating readers from non-
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readers, we re-run the analysis with a threshold of 5 pseudowords (Supporting information Table 

S5). The results did not change after this manipulation. Moreover, we evaluated a model of decoding 

(which is the dependent variable more likely to show PA effects) including K5 readers and a 

categorical variable representing whether they read or not at K5 (Table S6). The model does not 

show an independent effect of PA above and beyond all other predictors. 

Discussion 

In the current study we assessed the unique contribution of PA to early reading skills in a 

transparent orthography. By computing latent ability scores from a comprehensive PA battery, we 

overcame the floor effects of PA often reported for more transparent orthographies. As in many 

previous studies, PA measured in K5 is correlated with reading scores measured in G1. Nevertheless, 

in two regression models of decoding and fluency, we showed that pre-reading phonological 

awareness (PPA) does not uniquely contribute to the prediction of early reading acquisition above 

and beyond other preliteracy skills, while controlling for several relevant covariates. We have also 

shown that our failure to find a contribution of PPA above and beyond the other factors is not due to 

lack of power.  Instead, we showed that LK and RAN (and vSTM in the case of decoding) are the most 

relevant predictors of early reading skills. Crucially, our prediction models can account for large 

amounts of variance (38% and 45% for decoding and fluency respectively) even in the absence of a 

significant unique contribution from PPA. Our findings shed light on how the dynamic interplay 

among preliteracy skills may reveal itself across orthographies. 

Development of PA in a Transparent Orthography 

As reported in studies of PPA in prereaders in more transparent orthographies, phonemic 

awareness showed floor effects (at chance or barely above chance levels) in our sample, as 

evidenced by average scores and by difficulty parameters in the item-response theory model. Floor 

effects have been a main explanatory reason for not finding a unique contribution of phonemic 
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awareness to reading in more transparent orthographies (De Jong & Van der Leij, 2003; Georgiou et 

al., 2012; Landerl et al., 2019; Van Bergen et al., 2011). However, while this argument makes 

methodological sense –one would expect no significant unique contribution when the predictor does 

not show sufficient variance— its theoretical interpretation should not be dismissed. Why is it 

common to see floor effects in phonemic awareness measures in kindergarten children from 

languages with more transparent orthographies? In line with previous studies, our results suggest 

that that phonemic awareness develops “late but fast” (Defior et al., 2008; Mann & Wimmer, 2002). 

Moreover, it is possible that in opaque orthographies PA is stimulated during kindergarten and that 

this is not the case in transparent orthographies, as it is felt by teachers and curriculum designers 

that this is a skill that can be learned easily. In line with this possibility, Ziegler and Goswami (2005) 

review evidence that children learning to read in transparent orthographies show little phonemic 

awareness in K5 (e.g., Italian or Greek) but develop it quickly during first grade. 

Unique Contribution of PPA to Reading Acquisition 

Results from the full regression models for both decoding and fluency show that PPA does 

not contribute uniquely to reading acquisition above and beyond other preliteracy skills when critical 

covariates are included. The exclusion of K5 readers in our model could raise the question of 

whether we are artificially reducing the effect that PA can have in reading in G1. However, as shown 

above, results are robust even when changing the threshold separating readers from non-readers. 

The comprehensive assessment and large sample size in our study confirm that the null 

unique contribution from PPA was not a result of measurement error or lack of power. In addition, 

the reported pattern of results showing a significant correlation between PA skills in K5 and reading 

scores in G1, the growth of PA skills from K5 to G1, the increased performance for syllabic to 

phonemic items, the separation across cognitive operations, and the discrimination between K5 

readers and non-readers, strongly suggest that the null contribution does not stem from random 

behaviour. These findings add converging evidence from a Spanish speaking population to the 



            REVISITING PRE-READING PHONOLOGICAL AWARENESS                                             26 

available studies on more transparent orthographies such as Dutch, German, Finnish, and Greek (De 

Jong & Van der Leij, 2003; Defior et al., 2008; Georgiou et al., 2012; Landerl et al., 2019; Mann & 

Wimmer, 2002; Schmitterer & Schroeder, 2019; Van Bergen et al., 2011). On the other hand, these 

results contradict those reported by Caravolas and colleagues (2012) in their longitudinal 

crosslinguistic study including Spanish. A possible explanation for the discrepancy is that in their 

study children had some reading experience at study onset. This could have prompted the 

development of PA. The present results, in contrast, come from a sample of children who, at study 

onset, could not decode any pseudowords; therefore, no reciprocal effects were expected. The 

reciprocal effects of reading on the development of PA could unfortunately not be tested in the 

present sample since the proportion of readers at study onset was very low (13%). This did not 

warrant inclusion of an interaction term in the model, nor building a separate model specifically for 

those children. Additionally, in our study, unlike that by Caravolas et al., we see a significant unique 

contribution from pre-reading vSTM to reading. In their study, Caravolas et al. (2012) cite the low 

reliability of vSTM as an explanatory factor, noting it did not make a unique contribution to reading 

prediction. This suggests they may have found a pattern of results similar to ours if the vSTM 

measure had been more reliable in their study. Also, the decoding measures used in their study and 

ours differed considerably. With regard to other more transparent orthographies, results on Finnish 

are also pertinent to our findings, since, like Spanish, Finnish can be categorized at the extreme of 

orthographic consistency. In a study reported in Puolakanaho et al. (2007), preliteracy skills were 

compared in a sample of 200 children from 3.5 years of age, half of whom had a family history of 

dyslexia. Although they reported PA as a longitudinal predictor of reading skills in pre-reading 

children, this effect was only observed at a time point where RAN was not measured. At the other 

two time points, in which RAN was measured, PA did not show any effect above LK and RAN. 

Moreover, differences in sample composition between their study and ours likely had consequences 

for the findings. The Finnish sample was enriched by children with a family risk of dyslexia, while the 

present study was composed of an unselected sample of children.  
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The sum of evidence from longitudinal studies on transparent orthographies, casts doubt on 

a universal role for PPA as predictor of reading acquisition. Nevertheless, we should ask if PPA has 

any role to play in such reading acquisition. Landerl and colleagues (2019) have put forward an 

account based on their results from a crosslinguistic longitudinal study of preliteracy skills in English, 

French, German, Dutch, and Greek. Having found a complex pattern of prediction across 

orthographies, they propose that PA in more transparent orthographies may develop as a co-

requisite rather than as a prerequisite of reading acquisition. We believe that a dynamic interplay 

between PPA and LK can accommodate the observed pattern. Following Mann and Wimmer’s (2002) 

thesis, in line with the proto-literacy hypothesis (Barron, 1991), “phoneme awareness must be 

triggered by something above and beyond the experiences that are sufficient to support primary 

language development” (2002, p. 676). That “something” might come from explicit letter 

name/sound instruction or from explicit phonological awareness activities. In the former case, at an 

initial point in time, we should see LK as a main predictor of future decoding and none or only a 

small unique contribution from PPA. In the latter, we would see a main role for PPA. From an 

interactive LK-PA standpoint (Hulme et al., 2005; Kim et al., 2010; Piasta & Wagner, 2010) both skills 

should develop later on. This account would seem to suggest that the differences observed in 

prediction patterns for decoding are just a matter of differences in kindergarten instruction or home 

literacy environments across countries. However, a further point can be made. When both skills are 

present, their relative contribution differs across orthographies based on the amount of information 

they convey (Vousden, Ellefson, Solity, & Chater, 2011). In less transparent orthographies, where the 

number of phonemes tends to be larger than the number of letters, thus requiring more complex 

graphemes to represent them, the ability to identify and manipulate phonemes (i.e., PA) has a larger 

explanatory value than knowing the letters. In such orthographies, knowledge of letter sounds is not 

enough to correctly sound out words. Therefore, in a predictive model, both skills will contribute 

significant and independent amounts of variance to explaining early reading acquisition. On the 

contrary, in more transparent orthographies, given the almost one to one mapping between 
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graphemes and phonemes, letter sounds are virtually equivalent to the phonemes they represent. 

As pointed out, in reference to Finnish, “Because the Finnish language is so transparent, letter sound 

knowledge and phonemic awareness are near synonymous, and consequently, once mastery of the 

alphabetic principle, i.e., sounds of the letters, has been achieved, reading is underway” (Lyytinen, 

Erskine, Hämäläinen, Torppa, & Ronimus, 2015, p. 334). In this case, LK indexes children’s ability to 

identify phonemes, thus replacing PA as a main contributor to later reading acquisition. What we 

measure as LK includes in part what we measure as PA.  

In sum, the unique contributions of PA and LK as longitudinal predictors of decoding abilities 

are the result of a combination of kindergarten instructional practices, the home literacy 

environment and the differential information content contributed by LK and PA across 

orthographies. In a transparent orthography, a child with good LK, good memory, and good lexical 

access (i.e., RAN), only needs to learn to synthesize to be able to decode words, whereas this is not 

enough in an opaque orthography, and the child still needs to refine her knowledge of the grapheme 

– phoneme mappings, as it is not one-to-one. That is why in more transparent orthographies reading 

and PA develop concurrently (and those children are excluded from our prediction), whereas there is 

an intermediate step of good PA and letter knowledge of non-readers in more opaque 

orthographies. 

PA Tasks: Response Format and Procedure  

An additional difference between this and previous studies is the operationalization of PA. 

Probably, the most critical difference stems from response formats. The PA construct is frequently 

measured through verbal responses, while in our tasks all responses were given in a multiple-choice 

format. Two points need to be considered when analysing this difference. First, despite the change 

in response format, we successfully replicated the developmental trajectories and the difficulty 

pattern reported in previous studies, both within and across testing times. Second, as stated before, 

Cunningham and colleagues (2015) have shown that producing a verbal response explains unique 
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variance in the PA-reading relation, above and beyond that explained by comparison measures (the 

same task) with no verbal response. Clearly, this additional dimension of PA is lacking in our study. 

However, we see no reason, in principle, to include a verbal response as part of the core construct of 

PA. Also, by displaying response options on screen (and accompanying auditory stimuli with a visual 

representation) we have substantially decreased the memory load involved in solving the task. Thus, 

the response format used helps separate PA from speech production and memory.  In this way, our 

PA tasks are tapping into the PA construct, albeit through a different measurement than usual. 

PA and Verbal Short-term Memory 

A surprising finding from this study was the relevant role that pre-reading vSTM plays in the 

prediction of decoding skills. We originally included vSTM as a covariate, in order to control for the 

large memory load that PA tasks place on participants. However, as stated earlier, vSTM belongs to 

the broader construct of phonological skills important for reading acquisition, which includes PA and 

RAN in addition to vSTM. Hence, vSTM it is sometimes treated as a preliteracy skill per se (Moll et al., 

2014; Ramus & Szenkovits, 2008; Torgesen et al., 1994), sometimes treated as a covariate (Caravolas 

et al., 2012; Furnes & Samuelsson, 2010; Puolakanaho et al., 2007; Vaessen et al., 2010), and 

sometimes treated as a single phonological construct together with PA (Wagner & Torgesen, 1989; 

Knoop-van Campen, Segers, & Verhoeven, 2018; Martinez Perez et al., 2012; Moll et al., 2014). The 

present results suggest that vSTM predicts reading skills above and beyond other preliteracy skills 

and other general cognitive factors. We argue that this result can be explained by the underlying 

cognitive operations involved in learning to read in a transparent orthography. As stated before, 

given the almost one to one mapping between graphemes and phonemes, and thus the strong 

information content of letter sounds, converting each grapheme into its corresponding phoneme is 

almost trivial when there is advanced knowledge of letter sounds. Once this first step has been 

achieved, the next most critical operation is maintaining these letter sounds in memory to blend 
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them. Thus, in more transparent orthographies, strong letter knowledge and memory skills are 

paramount for successfully acquiring early reading skills. 

Limitations 

Languages vary not only in their orthographic consistency but also in properties of the oral 

language itself, such as the rhythm of their syllabic structure. It is possible that these, less explored, 

properties also influence the development of PA and thus the PA-reading relation. For example, 

rhythmic properties vary in stressed-timed languages and syllable-timed languages, such as English 

and Spanish, respectively. Rhythm, in turn, has recently been given more attention in defining the 

process of speech segmentation, which, in turn, affects the development of phonological skills 

(Wood & Connelly, 2009). While these linguistic properties have been much less explored, a 

provocative study across six alphabetic orthographies varying in consistency, syllabic structure, and 

rhythm found rhythm explained differences in the development of phonological awareness better 

than orthographic consistency (Duncan et al., 2013). The role of these other linguistic properties 

should be further explored in order to better understand how they interact with orthographic 

consistency to modulate the development of PA and reading acquisition.  

A second limitation is the lack of information acquired on teaching practices. While 

assessment of teaching practices was beyond the scope of the present study, there is large 

variability in the methods used for teaching reading in Uruguay. We are aware that variations in 

teaching methods might impact both the development of PA skills and the PA-reading relation. As 

mentioned before, it might underlie the little development of PA skills in K5. Including teaching 

practice as an additional variable in our model might shed further light on the conditions under 

which PPA uniquely contributes to reading acquisition and how this is modulated by teaching 

practices. 

Finally, an additional factor that needs to be considered is the fact that children were tested 

in groups, which could lead to less focused attention and, consequently, impaired understanding of 



            REVISITING PRE-READING PHONOLOGICAL AWARENESS                                             31 

the instructions. However, the reliability of the tasks, the correlation matrix, and the developmental 

trajectories observed, suggest that children did understand the instructions and tried to complete 

each task to the best of their capacity.  

To summarise, we found that in a transparent orthography, among children who had not yet 

developed reading, PPA does not make a unique contribution to the prediction of later reading 

acquisition, that is, when other variables such as letter knowledge, memory and RAN are included. 

These results cannot be explained by measurement error in PA, as has been cautioned with respect 

to previous studies. Instead, we found that the strongest contributors to decoding were RAN, LK 

(and vSTM), while the strongest contributors to fluency were RAN and LK. We propose that a 

delayed developmental trajectory for PA, a strong role for vSTM, and a dynamic interplay between 

LK and PA —influenced by home literacy and educational practices as well as the intrinsic 

characteristics of the orthographic system— can accommodate these and previous results.   
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