Bilingual (Irish-English) phonemic awareness: language-specific and universal contributions
[bookmark: _Hlk147478838]This paper examines the construct of bilingual phonemic awareness in Irish-English bilinguals. Though traditionally viewed as a skill or ability which transfers across languages, recent accounts have considered whether phonemic awareness has a language-specific component. This study used a cross-sectional design to examine this question. A total of 345 students in Irish immersion schools and in schools in Gaeltacht (Irish-speaking) areas took part in the study and were administered Phoneme Deletion and Phoneme Matching in both Irish and English. Results demonstrate (i) a low correlation between Phoneme Matching and Phoneme Deletion scores within each language (ii) a significant difference between Phoneme Matching scores in Irish and English, but no significant difference in Phoneme Deletion scores in each language (iii) that orthographic representations influence performance on Phoneme Matching tasks in both Irish and English, and (iv) that participants demonstrate a low level of accuracy on velarised-palatalised phonemic contrasts, which are specific to Irish. Overall, this paper concludes that bilingual phonemic awareness is a multidimensional – rather than a unitary – construct. It has both a metalinguistic and epilinguistic component, and is likely influenced by linguistic, sociolinguistic and educational factors. The practical implications for dual-language education are discussed. 
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Introduction
This paper examines the construct of bilingual phonemic awareness in speakers of Irish (Gaelic) and English in the first, second and third year of schooling. In this paper, the extent to which phonemic awareness can be viewed as a multidimensional construct which has both language-specific and language-universal influences, and which measures aspects of the domains of phonology and orthography, is examined. 
Phonemic awareness (PA) is considered a language-universal skill which transfers across languages regardless of typological differences in bilinguals (Chung et al, 2019). This position is in part informed by studies which demonstrate that phonemic awareness is a cross-language predictor of literacy attainment (e.g. Gottardo & La France, 2005; Haigh et al, 2011). It is also supported by evidence derived from factor analysis of bilinguals’ scores on phonological awareness tasks which indicate that bilingual phonemic awareness is a unitary construct (e.g. Branum-Martin et al, 2006), as well as evidence from meta-analyses e.g. (Melby‐Lervåg & Lervåg, 2011; Branum-Martin et al, 2012) which demonstrate moderate-high correlations between bilingual measures of phonological awareness. 
Saiegh-Haddad and colleagues (2010, 2019), however, contend that there is both a language-specific and language-universal component to phonemic awareness in an L2. This position is informed by the differential performance of bilinguals on phonemic awareness tasks in each of their languages (e.g. Saeigh-Haddad, 2007) as well as data demonstrating challenges in discriminating between and spelling novel L2 phonemes (Wang & Geva, 2003). A deeper look at meta-analytic evidence also demonstrates that findings are not consistent or uniform across languages. Though a moderate[footnoteRef:1] (r = .60) correlation was obtained between PA in each of a bilingual’s languages in Melby‐Lervåg and Lervåg’s (2011) meta-analysis, there was significant and large variation in the correlations between different language pairs. Similarly, Branum-Martin and colleagues (2012) found substantial variation across studies in terms of correlations between L1 and L2 PA,  from a low correlation (r = .39) in Mandarin-English and Hebrew-English language pairs to a high correlation (r = .86) in French-English language pairs. Compounding this, a follow-up study by Branum-Martin and colleagues (2015) which attempted to fit both single factor and two factor confirmatory models obtained mixed results across languages. It was found that studies of Korean-English bilinguals could be represented by a single, cross-language factor. Findings pertaining to Spanish-English, Cantonese-English, Greek-English and Cantonese-English studies were less clear however with either mixed findings across studies or two-factor models better fitting the data.  [1:  While recognising that the interpretation of correlation coefficients varies depending on context, we use the following as a guide following Hinkle and Wiersma (2003): .00-.03 – negligible; .30-.50 – low; .50-.70 – moderate; .70-.90 – high; .90-.1.00 – very high.] 

This most recent meta-analysis (Branum-Martin, 2015) does not claim consensus on the nature of PA as a language-universal construct and instead encourages research on the topic in languages other than those which have already been studied. The conceptualisation of bilingual PA as language-universal is important not only theoretically but practically. For example, working under the assumption that PA is largely language universal, teachers may underestimate the importance of teaching language-specific phonemic contrasts -  which may exist in one language but not another - to early bilingual readers. This is a vital consideration in the Irish context in which – despite the relative transparency of the Irish orthography – immersion and Gaeltacht pupils typically have higher attainment in English than in Irish literacy (Parsons & Lyddy, 2016). 

Epilinguistic and Metalinguistic PA 
Saeigh-Haddad’s conceptualisation of bilingual PA builds on an existing distinction between epilinguistic and metalinguistic phonemic awareness; metalinguistic PA is concerned with the ability to manipulate units (phonemes/syllables) in speech, while epilinguistic PA is concerned with making phonological judgements which are intuitive in nature (e.g. Duncan et al 1997; Saiegh-Haddad, 2007, 2019).
In the present study, we operationalise epilinguistic PA using a Phoneme Matching task in which the participant hears a pair of words and is asked to indicate whether the initial phoneme in each pair is the same or different. Yopp (1988)  classified such a matching task as an assessment of simple phonemic awareness, requiring a participant to make a judgment on a phoneme but not requiring any  operation (e.g. segmentation, deletion) to be performed on it. The selection of a Phoneme Matching task is in keeping with Saiegh-Haddad’s (2007: 390) interpretation of epilinguistic PA which is “observed in spontaneous intuitive phonological judgments and to be based on overall global similarities between words, as in sound recognition tasks that require similarity judgments”. In the same study, Saigh-Haddad operationalises epilinguistic PA using a task which required participants to state whether or not words began with a given consonant phoneme. 
Contrasting with this, we operationalise metalinguistic PA using a Phoneme Deletion task. This is a compound phonemic awareness task which requires a participant to listen to a stimulus and perform an operation on a given phoneme within the stimulus (Yopp, 1988). This is in keeping with Saeigh-Haddad’s (2007: 390) interpretation of metalinguistic PA which requires the implementation of “conscious operation on ‘systematically represented knowledge’ (Gombert 1992: 10)”. In the same study. Saeigh-Haddad operationalises metalinguistic PA using a task which requires the participant to listen to a stimulus and isolate the final phoneme. 
It is worth noting that the extent to which a task type requires the use of language-specific awareness is likely to vary across language pairs. In the Irish context, we considered that Phoneme Deletion would require similar abilities in both Irish and English, given that both languages are represented by an alphabetic orthography. This contrasts, for example, with findings from Hebrew which is represented by a CV-based abjad (Saiegh-Haddad & Henkin-Roitfarb, 2014). 
While the distinction between epilinguistic and metalinguistic is made here, recent meta-analyses (Melby‐Lervåg & Lervåg, 2011; Branum-Martin et al, 2012) of bilingual PA did not provide analyses of various task types. The latter meta-analysis by Branum-Martin and colleagues did attempt (2012) to examine the effect of various task types on the strength of cross-linguistic correlations, however the models did not have significant estimates. The present study seeks to investigate differences in cross-linguistic relationships between (i) Phoneme Matching, intended to measure epilinguistic awareness and (ii) Phoneme Deletion, intended to measure metalinguistic awareness, in a cohort of Irish-English bilinguals. This is the first study of phonemic awareness in this population.

The role of orthography in PA
Another dimension which should be considered in conceptualising bilingual phonemic awareness is the influence of orthography on phonemic representations. Phonemic awareness is not a pure measure of the awareness of the sound structure of language; it is evident that people are influenced by the orthography of the language both in tasks which are more metalinguistic in nature (e.g. Phoneme Deletion; Castles et al, 2003) and those which are epilinguistic in nature (phoneme identification; Castles et al; 2011). Indeed, fMRI evidence attests that orthographic representations are active when young children complete phonological awareness tasks (Wang et al, 2018). It has also been demonstrated that the use of an orthographic strategy in phonological awareness tasks is associated with higher levels of literacy attainment (Stuart, 1990). 
Accurately conceptualising what phonemic awareness tasks measure is of theoretical importance, as they have been used to inform the theory that dyslexia arises from a phonological deficit (e.g. Wagner & Torgesen, 1987; Szenkovitz & Ramus, 2005). As such theories are used to inform interventions for dyslexia, this issue is also of practical importance. Given that PA tasks tap orthographic representations, it may be more likely that dyslexia is – as suggested by Blomert (2011) – a  binding issue. In this view, dyslexia arises from an issue in relation to the binding of orthographic representations (e.g. a grapheme or written word) with phonological representations (e.g. a phoneme or spoken word). Indeed, previous studies indicate that people with dyslexia show a reduced response to letter-sound integration compared to their peers without dyslexia (Blau et al, 2009, 2010), and that brain activation relevant to audiovisual integration explains a large amount of variation in reading performance  (Blau et al, 2010, Yang et al, 2020). The present study examines the effect of orthographic opacity on performance in phonemic awareness tasks. 

Bilingual phonemic awareness in the Irish context
The Irish context is an interesting context in which to investigate language-specific phonological and orthographic influences on bilingual phonemic awareness. The linguistic structures of Irish and English differ substantially from one another, however they are taught alongside each other in the Irish education system. Though the majority of children in Ireland complete their schooling through the medium of English and study Irish as a subject,  some (approximately 7%; Department of Education and Skills, 2022) attend Irish-medium schools in which all subjects are taught through Irish. Some of these schools are located in Gaeltacht areas on the western seaboard of Ireland, in which Irish is the language of the community. Many more are immersion schools located in English-speaking  areas in which children typically learn Irish as a second language. 
In terms of orthographic depth (Katz & Frost, 1992), Irish is shallower than English.  Separating complexity from predictability or consistency, in line with Schmalz et al (2015), Irish is high in complexity due to having many context-dependent rules and multi-letter graphemes, however is it very predictable and typically adheres to established rules (Stenson & Hickey, 2016).
Perhaps the most striking feature of Irish phonology – and one which is essential for understanding the writing system – is the series of palatalised-velarised consonants (Ní Chasaide, 1999). Many of these consonant contrasts (e.g. /lʲ-/lˠ/) are allophones in English, and as such could easily be assimilated to the nearest phonetic category (/l/) in English by bilingual speakers. These consonant contrasts often have a high functional load in Irish, differentiating lexical items and marking the number and case of nouns (Ní Chasaide, 1999; Ní Chiosáin & Padgett, 2012). However, new speakers of Irish – which includes those who attend immersion schools - may not produce these contrasts reliably (Snesareva, 2017). Saeigh-Haddad (2019) contends that two factors – L2 oral language proficiency and L1-L2 distance – play a role in bilingual phonological awareness. In particular, she suggests that novel phonological units in an L2 will be more challenging to access than non-novel units, and that L1-L2 differences in underlying phonological representation affects phonemic awareness. This latter claim in particular is investigated in the present study, both in a general way through the comparison of scores on phonemic awareness tasks in Irish and English and in a specific way through the examination of awareness of phonemic contrasts in Irish which are non-contrastive in English.
Phonemic awareness requires an explicit awareness of the sound system; even those who reliably produce these contrasts (indicating an implicit awareness of the sound structure of Irish) may not be explicitly aware of them. This is in part due to their opaque representation in the orthography. Both consonant phonemes (e.g. /lʲ/ and /lˠ/) are represented by the same grapheme (e.g <l>), and the neighbouring vowel letter distinguishes one from the other. Palatalised consonants are neighboured by <e> or <i> graphemes, while velarised consonants are neighboured by  <a>, <o> or <u> graphemes. As such, vowel letters have two distinct functions in Irish; the first is to represent a vowel target phoneme of the syllable nucleus and the second is to mark of the quality of a neighbouring consonant. Given, the effect of orthographic representations on phonemic awareness tasks (e.g. Castles et al 2003, 2011; Stuart, 1990), this opaque representation of phonemic contrasts may affect performance on such tasks. Though opaquely represented using the same consonant grapheme, consonants are very predictably represented in the Irish orthography.  
The consonant-vowel (CV) unit in particularly cohesive in Irish. The consonant quality can heavily influence the adjacent vowel; in the case of long vowels, diphthongal glides are audible when a palatalised consonant neighbours a back vowel, or a velarised consonant neighbours a front vowel, owing to the change in tongue position (Ní Chasaide, 1999). While the CV unit is similarly cohesive in Russian (e.g. Kerek & Niemi, 2012) and Hebrew (e.g. Saiegh-Haddad, 2019), the Hebrew and Russian orthography also makes this interdependence clear. In contrast, this interdependence is not evident in the Irish orthography. Another aspect of the consonantal systems of Irish and English relevant to the present study is the presence of consonant clusters in both initial and final positions in both.
While Irish is a relatively regular and predictable orthography compared to English, in order to take advantage of this regularity it is necessary to have access to the grapheme-phoneme rules. In this light, a further contextual consideration is that whole-word methods of reading instruction have often been used to teach Irish literacy though phonics instruction is used in English (Stenson & Hickey, 2014). There is anecdotal evidence, however, that this practice is changing in recent years. Given that phonemic awareness is influenced by reading instruction methods (Bruck & Genessee, 1995), this may add a further layer to the context-specific nature of bilingual PA. 
The aim of this paper is to examine the construct of bilingual phonemic awareness in Irish-English bilinguals, a topic which has not yet been studied. 

Research Questions 
The research questions examined in the paper are as follows: 
Research Question 1: Does a significant difference exist between scores on Irish and English tasks of (i) Phoneme Matching, and (ii) Phoneme Deletion in Irish-English bilinguals? 
Prediction 1: We predict that a significant difference will be established in scores on the Irish and English Phoneme Matching tasks, which we consider a measure of eplinguistic awareness, in favour of English. We predict that no significant difference will be found between scores on the Irish and English Phoneme Deletion task - intended to measure metalinguistic awareness - as it is considered that their representation at the phoneme level in each orthography facilitates a similar capacity to delete a single phoneme from a word.

Research Question 2: Is there a higher correlation between scores on Irish and English versions of the Phoneme Deletion task, compared to the Phoneme Matching task?
Prediction 2: We predict a higher correlation between scores on the Irish and English versions of the Phoneme Deletion task, designed to measure metalinguistic phonemic awareness, than on the Phoneme Matching task, designed to measure epilinguistic phonemic awareness. 

Research Question 3: Is there evidence of orthographic effects on responses to the Phoneme Matching task?
Prediction 3: We predict that the accurate identification of orthographically transparent items will be significantly higher than the identification of orthographically opaque items, and that this will hold in both the matching condition and the mismatching condition, and occur in both Irish and English. 

Materials and methods
This study was approved by the Ethics Committee of Trinity College Dublin under the application identifier HT42.
Sampling 
A total of fourteen schools were invited to take part in this study. The selection of schools involved first identifying one large Gaeltacht area with a sufficient number of schools as well as one large urban area with a sufficient number of immersion schools. Though the rural location of the Gaeltacht schools is dissimilar to the urban location of the immersion schools, this reflects the most typical situational context of Gaeltacht and immersion schools respectively. Secondly, schools were selected which had larger student numbers (>100 pupils); this criterium was used in order to identify larger Gaeltacht schools and to avoid a situation of having a large number of participating Gaeltacht schools with very few participants per school which may increase between-subject variability.  
Each school was sent a letter and the first four immersion schools – as well as the first two Gaeltacht schools – to respond were included in the study. All of these schools are mixed-sex schools and all introduce Irish literacy instruction first (in Grade 1) before introducing English literacy instruction at the end of Grade 2 or beginning of Grade 3. All students in Grade1, 2 and 3 were invited to take part. The SES of each of the six schools was estimated using the HP Pobal Deprivation Index. The SES of each school’s catchment areas differed from one another, with two whose catchment area are described as affluent, one as disadvantaged, two as mixed in terms of SES and one marginally above average. 
Due to the limited number of schools who met the criteria for the study it was not possible to match schools for SES, instead SES is included in the analyses conducted below. To this end, schools in areas described as ‘disadvantaged’ or ‘mixed’ are included in a single category called Lower/mixed SES, while schools in areas labelled ‘above average’ or ‘affluent’ are included in a single category called Higher SES. SES was included as a between-subject effect in the analyses carried out in the present study.
Participants 
A total of 345 participants (53% female), including 105 Grade 1, 115 Grade 2 pupils and 125 Grade 3 pupils, took part in this study. The participation rate was higher overall in the Irish immersion schools (73%) compared to Gaeltacht schools (42%). In Grade 1 and 2, the mean age of students in Irish immersion and Gaeltacht schools was the same (5 years and 3 months for Grade 1 participants; 6 years and 3 months old for Grade 2 participants). The mean age of students in Grade 3 was 7 years and 2 months in Irish immersion schools, and 7 years and 3 months in Gaeltacht schools. Parents or guardians filled in a survey in relation to the child’s language and educational background. 
All of the participants had attended at least one year of pre-school education. This is not unusual as one free year of pre-school education was introduced in Ireland in 2010, and this was increased to two free years in 2018 (Government of Ireland, 2019). The majority of participants (56%) attended an Irish-medium preschool, while 34% attended an English-medium pre-school. A small percentage (9%) indicated that they attended both an Irish-medium and an English-medium pre-school (data was not collected in relation to the length of time spent in each). A very small minority (1%) attended a pre-school in a language other than Irish or English. In the analyses conducted in the present study, language of pre-school education was included as a between-subject effect with 4 categories: Irish, English, Irish and English or Other.
 In relation to early literacy instruction in early childhood in Ireland, The National Council for Curriculum and Assessment (2017) in Ireland have published an Early Childhood Curriculum which makes references to children exploring sounds but does not address phonological awareness in a systematic way or make any reference to cross-language differences between Irish and English. Previous research also indicates that the extent to which Irish is maintained as the medium of communication in Irish-language pre-schools is dependent on the proportion of native speakers of Irish in the early education setting (Hickey, 2001). 
In terms of language background, the parents of the majority of students in Irish immersion schools reported being native speakers of English; just 10% of participants had a parent who identified as either a native speaker of Irish or a native speaker of both Irish and English. In contrast, 92% of the participants from Gaeltacht schools had at least one parent who reported to be a native speaker of Irish.  Paralleling this, parents in Irish immersion schools most commonly reported that they always or very often spoke English to their child at home, while parents in Gaeltacht schools most commonly reported that they always or very often spoke Irish to their child at home. 
Procedure 
The study was carried out in the participating schools. The data for the present sample was collected between January and April of the school year (data was collected first from Grade 3 participants, then from Grade 2 participants and finally from Grade 1 participants). Written consent was obtained from all parents/guardians and oral assent was obtained from all of the participants themselves. 
The Phoneme Matching and Phoneme Deletion tasks were carried out on a Samsung Galaxy Tab A with noise-cancelling headphones. Each task was framed as a game, with the goal of helping a character in the game. The participant was given instructions and the tasks included a small number of practice items. 
Each language version of the task battery took 15-20 minutes for the Grade 1 and 2 pupils and 20-25 minutes for the Grade 3 pupils who had an additional spelling task. Each of the language versions were carried out with the participant during the same school day at least 2 hours apart from one another. Approximately half of the participants undertook the English language version of the task battery first, while half undertook the Irish version of the task battery first. 
Research Instruments 
The research instruments used were designed for this study. This decision was taken due to the lack of suitable equivalent instruments available for examining Irish and English phonemic awareness in bilinguals, and also in order to target specific aspects of each language which are of interest in the present study. The aim was to develop equivalent measures in Irish and English, and their design was guided by the International Test Commission Guidelines for Test Translation and Adaptation (Muñiz et al, 2013). 
The tasks were pre-tested on two occasions with two separate cohorts of children in Grades 1, 2, 3 and 4. Note that we use the term pre-testing here as the aim was the refinement of the tasks, which we contrast with the term piloting which would have seen the implementation of the final versions of tasks as well as an analysis of the pertaining data. A non-participant observation design was used to pre-test the tasks, in which the first author observed the participants interacting with the tasks. The focus was on the appropriateness of task types in the first pre-test, and then on the suitability of individual items in the second pre-test. Note that the children who participated in the pretests were not included in the present study, and neither were any children from the schools they attended.
Phoneme Matching task 
The Phoneme Matching task is designed to measure the epilinguistic component of phonemic awareness, as described in the literature review. This task requires the participant to indicate whether a pair of words start with the same phoneme or with different phonemes. Note that these pairs of words are not minimal pairs. It contained a total of 24 stimuli pairs in each language; 16 of which were consonant-initial stimuli and 8 of which were vowel-initial stimuli. The Irish and English versions are matched for the number of syllables in each pair. The English version contains 21 concrete nouns and 3 common adjectives while the Irish version contains 19 concrete nouns and 5 common adjectives. In each case, the stimuli are easily-visualised and are found in school books commonly used by Grade 2 and 3 pupils in Irish-medium schools. Guttman’s λ 4 split-half reliability coefficient was .74 for Irish Phoneme Matching task and .74 for English.
The stimuli in this task were carefully chosen. There were four consonant conditions in the Irish task: (i) matching initial consonant-vowel unit (ii) matching initial consonant unit (iii) mismatching velarised-palatalised consonants and (iv) mismatching phonemes. Each of the conditions (i) – (iv) contain four pairs of items, providing a total of 16 items. Note that condition (iii) is of particular interest as it contains the palatalised-velarised consonant contrasts as it has previously been found that new speakers of Irish may not produce these contrasts reliably (Snesareva, 2017). In this mismatching condition, the vowel phoneme which neighbours the initial consonant is the same for each item in a given palatalised-velarised pair (/i:/ in the sample pair in Table 1 below). This decision was made as, within each palatalised-velarised pair of items, it is in the context of the same vowel that the distinction should be most readily discerned. This is due to the fact that when a palatalised consonant neighbours a back vowel – or when a velarised consonant neighbours a front vowel – a strong diphthongal glide is audible owing to the change in tongue position. The distinction should be more readily discerned in the context of the same vowel as a diphthongal offglide is audible in one of the items in the pair (after the velarised consonant in the context of /i:/ in the sample pair in Table 1), and not the other item in the pair (there is no offglide heard after the palatalised consonant in the context of /i:/ in the sample pair in Table 1 due to the lack of movement in tongue position in the context of this front vowel).
Note that in order to mirror this in the matching condition (i) also contains a matching consonant-vowel unit. 
TABLE 1 HERE
Four different orthographic conditions were included in the English task. Of the two matching conditions, the first (i) is orthographically opaque (different letters, same phoneme) while the second (ii) is transparent (same letter, same phoneme). Of the two mismatching conditions, (iii) is opaque (same letter, different phonemes), while (iv) is orthographically transparent (different letters, different phonemes). Note that condition (iii) (same letter, different phonemes e.g. giraffe, garden) mirrors that of the velarised-palatalised consonantal contrast in Irish. The inclusion of these orthographic conditions allows for an examination of the influence of orthographic opacity on phonemic awareness. As mentioned, condition (iii) is of particular interest as it allows for comparison with the Irish velarised-palatalised consonant contrast condition and discussion of the extent to which orthographic opacity plays a role in the participants identification of the velarised-palatalised consonant contrasts as distinct from one another. Note that there is no parallel for condition (i) in the Irish version of the task, as Irish is consistently represented in this regard (phonemes typically correspond to just one grapheme).
TABLE 2 HERE
Phoneme Deletion task 
The Phoneme Deletion task is designed to measure the metalinguistic component of phonemic awareness, as described in the literature review. This task requires the participant to delete a phoneme from initial or final position in a word. There were a total of 12 stimuli in this task with three conditions. In the first condition, a single initial phoneme is deleted; in the second condition, an initial phoneme is deleted from a consonant cluster; in the final condition, a phoneme is deleted from final position.  
The Irish and English versions are matched for the number of letters and phonemes where possible, though a small number are only matched for the number of letters. The number of stimuli in which the target word is a real word (e.g. hair without the /h/ is air) – as opposed to a nonword - is matched in the Irish and English version of the tasks. Finally, the stimuli were chosen to be familiar to children and each version contains 11 concrete nouns and 1 pronoun. Guttman’s λ 4 split-half reliability coefficient was .82 for the Irish version of the task and .84 for the English version of the task. 
Data Analysis
IBM Statistics SPSS 27 was used to analyse the data. Repeated measures ANOVAs (RMANOVAs) were used to compare (i) scores on the Irish and English Phoneme Matching tasks (Grades 2 and 3) (ii) scores on the Irish and English Phoneme Deletion tasks (Grades 2 and 3) (iii) scores on the various subconditions on the Phoneme Matching task (Grades 1, 2 and 3). In the case of each of the repeated measures ANOVA analyses, the demographic variables of (i) Gender (male/female) (ii) Grade (1/2/3) (iii) School Type (Irish immersion/Gaeltacht school)  (iv) Language of Pre-school Education (Irish/English/Irish and English/Other) and (v) Socioeconomic Status (Higher SES/Lower or mixed SES) were included as between-subject effects. A correlationary analysis was also conducted of Grade 2 and 3 Phoneme Matching and Phoneme Deletion scores in both Irish and English. 
Results
Cross-linguistic phonemic awareness
TABLE 3  HERE
Descriptive statistics
Table 3 shows the mean scores for each grade and school type. In Irish immersion schools, mean scores on the Phoneme Matching task are higher in English than in Irish in Grade 1, 2 and 3. In Gaeltacht schools, the mean score on the Phoneme Matching task is marginally lower in English (M = 15.57, SD = 4.86) than in Irish in Grade 1 (M = 15.68, SD = 4.67). However, the trend in mean scores in Grade 2 and 3 mirrors that of participants in Irish Immersion schools, with English mean scores higher than Irish scores. The vast majority (92%) of participants in Gaeltacht schools have at least one native speaker parent and report high frequency of communication through Irish; as such, this initial orientation towards Irish in Grade 1 is not surprising. 

Results of repeated measure ANOVA: Phoneme Matching
The cross-linguistic comparisons presented in this section pertain only to the Grade 2 and Grade 3 students, as Grade 1 students did not complete the Phoneme Deletion task. A RMANOVA was conducted with Phoneme matching scores on the Irish and English versions of the task as dependent measures, and with (i) Gender (male/female) (ii) Grade (1/2/3) (iii) School Type (Irish immersion/Gaeltacht school)  (iv) Language of Pre-school Education (Irish/English/Irish and English/Other) and (v) Socioeconomic Status (Higher/Lower or mixed) included as between-subject effects. Note that modified marginal means and estimated marginal mean scores are reported here as they are the means analysed in ANOVAs, they may differ from the raw means provided in Table 3.
The results indicate that there is a significant difference between the modified population marginal mean scores on the Irish (M = 17.21, SE = .23 ) and English (M = 19.17, SE = .25)  language conditions F (1, 239) =25.01, p < .001, η2 = .11. 
In relation to the demographic variables included as between-subject effects, there was a significant effect of Grade F (1, 239) = 16.67, p = < .001, η2 = .08 and of Pre-school Language F (3, 239) = 4.49, p = .004, η2 = .06. Posthoc tests using the Bonferroni adjustment indicate that the estimated marginal mean (EMM) score of Grade 2 pupils (M = 17.70, SE = .29) was significantly lower than that of Grade 3 pupils (M = 18.70, SE = .29, mean difference = -1.00 CI [-1.81, -0.19], P = .016. Posthoc tests using the Bonferroni adjustment indicate that the estimated marginal mean score of pupils who attended English-medium pre-schools was higher (M = 19.12, SE = .34) that those who attended pre-schools through both Irish and English (M = 16.89, SE = .57) mean difference = 2.23 CI [.46, 3.99], p = .006. No other pairwise comparisons were significant. 
While the initial analysis indicated a marginally significant effect of SES F (1, 239) = 3.89, p = .05, η2 = .02, posthoc tests using the Bonferroni adjustment revealed no significant effect of Higher SES (M = 18.34 SE = .28) and Lower/mixed SES (M = 18.01, SE = .31), mean difference = .32 [-.50, 1.14], p = .44. There was no significant effect of School Type F (1, 239) = 1.99, p = .160, η2 = .01, or gender F (1, 239) = 1.8, p = .181, η2 = 01. 

Results of repeated measure ANOVA: Phoneme Deletion
An RMANOVA was conducted with Phoneme Deletion scores on the Irish and English versions of the task as dependent measures, and with (i) Gender (male/female) (ii) Grade (1/2/3) (iii) School Type (Irish immersion/Gaeltacht school)  (iv) Language of Pre-school Education (Irish/English/Irish and English/Other) and (v) Socioeconomic Status (Higher /Lower or mixed) included as between-subject effects. Note that modified marginal means and estimated marginal mean scores are reported here as they are the means analysed in ANOVAs, they may differ from the raw means provided in Table 3.
In contrast to the previous finding, there is no significant difference between the modified population marginal mean scores on the Irish (M = 9.44, SE = .37) and English (M = 9.10, SE = .35) Phoneme Deletion tasks, F (1, 239) = 2.09, p = .149, η2 = .01.  There was no significant effect of Grade F (1, 239) = 2.03, p = .156, η2 = .01,  School Type F (1, 239) = 2.56, p = .111, η2 = .01, SES F (1, 239) = .69 , p = .407, η2 = .00, Gender F (1, 239) = .04 , p = .848, η2 = .00 or Pre-school Language F (3, 239) = .66, p = .59, η2 = .01. 
These results are in keeping with our prediction that there would be a significant difference in scores on the Irish and English Phoneme Matching tasks, and that there would be no difference in scores on the Irish and English Phoneme Deletion tasks. It is of interest that while scores on the Phoneme Matching task showed significant effects of (i) grade and (ii) language of pre-school education, Phoneme Deletion scores did not. 

TABLE 4 HERE
[bookmark: _Hlk143000584]A correlationary analysis is presented in Table 4 to examine (i) the relationship between Phoneme Matching and Phoneme Deletion scores within each language, and (ii) the relationship between Phoneme Matching and Phoneme Deletion scores across languages. While recognising that the interpretation of correlation coefficients varies depending on context, we use the following as a guide following Hinkle and Wiersma (2003): .00 - .03 – negligible; .30 - .50 – low; .50 - .70 – moderate; .70 - .90 – high; .90 - .1.00 – very high. 

The analysis indicates that there is a low correlation between Phoneme Matching and Phoneme Deletion scores within each language. There is a low positive correlation between Phoneme Matching scores and Phoneme Deletion scores in Irish (r =.39, p <.001), and a low positive correlation between Phoneme Matching scores and Phoneme Deletion scores in English (r =.39, p <.001). 

With regard to cross-linguistic relationships between constructs, it is evident that there is a stronger relationship between Phoneme Deletion scores than between Phoneme Matching scores in each language. There is a moderate positive correlation between Phoneme Matching scores in Irish and English (r = .52, p <.001), and a high positive correlation between Phoneme Deletion scores in Irish and English (r =.84, p <.001). This is in keeping with our prediction that the correlation between Phoneme Deletion scores – intended to measure metalinguistic awareness – would be higher than the correlation between Phoneme Matching scores, intended to measure epilinguistic phonemic awareness. 

TABLE 5 HERE

Examining the influence of orthographic representations: subconditions on the Phoneme Matching task

Descriptive statistics
Table 5 presents the mean score on each condition by school type and age. It is worth noting that the trend in almost all conditions indicates that higher mean scores are achieved in higher grades. The trend for the velarised-palatalised consonants in Irish is different however. In the immersion group, the highest mean score occurs in Grade 1 (M = 1.55, SD = 1.04) followed by Grade 2 (M = 1.15, SD = .98) and then by Grade 3 (M = .95, SD = .90.). This contrasts somewhat with the trend in the Gaeltacht participants; the highest score is achieved by the Grade 1 participants (M=1.82, SD = 1.37), the lowest score is achieved by the Grade 2 participants (M = .86, SD = .79) and the mean score in Grade 3 falls between the two (M = 1.30, SD = 1.08). 

Results of repeated measures ANOVA
An RMANOVA was conducted with the six conditions on the Irish and English Phoneme matching tasks as dependent measures, and with (i) Gender (male/female) (ii) Grade (1/2/3) (iii) School Type (Irish immersion/Gaeltacht school)  (iv) Language of Pre-school Education (Irish/English/Irish and English/Other) and (v) Socioeconomic Status (Higher /Lower or mixed) included as between-subject effects. Note that modified marginal means and estimated marginal mean scores are reported here as they are the means analysed in ANOVAs, they may differ from the raw means provided in Table 5.
There was a significant difference between the six different (orthographic and opaque) conditions on the Irish and English Phoneme matching task F (5, 345) = 40.31, p < .001, η2 = .12. 
Posthoc analysis of the within-language conditions indicates that there was not a significant difference between the orthographically transparent (M = 3.31, SE = .07) and opaque (M = 3.27, SE = .0) matching conditions on the English Phoneme Matching task, mean difference = .042 CI [-0.152, 0.24], p = 1.0. In contrast, there was a significant difference between the orthographically transparent (M = 3.61, SE = .07) and opaque (M = 2.81, SE = .08) mismatching conditions on the English Phoneme matching task in favour of the transparent condition, mean difference = .80 CI [0.57, 1.04], p < .001. Similarly, there was a significant difference on the orthographically transparent (M = 3.51, SE = .06) and opaque (M = 1.26, SE = .08) mismatching conditions on the Irish Phoneme matching task in favour of the transparent condition, mean difference = 2.25 CI [ 1.25, 1.85], p < .001. Note that this final condition examined the ability to distinguish between velarised-palatalised consonant contrasts compared to the ability to distinguish between other phonemic contrasts.  
A cross-linguistic comparison between the orthographically opaque mismatching conditions on the Irish (M = 1.26, SE = .08) and English (M = 2.81, SE = .08)  Phoneme matching task indicates that there is a significant difference in performance in favour of the English task, mean difference = 1.55 CI [1.25, 1.85], p < .001. 
These results are only partially in keeping with our prediction. In line with our prediction, the orthographically opaque mismatching condition had lower accuracy than the orthographically transparent mismatching condition in Irish and English. However, in contrast to our prediction, there was no significant difference between scores on the opaque and transparent matching conditions in English. Overall, these findings indicate that orthographic representations are likely to influence phonemic awareness and the accurate identification of phonemes. However, given that the Irish velarised-palatalised consonant contrasts were less accurately identified than similarly opaque mismatching pairs in English, it appears that there are one or more additional contributing factors to the low awareness of velarised-palatalised consonants in Irish. These factors are explored in the discussion. 
In relation to the demographic variables included as between-subject effects, there was a significant effect of Grade F (2, 345) = 6.08, p = .003, η2 = .04 and SES F (1, 345) = 10.38 p = .001 η2 = .03. However, there was no significant effect of gender F (1, 345) = 1.70, p = .193  η2 = .01, School Type F (1, 345) = .293, p = .589, η2 = .01, or Pre-school Language F (3, 345) = 2.39, p = .069, η2 = .02. 
Posthoc tests using Bonferroni adjustment indicate that there is a marginally-significant difference between Grade 1 (M = 2.77, SE = .07) and Grade 2 (M = 3.00, SE = .07) modified population marginal means in favour of Grade 2 participants, mean difference = -.23 CI [-.47, .001], p = .051, and a significant difference between Grade 1 (M = 2.77, SE = .07) and Grade 3 (M = 3.12, SE = .07) scores in favour of Grade 3 participants, mean difference = -35 CI [-.58, -.12], p = .001, but not between Grade 2 and 3 scores, mean difference = -.12 CI [-0.36, .13], p = .734. In relation to SES, posthoc tests indicate a significant difference between the estimated marginal means of the higher SES (M = 3.05, SE = .06) and Lower or mixed (M = 2.86, SE = .06) SES groups .1 CI [.033, .35], p = .02 in favour of the higher SES group. 

Discussion
The findings presented in this paper are consistent with Saiegh-Haddad’s (2019) conceptualisation of bilingual phonemic awareness: while there is a metalinguistic component to PA, there is also a linguistic component to PA which appears to be dependent on language-specific phonemic representations. Phoneme Deletion – which was intended to measure metalinguistic awareness - and Phoneme Matching - intended to measure epilinguistic awareness - appear to be separable constructs in Irish-English bilinguals, based on the low correlation between scores within each language. 
Phoneme Deletion appears to be largely language-universal in nature in these two languages which both use an alphabetic orthography, while Phoneme Matching has a larger language-specific component. This is evident based on comparisons of mean scores across languages; while there was a significant difference in mean scores on the Phoneme Matching task in Irish and English, there was no significant difference in mean scores on the Phoneme Deletion task in each language. Further evidence was provided by a correlationary analysis which indicated that there was a moderate correlation between Phoneme Matching scores in each language, and a high correlation between Phoneme Deletion scores in each language. The substantial difference in cross-linguistic correlations according to task type indicates that task type is a variable which should be taken into account in future studies and in meta-analyses. 
It is evident that orthographic representations influence phonemic awareness in Irish-English bilinguals, mirroring findings in single-language studies (e.g. Castles et al 2003, 2011). The findings from the English Phoneme Matching task suggest that orthographic representations had a significant influence in the mismatching but not the matching condition. For example, participants were significantly less accurate at identifying garden and giraffe (opaque) as starting with different phonemes, compared to jungle and puppy (transparent). However, they were not significantly less accurate at identifying gentle and jacket as starting with the same phoneme (opaque), compared to jacket and jewel (transparent). It is worth noting that seminal work in relation to phonemic awareness acknowledged both the phonological and orthographic influences on performance (Liberman, 1973).
This is particularly interesting when applied to Irish, as the velarised-palatalised consonant contrasts are represented in an opaque way in the orthography using the same consonant phoneme (the neighbouring vowel distinguishing between the velarised and palatalised consonants). The findings from the Irish Phoneme Matching task suggest that Irish-English bilinguals are less accurate at distinguishing between velarised-palatalised consonant contrasts, than they are at distinguishing between other phonemic contrasts. Mean scores on the velarised-palatalised consonant contrasts in Irish were compared to mean scores on the orthographically opaque mismatching condition in English (e.g. garden and giraffe), as these conditions mirror one another. It was found that participants had significantly lower scores on the Irish condition than on the English condition. Together, these findings indicate that (i) orthographic opacity plays a role in phonemic awareness and (ii) it is not the only contributing factor in the low accuracy in relation to the velarised-palatalised consonant contrasts in Irish. 
It is worth noting also that descriptive statistics indicate that participants from Irish immersion schools and from Gaeltacht schools showed different patterns of performance, particularly in Grade 1. In Irish immersion schools, mean scores on the Phoneme Matching task were higher in English than in Irish in every grade. In Gaeltacht schools mean scores were marginally higher in Irish in Grade 1, though mean scores for Grade 2 and 3 show a similar pattern to immersion schools. In addition, while the mean scores of participants in Irish immersion schools demonstrate a downward trend in identifying the velarised-palatalised consonants in Irish, those of participants in Gaeltacht schools showed a U-shaped trend. Mean scores were highest in Grade 1, lowest in Grade 2 and increased again in Grade 3. 
It is possible that this reflects a U-shaped learning curve which has previously been identified in phonological acquisition (e.g. Liu & Kager, 2017) and spelling acquisition (e.g. Juul & Elbro, 2004; Notenboom & Reitsma, 2017). This phenomenon occurs due to the adoption of a new processing approach which results in an overall improvement in performance, but also in poorer performance in a specific domain in which the new approach is inherently flawed (Siegler, 2004). In this case, the dip in performance in one domain (phonemic awareness) can be argued not to represent a regression, but rather a by-product of the development of orthographic awareness.  As this is not a longitudinal study, the evidence provided for a U-shaped curve in relation to Gaeltacht participants’ phonemic awareness is weak, though it could be explored in further research. Additionally, while these patterns in the data are of interest, it is important to note that there was no significant between-subject effect of school type established in any of the analyses.
This study supports Saeigh-Haddad’s (2019) specific claims in relation to the effect of L1-L2 distance on bilingual phonemic awareness. Saeigh-Haddad (2019) suggests that novel L2 phonemes will be less available than non-novel L2 phonemes, and that L1-L2 differences in underlying phonological representation affects phonemic awareness. The low attainment of immersion (Irish L2) participants on novel phonemes in Irish provides evidence in support of this claim. However, Gaeltacht participants also had low attainment on the same phonemes and it is proposed here that a complex set of linguistic, sociolinguistic and educational factors underpin this finding. 
From a linguistic perspective, the fact that the velarised-palatalised contrasts are allophones in English mean they may be less readily discerned than other phonemic contrasts for immersion students in particular. Additionally, their opaque representation in the orthography (with the same consonant grapheme, the neighbouring vowel distinguishing them) likely affects the perception of even L1 speakers who produce the distinction accurately. From a sociolinguistic perspective, students in Irish immersion schools may have little exposure to traditional or native varieties of Irish, and instead have exposure to post-traditional or new speaker varieties, in which these contrasts may not be reliably produced (Snesareva, 2017). Finally, from an educational perspective, even for students who are regularly exposed to native speaker varieties of Irish, the educational context may not emphasise phonics instruction in Irish. If students are primarily exposed to phonics instruction in English, it may further reinforce the opaque orthographic representation of the velarised-palatalised consonants in Irish (i.e. that one consonant sound corresponds to each consonant grapheme). 
A number of demographic variables were included as between-subject effects in the analyses, and the results indicate that gender and school type (Gaeltacht/immersion school) do not significantly interact with scores on Phoneme Matching and Phoneme Deletion tasks, or with scores on the orthographically transparent/opaque conditions on the Phoneme Matching task. Older students, however, has significantly higher overall mean scores on Phoneme Matching (Grade 3 > Grade 2). In addition, though it was found that there was no significant difference in overall Phoneme Matching scores between those who attended an Irish-medium pre-school and those who attended an English-medium pre-school, participants who attended English-medium pre-schools had a higher overall Phoneme Matching score than those who attended Irish-medium pre-schools for a period and English-medium pre-schools for a period. As only a small minority (9%) of participants fell into the latter group, this finding should be interpreted with caution. Though SES was not significant in analyses pertaining to overall phonemic awareness in Irish or English, it did emerge as a significant factor in the analysis on orthographic conditions, with participants in Higher SES schools having a higher level of attainment than participants in Lower/mixed SES schools. 

Conclusion
This study found that bilingual phonemic awareness has both an epilinguistic and metalinguistic component, and identified possible linguistic, sociolinguistic and educational influences. These findings have practical implications for bilingual literacy education, particularly where one language is a minority language. Firstly, it may be deleterious to consider phonemic awareness a skill which transfers easily across languages. Phonemic awareness education should be language-specific and focussed on the phonemic contrasts which are fundamental to understanding the orthography of the language. Particular attention should be paid to phonemic contrasts in one language which are allophones in another, as these contrasts may be less readily discerned by students. Finally, literacy screeners should include both metalinguistic tasks (e.g. Phoneme Deletion) as well as more fundamentally epilinguistic tasks (e.g. Phoneme Matching) in order to identify whether support is needed in relation to the epilinguistic  or metalinguistic aspect of phonemic awareness, or both. 
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Tables
Table 1. Examples of matching and mismatching stimuli on the Irish Phoneme Matching task.
	Matching
	Mismatching

	Unit of interest
	Stimulus
	Unit of interest
	Stimulus
	Unit of interest
	Stimulus
	Unit of interest
	Stimulus

	/dʲiː/ 
	dísle 
	/dʲ/ 
	dearg 
	/dʲi:/ 
	dísle 
	/dˠ/ 
	dochtúir 

	/dʲiː/ 
	dinnéar 
	/dʲ/ 
	deifir 
	/dˠi:/ 
	daoine 
	/mʲ/ 
	milseán 





Table 2.  Examples of matching and mismatching stimuli on the English Phoneme Matching task: orthographically opaque (OO) and transparent (OT) subconditions
	Matching
	Mismatching

	Unit of interest
	OO
	Unit of interest
	OT
	Unit of interest
	OO
	Unit of interest
	OT

	/dʒ/ 
	jelly
	/dʒ/ 
	jewel
	/g/
	garden
	/dʒ/
	jungle

	/dʒ/
	gentle
	/dʒ/
	jacket
	/ dʒ /
	giraffe
	/p/
	puppy
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Table 3. Mean scores and standard deviations on the Irish and English Phoneme Matching and Phoneme Deletion tasks by grade and school type. Note. SD = Standard 

	
	Immersion schools
	Gaeltacht schools
	

	
	Grade 1 (n = 83)
	Grade 2 (n = 94)
	Grade 3 (n = 105)
	Grade 1 (N=22)
	Grade 2 (N=21
	Grade 3 (N=20)

	English

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Phoneme Matching
	17.39
	3.93
	19.11
	2.82
	19.50
	2.49
	15.57
	4.86
	18.67
	2.48
	19.84
	2.54

	Phoneme Deletion
	
	
	7.90
	3.98
	9.54
	3.21
	
	
	7.52
	4.54
	11.32
	2.21

	Irish

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Phoneme Matching
	15.53
	4.12
	17.26
	2.62
	17.90
	2.24
	15.68
	4.67
	17.00
	2.12
	18.45
	2.11

	Phoneme Deletion
	
	
	8.10
	4.40
	9.84
	3.01
	
	
	7.52
	5.05
	11.80
	2.55







	
Table 4. Correlation matrix: Phoneme Matching and Phoneme Deletion scores for Grade 2 and 3 participants (n = 240). Note:**Correlation is significant at the 0.01 level (2-tailed). EN = English; GA = Irish

	
	Phoneme Matching (GA)
	Phoneme Matching (EN)
	Phoneme Deletion (GA)
	Phoneme Deletion (EN)

	Phoneme Matching (GA)
	1
	.52**
	.39**
	
.38**

	Phoneme Matching (EN)
	.52**
	1
	.36**
	.39**

	Phoneme Deletion (GA)
	.39**
	.36**
	1
	.84**

	Phoneme Deletion (EN)
	.38**
	.39**
	.84**
	1






	
	
	
	
	
	
	
	
	
	
	
	
	




Table 5. Mean scores and standard deviations for the conditions on the Phoneme Matching task by grade and school type. Note. SD = Standard. OO = Orthographically Opaque; OT = Orthographically Transparent.

	
	Immersion schools
	Gaeltacht schools
	

	
	Grade 1 (n = 83)
	Grade 2 (n = 94)
	Grade 3 (n = 105)
	Grade 1 (N=22)
	Grade 2 (N=21
	Grade 3 (N=20)

	Irish
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Match 
	2.61
	1.33
	3.40
	1.00
	3.57
	0.82
	2.64
	1.36
	3.62
	0.50
	3.60
	0.99

	Mismatch 
	3.33
	1.06
	3.65
	0.73
	3.82
	0.57
	3.27
	1.03
	3.57
	0.81
	3.85
	0.49

	Match (OO)
	2.96
	1.22
	3.46
	0.86
	3.59
	0.78
	3.18
	1.10
	3.81
	0.40
	3.80
	0.52

	Mismatch (OO)
	1.55
	1.04
	1.15
	0.98
	0.95
	0.90
	1.82
	1.37
	0.86
	0.79
	1.30
	1.08

	English
	
	
	
	
	
	
	
	
	
	
	
	

	Match (OT)
	2.84
	1.22
	3.54
	0.84
	3.68
	0.61
	2.59
	1.33
	3.38
	0.86
	3.30
	1.26

	Mismatch (OT)
	3.46
	1.06
	3.71
	0.68
	3.82
	0.68
	3.23
	1.38
	3.76
	0.54
	3.40
	1.35

	Match (OO)
	2.84
	1.14
	2.98
	0.90
	2.84
	1.07
	2.45
	1.37
	2.38
	1.02
	2.95
	1.10

	Mismatch (OO)
	2.90
	1.25
	3.50
	0.94
	3.56
	0.73
	2.18
	1.47
	3.71
	0.56
	3.45
	1.15



