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ABSTRACT 
 

Recent studies in the acquisition of a second language (L2) phonology have 
revealed that orthography can influence, both positively and negatively, the way L2 
learners come to establish target-like lexical representations. The majority of these 
studies, however, involve language pairs relying on a Roman-based script. In 
comparison, the influence of a foreign or unfamiliar written representation on L2 
phonolexical acquisition remains understudied. This dissertation aims to fill this gap. 
 CHAPTER 2 considers the effects of multiple scripts (e.g. Arabic, Cyrillic, Roman-
Maltese, etc.) on the acquisition of the Arabic voiceless pharyngeal fricative /ħ/ and the 
voiceless uvular fricative /χ/ word-initially. Monolingual native speakers of English 
participated in a set of five word-learning experiments where they were instructed to 
learn six pairs of minimally contrastive words, each associated with a unique visual 
referent. In each experiment, a different script configuration was manipulated. After an 
initial learning phase, participants were then tested on their phonological acquisition of 
these L2 minimal pairs. Results show significant differences in phonological accuracy 
between groups of learners exposed to varying degrees of script unfamiliarity. 
Specifically, complete script foreignness exerted an inhibitory effect on L2 phonolexical 
acquisition, while semi-foreign scripts exercised differential inhibitory effects based on 
whether grapheme-phoneme correspondences (GPCs) also activated L1 phonological 
units. Two follow-up spelling experiments were also conducted in an attempt to find a 
more intuitive, symbolic representation of these L2 phonemes. While spellers managed to 
find various ways to symbolically encode /χ/-words from /ħ/-words, when presented in 
minimal pairs (but not when presented randomly), no form-consistent pattern emerged 
from their spelling renditions. These spelling experiments nevertheless support the 
interpretation that L1 GPCs are likely activated in the course of L2 phonological 
processing.  
 CHAPTER 3 examines the acquisition of another nonnative phonological contrast, 
that of Japanese singleton/geminate consonants word-medially. In another set of five 
word-learning experiments manipulating various aspects of unfamiliar scripts (e.g. 
Hiragana, Roman/Cyrillic blended), it was found that the acquisition of such a length-
based contrast was significantly affected by the foreign written input only when the 
unfamiliar characters encoding the contrast were graphically highlighted (by way of font 
coloring and underline) or when they did not convey any information about the durational 
dimension of the L2 contrast (i.e. when both singletons and geminates were represented 
with a single character, instead of two for the geminates). These inhibitory effects show 
that learners are susceptible to be confused by small details featured in unfamiliar written 
representations presented to them in the course of L2 phonoloxical acquisition. Similar to 
Chapter 2, two follow-up spelling experiments were conducted. Here, spellers failed to 
symbolically mark a difference between singleton and geminate auditory items, whether 
they were presented randomly or in minimal pairs. This lack of differentiation in writing 
suggests that a consonantal singleton/geminate contrast is a priori not so intuitive to 
native English speakers. 
 The contributions of this dissertation are manifold. First, the present results provide 
strong evidence that, aside from recognized acoustic and phonological features 
influencing the acquisition of a second language sound system, extra-linguistic elements 
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such as written representations also contribute to the acquisitional experience of L2 
learners. Furthermore, such findings show that exposure to unfamiliar written 
representations can significantly inhibit the successful creation of target-like 
phonological representations, an outcome that has thus far not been attested. Second, it 
provides additional and complementary research in the subfield of L2 acquisition dealing 
with the interaction of phonological and orthographic knowledge. The work presented 
here indeed expands the scope of L2 contrasts and script treatments thus far investigated. 
Third, implications for second language teaching and loanword phonology can be 
envisaged. Methods geared towards the acquisition of L2 sounds for instance could be 
designed taking into account the results obtained here, namely, the fact that a foreign 
written support may not always be beneficial to learners, depending on the degree of 
familiarity with the L2 writing system. 
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CHAPTER 1  

 
 
1.1 Introduction 

 Learning a foreign/second language is an effortful and long-lasting journey to 

embark upon. Even if equipped with the best of intentions and motivation, second 

language (L2) learners are inescapably prone to encounter difficulties acquiring 

knowledge of a new set of rules, a new set of words, and a new set of sounds.  

With regards to the latter, it is well known that at the outset of L2 acquisition, 

learners struggle to hear differences between unfamiliar sounds (cf. Speech Learning 

Model (SLM) [Flege, 1988, 1992, 1995]; Perceptual Assimilation Model (PAM and PAM-

L2) [Best, 1993, 1994, 1995; Best and Tyler, 2007]; Native Language Magnet Model 

(NLM) [Kuhl, 1992, 1994, 2000a; Kuhl and Iverson, 1995; Kuhl et al., 2008]; Second 

Language Linguistic Perception (L2LP) model [Escudero, 2005], for models of 

nonnative/L21 speech perception and acquisition). Japanese learners of English, for 

instance, are notorious for misperceiving the difference between /l/ and /ɹ/ in words such 

as < light > and < right > due to Japanese’s lack of such a distinction among native 

sounds (Goto, 1971; MacKain et al., 1981; Logan et al. 1991; Bradlow et al., 1997, 1999; 

Takagi 2002; Iverson et al., 2003; Aoyama et al., 2004; Cutler et al., 2006; to just 

mention a few). Thus, upon hearing an English /l/-/ɹ/ contrast, Japanese speakers readily 

neutralize it to fit a close perceptual target or category of their native language (in that 

                                                
1 The terms “nonnative” and “L2” will be used interchangeably in this dissertation. Best and Tyler (2007) 
however argue for a distinction: nonnative speech perception research oftentimes involves naïve listeners, 
while L2 speech perception research frequently relates to learners of a second language. Because the 
population surveyed in this work involves naïve English listeners whose task is to briefly learn a set of new 
words in a second language, the terms “nonnative” and “L2” apply equally here. The recruited L1-English 
speaking participants are essentially naïve L2 listeners/learners. 
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case, /ɾ/). The task of the L2 learner then is to form separate mental categories to rectify 

this initial homophony and build a distinct phonological inventory/system capable of 

supporting adequate representations of nonnative words (cf. Section 1.2.2). Put 

differently, the task of the learner is to create a lexicon that reliably encodes nonnative 

phonemes; in short, the learner must work to establish a second language phonological 

lexicon.   

Implicit in much work on second language acquisition however is the recognition 

that learners, whether in a classroom or immersion setting, are commonly exposed to 

both spoken and written forms of the target language. On their journey to acquiring an 

L2, learners therefore encounter language input that is not only auditory in nature, but 

oftentimes also orthographic2.  

The interaction of these two modalities – speech and print – has already been the 

subject of fruitful research in the bilingual visual word recognition domain (Brysbaert et 

al., 1999; Dijkstra et al., 1999; Van Wijnendaele and Brysbaert, 2002; Duyck, 2005; Lee 

et al., 2005; Brysbaert and Dijkstra, 2006; Duyck et al., 2007; Haigh and Jared, 2007; 

Schwartz et al., 2007; Jared et al., 2008; Zhou et al., 2010). The evidence accumulated 

there shows that interactive, dynamic connections between these two representational 

levels have a major impact on word processing. The bilingual research indeed reveals the 

independence of phonological processing: when a bilingual proceeds to mentally 

recognize and manipulate a printed word, the parallel activation of both languages’ 

                                                
2 For clarity’s sake, the following terms are worthy of definition (following Hansen, 2008, 2010): 

- Orthography = language-dependent properties, rules, conventions of a language’s writing system 
(e.g. English and Turkish make use of the Roman/Latin script, but rely on different orthographies). 

- Script = language-independent graphical representation of a writing system  
(e.g. English and Turkish rely on a Roman/Latin script, Russian and Mongolian on a Cyrillic script). 

- Writing system = orthography + script 
(e.g. English and Russian have different writing systems). 
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phonologies cannot be suppressed. The maturational pathway that leads to such automatic 

and language-independent activation of bilingual phonological codes remains to be 

explored however.  

In the domain of second language sound acquisition then, the impact of a written 

representation on the early formation of an L2 phonological lexicon is still not well 

understood, especially as it relates to an unfamiliar writing system (where ‘unfamiliar’ 

refers to what is not known or recognized). This dissertation therefore aims to provide 

some answers to the L2 experience of ab initio or first-exposure learners, where 

unfamiliar script and L2 phonology may interact in the course of their lexical acquisition. 

More specifically, the present work seeks to uncover the degree of script foreignness, as 

well as the level of linguistic processing, at which nonnative phonological category 

formation is being affected. This dissertation therefore focuses on the early state of 

second language phonological acquisition with the objective of shedding light on the 

intimate relationship that orthography and phonology entertain. A better understanding of 

this interface at an early stage of L2 acquisition may ultimately serve to inform the 

maturation process leading to bilingual phonological processing, the end state of 

acquisition.  

The reminder of this chapter is organized as follows: Section 1.2 introduces the 

reader to research in the field of second language acquisition, and most particularly the 

acquisition of L2 sound contrasts; and Section 1.3 outlines the goals of the present 

dissertation as well as its organization. 
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1.2 Adult acquisition of L2 sound contrasts 

 This section focuses on L2 perception studies investigating the discrimination and 

acquisition of a novel sound contrast in a second language by adult speakers/learners. As 

has been hinted in the preceding section, previous language experience in the form of 

native linguistic knowledge has been shown to considerably shape how L2 

listeners/learners perceive and subsequently learn sound distinctions that are not present 

in their own language. The research accumulated in this domain allows us to delineate 

three types of acquisitional experiences (i.e. statistical, phonetic/phonolexical and 

orthographic), all influencing to differing degrees the ability of learners to perceive 

differences in L2 sound categories. A survey of these linguistic experiences therefore 

serves to situate the current work within a broader context of inquiry related to the 

acquisition of new sounds. By so doing, it also highlights the major theoretical stances 

regarding the levels of L2 sound discriminability, and presents the latest research 

concerning the potential involvement of non-speech based factors, the focus of this 

dissertation. The remainder of this section therefore presents the types of evidence that 

L2 learners can rely on in their perception and subsequent acquisition of novel nonnative 

sound contrasts.  

 
1.2.1 Statistical evidence  

More often than not, second language learners encounter the sound system of a 

new language by way of vocabulary items. In some cases, the presentation of similarly-

sounding words, such as < sought > and < fought >, reveals to the L2 learner that /s/ and 

/f/ serve a meaningful, contrastive function in English. Such meaning-based cue is 

however not the sole mechanism to extract phonological knowledge from the incoming 
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speech signal. Some researchers have indeed shown that adult learners can track 

statistical patterns in the auditory input to distinguish two unfamiliar sounds, even in the 

absence of any lexical meaning (e.g. Maye, 2000).   

In her dissertation, Hayes-Harb’s (2003, [2007]) first experiment further 

investigated the effect of these types of phonemic evidence (Distribution-based and 

Lexical-Contrast based) found in the linguistic input of L2 learners on their perception of 

L2 contrastive sounds (e.g. prevoiced [ɡ] vs. voiceless unaspirated [k]). She found that 

essentially both types of evidence influence phonetic discrimination accuracy and can 

contribute to learning these nonnative sounds, with the caveat that discrimination 

performance was more accurate by participants trained with Lexical-Contrast based 

evidence supporting a nonnative contrast, suggesting that lexical information enhances 

discriminability. The second experiment in Hayes-Harb’s dissertation examined the 

interaction of these two types of evidence where participants received either congruent or 

incongruent information about the presence or absence of a nonnative phonetic contrast 

via four experimental conditions: bimodal+contrast, bimodal+no-contrast, 

monomodal+contrast, monomodal+no-contrast. The significant comparisons were 

between the bimodal+contrast and monomodal+no-contrast conditions where congruent 

Distribution-based and Lexical-Contrast based evidence for or against the presence of a 

nonnative contrast lead to increased discrimination accuracy (lending further support to 

the results of Experiment 1).  

While these findings reveal discrimination abilities of nonnative contrasts based 

on two types of linguistic input, it does however not indicate whether such ability has 

reached the level of linguistic knowledge, that is, the level of lexical discrimination. The 
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following section introduces the reader to a fruitful research area concerned with 

shedding light on this distinction. 

 
1.2.2 Phonetic/Phonolexical evidence 

Much of the research in second language sound acquisition has focused on 

unraveling the level of perception at which a nonnative sound contrast is being 

distinguished. From the literature, two camps can be delineated, each championing a 

differing perspective:  

 
i) A PHONETIC CATEGORIES stance, which argues that phonetic 

discrimination/categorization of L2 sound contrasts constitutes a prerequisite to 

learners’ ability to phonologically/lexically encode such contrasts. In other words, 

only when successful phonetic differentiation of L2 phones has been attained can 

the relevant contrast be reliably postulated in the learner’s developing 

interlanguage lexicon, where phonological representations reside.  

 

ii) A PHONOLEXICAL CATEGORIES stance, which contends that phonetic 

discrimination/categorization of L2 sound contrasts does not necessarily 

determine the phonological content of lexical representations. Hence, reliable 

discrimination/categorization of nonnative phonetic values does not constitute a 

prerequisite to establishing the corresponding phonological contrasts within the 

learner’s interlanguage lexicon. 

 
This section surveys a number of studies supporting each view, and is consequently 

organized accordingly.  
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1.2.2.1 Phonetic categories stance 

It seems rather intuitive to think that whenever learners exposed to non-L1 sounds 

encounter perceptual difficulties at telling them apart, they would consequently assimilate 

them to a single phonetic category within their native perceptual space (Best, 1995; Best 

and Tyler, 2007; Escudero, 2005). Such phonetic assimilation could then in turn inform 

their emerging L2 phonological system with regards to contrastive phonemic categories. 

Studies concerned with the L2 acquisition of phonology have therefore endeavored to 

examine how potential misperceptions of the auditory signal may impact the consequent 

formation of phonological representations of L2 words. 

Pallier et al. (2001) for instance investigated lexical access in highly proficient 

and early Spanish-Catalan bilinguals in order to probe into the phonological nature of 

lexical representations. Because of differences in the phonemic makeup of Spanish and 

Catalan, the authors hypothesized that Spanish-dominant bilinguals would treat Catalan 

words containing L2 contrastive phonemes (e.g. /e/-/ɛ/, /o/-/ɔ/, /s/-/z/) as different words, 

if they lexically distinguish the two phonemes (i.e. two distinct lexical representations), 

or as similar words if such L2 contrast is not lexically encoded (i.e. one lexical 

representation; these words would be treated as mere homophones of one another). The 

results of an auditory lexical decision task with repetition priming using minimal pairs 

(e.g. /netəә/-/nɛtəә/) show that Spanish-dominant bilinguals exhibited an equal repetition 

priming effect (facilitation) for both real word repetition and Catalan minimal pairs, 

whereas the Catalan-dominant bilinguals did not show a priming effect for these same 

minimal pairs. According to the authors, these results indicate that, even when highly-

proficient in both languages, Spanish-Catalan bilinguals differ in their lexical 
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representations: Spanish-dominant bilinguals’ treatment of some Catalan words as 

homophones suggests that their L2 lexical representations of these words do not encode 

the crucial Catalan phonemic contrast. Based on these results, the authors come to the 

conclusion “that lexical representations consist of abstract language-specific 

phonological representations [and that …] this abstract phonological code, once 

acquired, is hard to modify” (2001:448)3. 

In another study, relying on visual word recognition, Ota et al. (2009) also sought 

to disentangle whether resolution of a nonnative contrast occurs at the perceptual or 

lexical level. More specifically, based on findings in the monolingual visual word 

recognition literature (where visually presented words automatically activate their 

phonological representations, in turn activating homophones and their semantic 

representations), the present study investigated whether the absence of an L2 contrast in 

L1 phonology obscures the creation of L2 phonolexical representation(s). The authors 

surmised that if the absence of an L2 contrast (/l/-/r/ for Japanese, /p/-/b/ for Arabic) 

effectively induces confusability in terms of L2 phonological representation mediating 

semantic activation (e.g. LOCK-ROCK, PEACH-BEACH), then performance on a 

semantic-relatedness task should be affected (namely, response accuracy and speed 

should be lower and slower respectively for pairs exhibiting the L2 contrast, e.g. KEY-

ROCK for Japanese and SAND-PEACH for Arabic, compared to spelling controls; KEY-

SOCK and SAND-REACH). The results indicate that indeed visual word recognition of 

confusable L2 words mirror the homophone effect found in monolinguals, suggesting that 

L2 phonological representations are directly informed by L1 phonological determinants 

                                                
3 Note however that these results are also compatible with the explanation that Spanish-Catalan bilinguals 
could have neutralized the contrast in online perception, hence leading to spurious homophony, regardless 
of the actual status of the contrast in the lexicon.  
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(i.e. the lack of an L2 contrast in the L1 phonology is sustained in the coding of L2 

phonological representations). The authors contend that L2 phonological representations 

of late bilinguals do not fully encode the nonnative phonemic contrast, given the 

influence of L1 phonology. This study therefore lends support to the view that prior 

phonetic discrimination/categorization of a nonnative contrast is a prerequisite to the 

creation of such contrast in the mental lexicon of L2 learners. 

As a direct follow-up to the above study, Ota et al. (2010) first aimed to replicate 

the findings of Ota et al. (2009) when relying on a different experimental paradigm (i.e. 

semantic category decision task) and on a different nonnative contrast, as well as to 

explore whether L1 grapheme-phoneme conversion rules have any effect on the 

processing of visually presented L2 words when both languages share a similar script. In 

other words, are L1 grapheme-phoneme conversion rules also recruited in the decoding 

of visual input such that it can obstruct confusion on a nonnative contrast? The results of 

Experiment 1 with L1 English speakers showed a homophone effect for homophonic 

pairs (e.g. A BODY OF WATER - SEE) compared to spelling controls (e.g. SET), and no 

effect for near-homophones. A homophone effect and a near-homophone effect was also 

obtained in Experiment 2 with L1 Japenese-L2 English speakers for both homophonic 

pairs and near-homophonic pairs (essentially the same results as Ota et al., 2009). The 

predictions of Experiment 3 with L1 Spanish-L2 English are also borne out in that a 

homophone effect was obtained but no near-homophone effect was found for both /æ/-/ʌ/ 

and /b/-/v/ contrasts. The outcome for the former contrast indicates that L1 grapheme-

phoneme conversion rules are indeed recruited in the decoding of visual input, therefore 

preventing confusion arising from the non-native /æ/-/ʌ/ contrast (hence no effect). Given 
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that this explanation does not hold for the lack of a /b/-/v/ near-homophone effect 

(orthographic B and V mapping onto native Spanish /b/ only), the authors contend that an 

orthographic explanation is nevertheless viable: although the Spanish orthography is 

largely transparent (i.e. one-to-one correspondences between grapheme-phoneme), the 

marked exception to this occurs with the letters B and V (with one-to-many 

correspondences). The authors therefore attribute the lack of a /b/-/v/ near-homophone 

effect for Spanish-English bilinguals to a heightened awareness of this L1-specific 

orthographic inconsistency, which is also active in the visual recognition of L2 words. In 

other words, Spanish-English bilinguals are believed to pay particular attention to words 

containing the letters B and V when processing visually presented words both in their L1 

and L2. Together, these results reveal that the presence or absence of effects in the visual 

recognition of L2 words is, besides the participation of L1 phonology, also contingent on 

the similarity between L1-L2 scripts rather than on the nature of these two scripts (i.e. 

alphabetic vs. non-alphabetic). Although this study does not directly address the question 

of the acquisition of a novel L2 phonological contrast per se, its findings with regards to 

the involvement of orthography is of interest in that it begs the question of the role of 

orthographic familiarity in distinguishing two nonnative segments (cf. Section 1.3).  

Together then, these studies seem to provide some evidence that reliable phonetic 

discrimination/categorization of nonnative phones ought to precede the creation of 

phonologically contrastive lexical representations. A growing body of research is 

however taking issue with such point of view. 
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1.2.2.2 Phonolexical categories stance 

The studies presented in this section offer the unusual perspective that phonetic 

and phonological discrimination of L2 sounds can in fact be disassociated from one 

another. This means that even though L2 learners may not be able to perceptually 

distinguish two nonnative phones, that distinction may however be well encoded in the 

learner’s interlanguage phonological lexicon. Hence, L2 acquisition of phonological 

contrasts may to some extent be independent from the ability to distinguish nonnative 

phonetic categories.  

The third experiment of Hayes-Harb’s dissertation (2003, [2007]) in particular 

addressed the question of lexical representation of a nonnative contrast, where the same 

contrast used in her first and second experiments (i.e. [ɡ]-[k]) was embedded in newly-

learned non-words (e.g. /ɡæt/, /kav/). Recall that the outcome of the first two experiments 

suggested that learners are able to phonetically discriminate between two nonnative 

phones. In a word-meaning mismatching detection task, where participants had to assess 

the correct matching of minimally contrastive non-words with their visual referent (e.g. 

/ɡaʃ/ correctly matched with the picture of an apple, compared to /kaʃ/ incorrectly 

matched with the same picture), none of the training groups from Experiments 1 and 2 

were able to satisfactorily encode the nonnative contrast lexically. This outcome then 

suggests a possible disassociation between phonetic/surface discrimination and 

phonological/lexical distinction of an L2 contrast. 

On the other hand, a study by Weber and Cutler (2004), concerned with whether a 

nonnative English contrast (i.e. /ɛ/-/æ/) leads to increased lexical activation and 

competition for bilingual Dutch listeners found different results. The results of four eye-
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tracking experiments reveal that even though the vocabulary size of second-language 

learners is smaller in comparison to L1 speakers, lexical competition is greater, 

consequently leading to slower spoken-word recognition. The findings indicate that both 

difficulties in discriminating nonnative phonetic contrasts and the L1 lexicon act as 

factors yielding undesired activation of lexical competitors, therefore causing a 

recognition slowdown. The interesting aspect of that study is that an asymmetry in lexical 

activation was obtained where items containing /æ/ also activated items containing /ɛ/ but 

not the other way round. The authors explain this asymmetric pattern by assuming that 

listeners auditorily neutralize the nonnative contrast despite encoding it lexically. The 

authors also account for the preference for /ɛ/ in lexical decisions to stem from the native 

phonemic status of this vowel in Dutch, as opposed to /æ/. This study therefore lends 

more support to the view that L2 phonological discrimination is conceivable despite a 

lack of L2 phonetic discrimination. 

In the same vein as Weber and Cutler (2004), Cutler et al. (2006) further 

investigated the asymmetric pattern in lexical activation with the nonnative /l/-/r/ contrast 

in Japanese. Resorting also to an eye-tracking paradigm, the asymmetry found in Weber 

and Cutler (2004) was obtained here again with Japanese nonnative /l/-/r/ contrast, where 

/l/ is the dominant category. Of note, i) this asymmetry in lexical activation holds for both 

vowels and consonants; ii) this asymmetry in lexical activation strengthens the belief that 

perceptually similar L2 input is nevertheless distinguishably encoded at the lexical level, 

in turn swaying the spoken-word recognition system; and iii) this asymmetry is not 

orthographically rooted given that /l/ is the dominant category, whereas Japanese /ɾ/ is 

transcribed as Romanji < r > (hence, perceptual proximity with a native category is the 
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determining factor in establishing the dominance of one of the two L2 phonetic input). In 

sum, perceptually indistinguishable nonnative contrasts at the phonetic level are 

distinguishably encoded at the lexical level. Lexical representations encoding the L2 

phonetically closer input to a native category are more likely to be activated than lexical 

representations encoding the other member, consequently creating an asymmetry in 

lexical recognition. 

Hayes-Harb and Masuda (2008) also added to the literature on L2 phonolexical 

encoding and development by examining the resolution of a nonnative consonantal 

contrast (i.e. singletons /t, s/ vs. geminates /tt, ss/) by L1 English learners of Japanese. 

The objective of this study was twofold: first, to shed light on an acquisitional path for 

lexical encoding by examining learners’ performance at two levels of L2 proficiency, and 

second, to inform a potential model for L2 lexical development by examining learners’ 

performance on both listening and production tasks. The results of the listening task 

revealed that inexperienced learners were able to auditorily detect and lexically encode 

the nonnative contrast (contra their hypothesis), although less accurately than their 

experienced learner counterparts and native speakers of Japanese (the latter two groups 

performed equally on this task). In the production task, inexperienced learners were 

unable to accurately produce the nonnative contrast, while experienced learners did so 

moderately, but less accurately than native Japanese participants. Native speakers 

performed highly accurately on both listening and production tasks indicating their 

reliable phonemic establishment of the consonantal length contrast contained in newly-

learned non-words. In sum, “target-like listening performance preceded target-like 

production in both the inexperienced and experienced learners” (2008:22). To explain 
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the results obtained, the authors propose that learners lexically encoded a partial (in terms 

of featural composition) phonemic representation of the contrastive consonantal length, 

in the form of /C*/, where ‘*’ stands for ‘sounds different from /C/’. This enabled them to 

perform well on the listening task (where differences in the auditory input could be 

detected), but perform rather poorly on the production task (where the exact nature of the 

auditory difference detected cannot be phonetically implemented). This explanation is 

couched in underspecification theory, which contends that only contrastive features are 

encoded in lexical representations. Hence, failing to precisely encode the feature [+long] 

for L2 consonants − encoding ‘*’ instead − serves to justify the discrepancy of 

performance between the listening and production tasks. 

More recently, in light of the abovementioned evidence, Darcy et al. (2012) also 

sought to establish that phonetic categorization of nonnative sounds does not constitute a 

prerequisite to the creation of distinct L2 lexical representations, as is commonly believed 

(cf. Section 1.2.2.1). The position adopted by the authors then is that the establishment of 

an L2 phonemic contrast is independent from accurate phonetic discrimination of L2 

phones. The focus is on the acquisition of the L2 French /i/-/y/, /y/-/u/ and /œ/-/ɔ/ 

contrasts by native English learners, at two levels of proficiency: intermediate and 

advanced. More specifically, the acquisition of these contrasts are examined at two levels 

of discrimination, a phonetic level (through an ABX/AXB task for segmental phonetic 

categorization) and a lexical level (via a lexical decision task using repetition priming), 

both using minimal pairs (e.g. < bulle > [byl] vs. < boule > [bul]). The authors predicted 

that if phonetic categorization leads to enhanced lexical discrimination, then the former 

serves as a pre-requisite for the latter (i.e. phonological encoding of the nonnative 
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contrast), but if lexical discrimination does not improve performance on phonetic 

categorization, then the latter is not a pre-requisite to the former. Hence, this study 

carefully examined the (in)dependent relationship between phonetic categorization and 

phonological/lexical discrimination. In terms of the results, advanced learners showed 

reliable acquisition of all phonological contrasts (/i/-/y/, /y/-/u/ and /œ/-/ɔ/) on the lexical 

decision task, yet still producing “persistent perceptual errors in the categorization of 

contrasts” (2012:28) on the ABX/AXB task. Intermediate learners also showed reliable 

acquisition of phonological contrasts but only for /œ/-/ɔ/, while they produced more 

categorization errors on the /œ/-/ɔ/ contrast than on the /y/-/u/ contrast. In light of these 

results, the authors contend that successful performance on the phonetic categorization 

task does not entail the successful encoding of L2 phonological contrasts (and vice 

versa), stating that “[t]hese observations invite a reconsideration of the causal link 

between categories and lexical contrast in second language acquisition” (2012:29). The 

authors also dismiss several potential sources (e.g. vocalic length differences, 

orthography, word familiarity and frequency) responsible for the observed asymmetry in 

the data in favor of a purely phonological explanation. Finally, based on their results, the 

authors introduce and outline a new model of phonological acquisition, the Direct 

Mapping from Acoustics to Phonology (DMAP). This model is argued to account for the 

(rather surprising) fact that phonetic categorization of a nonnative contrast does not 

necessarily precede the reliable establishment/encoding of said contrast at the 

phonological/lexical level. 

 To sum up, all of the studies in this section “challenge the prevailing view that 

the acquisition of distinct categories drives the establishment of the relevant lexical 
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contrast: the segmental categorization data seem dissociated from the ability to establish 

lexical contrasts” (Darcy et al., 2012:13). This ongoing research pursuit to reach a deeper 

understanding of L2 sound discrimination and acquisition has progressively led a number 

of researchers to explore the possibility that other, non-speech based factors may also 

play a role in learners’ experience. We now turn to one of these factors in the next 

section. 

 
1.2.3 Orthographic evidence 

Another contributing factor to learners’ success at perceiving and lexically 

discriminating pairs of nonnative sounds relates to orthography. Bassetti (2009) notes that 

“[f]or literate L2 learners, the orthographic input provides a visual and permanent 

analysis of the acoustic input, which may complement a defective perception […]” (192). 

This section presents an overview of the research conducted in L2 phonological 

acquisition that directly addresses the influence of an orthographic representation on 

nonnative sound representation. Although this domain of inquiry is relatively young, the 

number of available studies nevertheless allows us to categorize this orthographic 

influence as either positive, negative, or nonexistent. The following subsections consider 

each influence in turn. 

 
1.2.3.1 Positive influence of orthography on L2 phonological acquisition 

In a word-learning study, Escudero et al. (2008) investigated whether 

orthographic knowledge of a nonnative phonemic contrast (i.e. /ɛ/-/æ/ for L1 Dutch 

learners of L2 English) is recruited when establishing contrastive L2 phonolexical 

representations. In other words, they asked the following question: does the presence of a 
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spelled form while learning new L2 English words affect Dutch learners’ ability to 

recognize (and encode) a phonemic contrast not present in their native language? The 

results of an eye-tracking experiment showed that auditorily confusable L2 words (e.g. 

/tɛn|zəә/ vs. /tæn|dəәk) lead to asymmetric word recognition (substantiating Weber and 

Cutler, 2004) when learned both with their auditory AND spelled forms (e.g. < tenzer > 

and < tandek >). Additionally, auditory presentation of the stimuli as the sole source of 

information yielded symmetric recognition pattern (a symmetry not present for 

participants with prior knowledge of the spelled forms), suggesting that orthographic 

knowledge of the stimuli can be responsible for the observed asymmetric pattern in 

lexical activation (cf. Weber and Cutler, 2004). Based on their findings, the authors 

contend that abstract knowledge in the form of grapheme-phoneme mappings are 

exploited in the creation of a phonological representation for newly-acquired L2 words. 

More recently, Showalter and Hayes-Harb (2013) also explored the potential 

influence of an unfamiliar script on L2 phonolexical acquisition in the form of diacritic 

marks appended to an otherwise familiar script (e.g. < fiān >, < fián >). In addition, by 

investigating the acquisition of contrastive tonal contours in Mandarin, instead of relying 

on contrastive segments, this study expands the domain of L2 structures examined thus 

far. The first experiment had L1 English participants learn eight non-words forming four 

minimal quadruplets based on tone (i.e. high-level, high-rising, falling-rising, and high-

falling). Resorting to a similar experimental design as Showalter (2012; described 

below), participants were assigned to one of two word-learning conditions differentiated 

by whether the Roman script available to them in the course of novel-word learning 

featured tone marks or not (e.g. < fiān > vs. < fian > for a high-level tone). The results 
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show that participants exposed to a tone marked script performed significantly better at 

memorizing the phonological shape of the newly-acquired items, consequently learning 

with more accuracy to form contrastive, target-like tonolexical representations. These 

results demonstrate that the unfamiliarity of the script can help participants learn foreign 

phonological traits, an outcome that is of particular interest in the present work (cf. 

Section 1.3.1). In order to tease apart the exact nature of the contribution of unfamiliar 

diacritics to L2 phonolexical acquisition, Experiment 2 was conducted in the same spirit 

as Showalter’s Experiment 2. That is, this experiment served to examine whether 

participants learned to associate tone marks with tonal contours (e.g. < ā, á, ă, à> for 

high-level, high-rising, falling-rising, and high-falling tones respectively), or if they were 

merely guided to focus on tonal contours via overt visual information. The outcome is 

that English learners may, to some extent, be able to establish correspondences between 

lexical tone and tone diacritics, although accuracy in performance was not very high.  

In sum, both studies suggest that the presence of a written form can benefit 

learners in their acquisition of a confusable contrast in a second language. Other studies 

on the other hand have reported opposite results. 

 
1.2.3.2 Negative influence of orthography on L2 phonological acquisition    

A number of studies have revealed that the presence of orthography can actually 

hinder the acquisition of nonnative phonological contrasts, therefore standing in 

opposition with the abovementioned studies, which have found a facilitative influence.  

Bassetti (2006) for instance presents a duo of experiments intended to examine 

the influence of orthographic representations on L2 learner’s developing phonological 

lexicon. As indicated in the Introduction to this chapter, this study rests on the premise 
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that L2 learners are more often than not confronted with two related types of L2 input, 

orthographic and auditory, which can supposedly shape one another in the course of 

acquisition. The author therefore took on the task to investigate the impact of pinyin 

romanization – the writing system employed to alphabetically represent Standard Chinese 

– on the creation of target representations by native English beginning learners of 

Chinese as a foreign language. Resorting to both a phoneme counting task and a phoneme 

segmentation task, Bassetti’s hypothesis was that if L2 pronunciation omits the main 

(central) vowel in Chinese triphthongal rimes (e.g. /uei/, /iou/, and /uəәn/), transcribed in 

the pinyin orthography with no such vowel (e.g. < ui >, < iu >, and < un > respectively), 

then L2 mental representations of such rimes are also bereft of this main vowel. Both 

experimental tasks support the author’s hypothesis and yielded results suggesting that 

written representations informed the establishment of L2 phonological representations, 

given that the absence of a pinyin main vowel in the orthographic representation directly 

correlated (via L1 grapheme-phoneme correspondences) to its absence in the L2 

phonological representation. This suggests that decipherable written input can negatively 

inform the formation of a second language phonology, resulting in non-target-like 

representations. 

Similarly, Escudero and Wanrooij (2010) further extended the investigation of L1 

orthographic effects on spoken word recognition. Their study focused on determining 

whether orthographic effects can be obtained sublexically through the auditory perception 

of nonnative Dutch vowels in a non-lexical context (with and without the presence of 

orthography). For Experiment 1, the hypotheses of a two alternative, forced-choice vowel 

categorization auditory task were that Spanish-speaking participants would have more 
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difficulty in perceiving the Dutch contrasts /a-ɑ/, /i-ɪ/ and /y-ʏ/ (because of their phonetic 

proximity, and their mapping onto the single Spanish categories /a, i, u/ respectively), 

than perceiving the Dutch contrasts /i-y/ and /ɪ-ʏ/ (because potentially mapping onto the 

distinct Spanish categories /i/ and /u/ respectively). The predictions for a multiple-

alternative forced-choice auditory and orthographic task were that Spanish participants 

would have more difficulty in perceiving the Dutch vowels /i/, /ɪ/, /ʏ/, and /y/, than 

perceiving the vowels /a/ and /ɑ/ when presented with their orthographic representations 

as response options. Such difficulty would arise from Spanish’s transparent orthographic 

conventions, yielding faster grapheme-phoneme processing, consequently interfering 

with the auditory input of the first set of vowels, whereas the second set is more 

consistent with Spanish grapheme-phoneme mapping. In Experiment 2, with Peruvian 

Spanish listeners unencumbered by experience with spoken or written Dutch, the 

confound of having different experimental tasks is eliminated. The expectations of 

Experiment 2 were the same as those of Experiment 1. In both experiments, the 

predictions were borne out, indicating that the difficulty of auditorily processing L2 

vocalic input is affected by the presence or absence of an orthographic representation in 

the decision-making process. The results also signal the participation of sublexical 

representational units, but are inconclusive in determining whether the orthographic 

effect observed can be attributed to a prelexical level of processing. 

As a follow-up to this previous study, Escudero et al. (2014) further examined the 

role of orthographic exposure in L2 word learning when the written representation 

available is either congruent or incongruent with the listeners’/learners’ native 

phonographic system. While the authors replicated Escudero, Broersma and Simon’s 
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(2013) experimental method (i.e. word-learning task), their participant populations (i.e. 

L1 Spanish naïve listeners, and learners of L2 Dutch), and some of their stimuli items 

(i.e. perceptually easy/difficult vocalic contrasts), they also introduced orthographic 

conditions differing in terms of their L1/L2 graphophonological correspondences. Given 

that L1 orthography is activated during non-native speech perception (Escudero et al. 

2008; Escudero and Wanrooij, 2010), the authors predicted that both Spanish learners of 

Dutch and Dutch naïve listeners would encounter greater processing and learning 

difficulty when the Dutch orthographic input is at odds with their native grapheme-

phoneme correspondences (e.g. Dutch < a > - < aa > ≡ /ɑ/ - /a/, Spanish < a > ≡ /a/) than 

when it nearly matches with their Spanish orthographic rules (e.g. Dutch < i > - < u > ≡ 

/ɪ/ - /ʏ/, Spanish < i > - < u > ≡ /i/ - /u/). Conversely, when both Spanish and Dutch 

phonographic systems align, facilitation should be observed. The results support the 

hypothesis that incongruent orthography for both naïve and Dutch-learning listeners 

hindered their acquisition of new words featuring vocalic contrasts, while congruent 

orthography facilitated such acquisition. It was also found that Dutch learners, compared 

to Dutch naïve listeners, were more accurate on congruent items than on incongruent 

ones, suggesting that with increased L2 proficiency, L1 grapheme-phoneme 

correspondences become more difficult to circumvent. 

All of these studies therefore reveal the irrepressible activation of native 

phonographic principles, potentially interfering with learners’ ability to mentally form 

target-like representations in a second language. Finally, a couple of studies have 

reported finding neither facilitative nor inhibitory effects of orthography on L2 

phonological acquisition.  
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1.2.3.3 No influence of orthography on L2 phonological acquisition   

The absence of an orthographic effect on learners’ early formation of a 

phonological lexicon in a second language is hardly described in the current literature; 

perhaps because of the difficulty of interpreting such results and their presumed lack of 

relevance for the questions at hand. Even so, two studies focusing on the contribution of 

orthography to L2 phonological acquisition are worthy of consideration.  

The first, conducted by Simon et al. (2010), follows Escudero et al. (2008) in their 

investigation of whether or not exposure to a written representation during L2 word 

learning facilitates the establishment of separate phonemic categories for confusable L2 

vowels; in that case, the French vowels /y/-/u/. In the same vein as Escudero et al. (2008), 

the researchers hypothesized that knowledge of contrastive L2 spelled forms (e.g. < vu > 

[vy] vs. < vous > [vu]) leads to the formation of contrastive L2 lexical representations (or 

more specifically, leads to the formation of novel L2 phonemic contrasts). In opposition 

to Escuerdo et al. (2008) however, this hypothesis was not supported: task performance 

was not significantly different between participants who learned novel L2 words with and 

without exposure to orthography. In Experiment 2, the consonantal context following the 

vowel was found to be important, while in Experiment 3, the alveolar coda enabled 

single-category assimilation (i.e. nonnative /y/ and /u/ were categorized similarly), and 

variability in the stimuli was eliminated (with a single speaker recording). The discordant 

lack of an orthographic effect is explained by the fact that native English speakers’ 

opaque orthographic system may put them at a disadvantage when establishing one-to-

one correspondences between graphemes and (L2) phonemes. In other words, because 

English readers are used to interacting with a complex system of multiple phoneme-
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grapheme mappings in English, they may approach the L2 written input with the same 

assumption of complexity. The reliance on an orthographic distinction reflecting the L2 

vocalic contrast may therefore not be utilized when phonologically encoding such 

contrast. The authors suggest that further research with an L1 transparent orthographic 

system might yield different results. 

The second study in Showalter (2012) investigated whether native speakers of 

English would be influenced by the presence of an unfamiliar script in the course of their 

lexical acquisition. More specifically, she was interested in examining their ability to 

learn non-words in Arabic, contrasting /k/-/q/ word-initially (e.g. [kita] vs. [qita]), and if 

that learning can be modulated by their exposure to the Arabic script. In two word-

learning experiments, two groups of participants were instructed to memorize 12 non-

words (6 minimal pairs) by associating their phonological form with a visual referent. 

One group saw a written representation in Arabic script under each pictured objects, 

while the other saw a string of four identical Arabic characters (e.g. < طططططططط >). After 

satisfactorily completing a test of lexical memorization, a final test of phonological 

accuracy served to measure participants’ memory of the phonological content of the 

lexical items learned, and to compare their performance across experimental conditions 

(i.e. L2 word learning with or without the presence of the Arabic script). In Experiment 1, 

the phonological test required participants to assess the association of auditory stimuli 

with visual referents, while in Experiment 2, the association to be evaluated was between 

auditory stimuli and orthographic forms. The outcome of both experiments revealed no 

significant difference between the two groups of participants, which suggests that 

phonolexical acquisition remained unaffected by the availability of a foreign script, and 
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that participants did not establish reliable L2 grapheme-phoneme correspondences. These 

results are in stark contrast with those of Showalter and Hayes-Harb (2013; cf. Section 

1.2.3.1), which reported finding a facilitatory effect of a semi-unfamiliar script. 

The studies presented in this section therefore offer a perspective on the L2 

phonology-orthography acquisition interface that defies a binary characterization (i.e. 

positive or negative influence), which in turn invites further inquiry into this subtle 

interrelationship. 

 
1.2.3.4 Summary of orthographic influences 

The table below summarizes the various outcomes thus far attested with regards 

to orthographic effects on the development of a nonnative phonological lexicon. For each 

study, the participants’ native language (on the left) and the target language (on the right) 

are indicated.  

 
Table 1.1: Summary of orthographic influences in L2 phonological acquisition studies. 
 

 Types of orthographic influence on L2 phonological acquisition 

STUDIES Positive Negative Nonexistent 

Bassetti (2006)  English-Mandarin  

Escudero et al. (2008) Dutch-English   

Escudero & Wanrooij (2010) Spanish-Dutch Spanish-Dutch  

Simon et al. (2010)   English-French 

Showalter (2012)   English-Arabic 

Escudero et al. (2014) Spanish-Dutch Spanish-Dutch  

Showalter & Hayes-Harb (2013) English-Mandarin   
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A cursory look at the language pairs investigated shows that most of these studies 

have relied on languages sharing or utilizing a similar script, namely a Roman/Latin 

based script (including pinyin, cf. Bassetti, 2006). With the exception of Showalter 

(2012) and Showalter and Hayes-Harb (2013), the investigation of the influence of a 

foreign or unfamiliar written representation on the acquisition of a non-native 

phonological contrast remains, in comparison, understudied. This dissertation therefore 

aims to fill this gap by resorting to various unfamiliar script configurations that learners 

are likely to encounter in their acquisition of a foreign language. Hence, the present work 

has the objective of deepening our understanding of orthographic effects on phonolexical 

acquisition so as to offer a more comprehensive picture of the involvement and 

exploitation of orthographic knowledge in the acquisition of a second language 

phonology.  

 
1.3 Focus and Organization of the dissertation 

1.3.1 Focus of the dissertation 

Research presented in the previous section has shown that the establishment of a 

nonnative phonological contrast is dependent upon i) the speaker’s L1 phonological 

system, ii) the phonetic perceptibility of L2 sounds (although recent evidence show that 

the latter does not constitute a prerequisite to the ability of phonologically encoding the 

nonnative contrast, cf. Section 1.2.2.2), and iii) other extralinguistic factors such as 

written representations.  

Important questions however remain regarding the role of orthography in the 

formation of an L2 phonological lexicon. The overarching research question addressed in 

this dissertation is therefore as follows: How does a written representation shape the 
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phonological representation of newly-learned L2 words? This broad question is tackled 

from two complementary perspectives. The first pertains to the nature of the available 

script representation in terms of its unfamiliarity to native speakers of English, while the 

second pertains to the level of linguistic processing of such written information, namely, 

at the level of individual letters or at the level of the entire word shape (cf. Escudero and 

Wanrooij, 2010; Escudero et al., 2014). The interaction of these two features, script 

unfamiliarity and level of linguistic processing, is also investigated. Research questions 

guiding the overall dissertation work are outlined below.  

 
I. Does L2 script unfamiliarity play a role in establishing distinct L2 

phonological representations? 

 
II. At which level of linguistic processing does a written representation affect 

the formation of an L2 phonological lexicon? 

 
III. How do script unfamiliarity and level of linguistic processing interact in the 

acquisition of an L2 phonological contrast? 

 
 

This dissertation work is therefore concerned with the encoding of L2 

phonological contrasts contained in newly-acquired words, independent from the ability 

to phonetically discriminate said contrasts (cf. Section 1.2.2.2). It specifically 

concentrates on the contribution of foreign/unfamiliar script in the course of lexical 

encoding; the latter being understood as the establishment/creation/formation of a 

permanent linguistic code (or trace) in long term memory capable of being 

retrieved/accessed/recalled/activated upon subsequent linguistic stimulation. In short, it is 

the acquisition of linguistic (here, phonological) knowledge in the form of a word. 
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In sum, the purpose of this dissertation is to probe our phonological competence 

through the learnability of novel L2 segments and to expand our current understanding of 

orthographic effects in the acquisition of L2 phonology (cf. Section 1.2.3) with 

dissimilarly-scripted languages. By broadening our understanding of this L2 orthography-

phonology interface, it is a secondary goal of this dissertation to bridge the gap between 

an initial state of second language phonological knowledge and an end state of L2 

acquisition, namely, full bilingual competence, where orthography and phonology have 

been shown to be intimately linked. The following section discusses the methodological 

choices made to achieve the research goals outlined here. 

 
1.3.2 Methodological underpinnings of the dissertation  

Because “there are few studies on the very early stages of L2 acquisition” 

(Davidson, 2011:135), the chosen population of participants in all the experiments 

represents ab initio or first-exposure learners. These learners represent participants who 

self-reported no prior knowledge of the target languages or any language that exhibits the 

phonological contrasts under study. The choice of such population therefore enables us to 

offer some insight into early phonological acquisition of a second language, and more 

broadly, inform our understanding of the initial state of nonnative grammatical 

knowledge.  

In order to tap into the phonolexical acquisition of a nonnative contrast, the 

experimental paradigm employed must be adequately chosen so that the results obtained 

cannot be attributed to unfit methodology (and also poor design for that matter) and/or to 

other components of the linguistic system (e.g. the auditory perceptual processor). A 

survey of existing studies and methodologies used in this domain helped us determine the 
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most suitable experimental paradigm for our present purposes. Table 1.2 below presents 

this review. 

 
Table 1.2: Experimental techniques used in L2 speech perception and acquisition studies. 
 

EXPERIMENTAL TECHNIQUES STUDIES 

Repetition Priming (lexical decision task) Pallier et al. (2001) 
Darcy et al. (2012) 

Eye-tracking 
Weber and Cutler (2004) 
Cutler et al. (2006) 
Escuerdo et al. (2008) 

Picture-word Matching 

Hayes-Harb and Masuda (2008) 
Showalter (2012) 
Showalter and Hayes-Harb (2013) 
Escudero et al. (2014) 

Semantic Relatedness Judgment Ota et al. (2009) 

Visual Semantic Categorization Ota et al. (2010) 

Forced Choice Categorization/Identification 
Escuerdo and Wanrooij (2010) 
Simon et al. (2010) 
Darcy et al. (2012) 

 
 

Because we are concerned with the early acquisition of a phonological contrast 

contained in newly-learned words a semantic based task such as the Semantic 

Relatedness Judgment and the Visual Semantic Categorization paradigms cannot be 

exploited as they both assume a pre-existing L2 semantic-lexical network. A Forced 

Choice Categorization/Identification task on the other hand would not reveal much of the 

phonological/lexical encoding status of the confusable L2 contrast as it would only target 

surface/phonetic discrimination performance. This latter task would therefore fail to 

target the desired level of inquiry, namely, the formation of an L2 phonological contrast 

in a nascent interlanguage lexicon. 

The suitable methodologies available for our purposes would therefore be Eye-
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tracking, Repetition Priming and/or Picture-word Matching; the first two being more 

complex and extensive paradigms exploited in a number of studies already (and yielding 

consistent results). The experiments in this dissertation therefore rely on a Picture-word 

matching task in order to add to the number of studies making use of such methodology, 

as well as to enable us to draw comparisons between experiments without the 

inconvenience of multiple methods of data elicitation. Indeed, relying on a single 

methodological paradigm throughout avoids obscuring the interpretation of results and 

can really account for orthographic effects cross-linguistically. Finally, it also aligns with 

the most current studies conducted on the L2 phonology-orthography interface, hence 

broadening the discussion of (dis)similar results obtained through a unified methodology.  

The last section of this chapter lays out the organizational structure of this 

dissertation. 

 
1.3.3 Organization of the dissertation  

 In addition to this introductory chapter (Chapter 1), this dissertation contains two 

experimental chapters (Chapters 2 and 3), followed by a concluding chapter (Chapter 4).  

 Chapter 2 presents findings from a series of five L2 word-learning experiments 

investigating the potential influence of unfamiliar written representations on the 

acquisition of an Arabic consonantal contrast word-initially. The contrast under study 

concerns the voiceless pharyngeal fricative /ħ/ and the voiceless uvular fricative /χ/. In 

Experiments 1 (featuring an Arabic script) and 2 (featuring a Cyrillic script), the 

difference in the degree of script foreignness was examined. These script manipulations 

serve to answer the first research question outlined in Section 1.3.1. Experiments 3 

(featuring a slightly altered Roman script) and 4 (featuring a Roman script with 
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diacritics) probed the level of linguistic processing at which a written representation may 

exert any influence on the acquisition of these contrastive nonnative phonemes. These 

experiments therefore aim to provide answers to the second research question. Finally, 

Experiment 5 (featuring a Roman/Cyrillic blended script) considered the interaction of 

these two variables (i.e. script unfamiliarity and level of linguistic processing) to reveal 

the extent of the interrelationship between L2 orthography and L2 phonology in the 

course of acquisition. Hence, this last experiment addresses the third research question. 

 Chapter 3 expands on the overall research agenda instigated in the preceding 

chapter by turning to another kind of phonological contrast found in Japanese. The set of 

five L2 word-learning experiments in this chapter all make use of the same phonological 

distinction between short (singleton) and long (geminate) consonants. Experiment 6 

(featuring an Hiragana script) parallels Experiment 1 in that it seeks to broaden the scope 

of script unfamiliarity and observe its effect on the acquisition of another kind of 

consonantal contrast. Again, it serves to offer a more comprehensive perspective 

regarding the first research question. Experiments 7 (featuring a Roman/Cyrillic blended 

script) and 8 (featuring an enhanced Roman/Cyrillic blended script) focus on unraveling 

the influence of individual characters on the acquisition of this phonemic length contrast 

in Japanese. The purpose of these two experiments was again to explore the level of 

processing at which unfamiliar written information may guide L2 phonological 

acquisition (cf. research questions II and III). Experiment 9 (featuring a Roman script) 

preserves the same kind of graphical information from Experiments 7 and 8, but departs 

from all other experiments in that it does not feature any unfamiliar aspect as far as the 

written representation is concerned. This script manipulation was implemented to observe 
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the extent to which the same kind of information, provided by a familiar script this time, 

is being (differentially) integrated in learners’ establishment of contrastive phonolexical 

representations. Finally, Experiment 10 (featuring a Roman/Cyrillic blended and more 

opaque script) removed any contrast-sensitive information from the written 

representation presented to learners to observe the degree of their sensitivity to visual 

information referencing auditory information. Again, answers to the third research 

question were being sought after here. 

 Chapter 4 summarizes and discusses the general findings of these ten experiments 

and offers a number of research perspectives to advance our understanding of the 

orthography-phonology interface in second language acquisition. 
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CHAPTER 2  

 
 

2.1 Introduction 

 This chapter presents a series of five word-learning experiments investigating the 

potential effect of a foreign or unfamiliar script on L2 phonolexical acquisition. 

Throughout these experiments, the same procedure as well as the same L2 phonological 

contrast has been used. The phonemes in question are the Arabic voiceless pharyngeal 

fricative /ħ/ and the voiceless uvular fricative /χ/. By keeping the L2 contrast constant 

while manipulating various script configurations, we are able to examine with greater 

detail the effects of different graphical elements on participants’ ability to satisfactorily 

establish novel phonological representations (in comparison with other participants who 

did not get to be exposed to any meaningful written representation).  

Experiments 1 and 2 explore the possibility that a foreign script might interfere 

with participants’ ability to lexically distinguish two novel sounds, and whether the 

graphical character of the foreign script results in differential acquisition outcomes. These 

two experiments therefore aim to answer the first research question outlined in Chapter 1, 

regarding the influence of script unfamiliarity on L2 phonolexical acquisition. 

Experiments 3 and 4 on the other hand examine whether small graphical alterations to an 

otherwise familiar script yield similar learning consequences as a fully unfamiliar script. 

These experiments are intended to address the second research question stated in the 

previous chapter concerning the level of linguistic processing. Finally, Experiment 5 

investigates the potential effect of a written input exhibiting characters from two distinct 

orthographic systems, namely Roman and Cyrillic, so as to reveal the repercussions of a 
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semi-familiar (or semi-unfamiliar) script on L2 phonolexical acquisition. This last 

experiment serves to shed light on the third research question which relates to the 

interaction between script (un)familiarity and level of linguistic processing. Here is a 

brief overview of the script treatments applied in all of these experiments. 

 
Table 2.1: Script treatments applied in each of the five L2 word-learning experiments in 
Chapter 2. 
 

Experiments Script treatments Illustrative examples 

1 Arabic script خالل / حالل 

2 Cyrillic script һал / xал 

3 Roman script (different Roman characters + diacritics) ħal / ẋal 

4 Diacritic script (same Roman characters + diacritics) x̄al / ẋal 

5 Hybrid script (Roman/Cyrillic characters blended) ҵal / жal 

 
 

In addition to these five L2 word-learning experiments, two spelling experiments 

of the words featuring the L2 contrast were conducted in an attempt to arrive at more 

“intuitive” orthographic forms from the perspective of native English speakers. The 

outcome of these spelling experiments was intended to provide written stimuli for 

subsequent word-learning experiments. 

 
2.2 Experiment 1 − Arabic script 

 Experiment 1 expands on Showalter’s (2012) Arabic study, which showed no 

effect of orthography on L1 English speakers’ acquisition of a /k/-/q/ contrast (cf. Chapter 

1). Recall that one possible reason for this finding is that the contrast under study 

contained one native phoneme (/k/) and one nonnative phoneme (/q/). It is then possible 

that this auditory contrast was not distinct enough to exclude the possibility that the 
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uvular stop /q/ merged with the velar stop /k/ during the learning process (Best, 1995; 

Escudero, 2005). Hence, only one phonological category may have been established 

instead of the intended two. In that case, L1 category assimilation may be such that the 

presence of an unfamiliar script is of no relevance to the discriminability of the L2 

contrast. 

In contrast with Showalter’s study (2012), the present experiment investigates the 

acquisition of another place of articulation type of Arabic contrast where both phonemes 

are absent from English’s inventory (i.e. /ħ/ and /χ/). Hence, the examination of the 

acquisition of this L2-L2 contrast has the advantage of preventing conceivable 

assimilation with L1 phonemic categories (even if it may be more difficult to learn 

according to the Markedness Differential Hypothesis; Eckman 1977, 2008).  

It has to be noted however that a recent study (Mahmoud, 2013) investigating the 

perceptual discriminability of various consonantal contrasts in Modern Standard Arabic 

(MSA) by native speakers of American English revealed that the abovementioned stop 

and fricative contrasts were discriminatorily equivalent. That is to say, in an AXB task 

with /ʔaːˈCaː/ nonwords, the ability of 22 beginning learners of MSA to discriminate /k/-

/q/ on the one hand (64.8%), and /ħ/-/χ/ on the other hand (54.5%), was not found to be 

statistically different. These results therefore indicate that both contrasts are equally easy 

or difficult to distinguish for L1 English speakers. Nonetheless, according to the 

Perceptual Assimilation Model (PAM; Best, 1995), both contrasts were predicted to be 

discriminably “very good” (Mahmoud, 2013), which was clearly not the case. To make 

sense of these results then, the author contends that the “confusability between the 

consonants [i.e. /k/-/q/] may have arisen primarily due to the new consonant being well 
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assimilated to an already familiarly known segment. The pattern in which listeners 

incorrectly responded on the AXB task suggests that they significantly settled the contrast 

[…] in favor of /k/” (286). In the case of /ħ/-/χ/, Mahmoud (2013) attributes its poor 

discriminability rate to a possible influence of orthography given the high degree of 

resemblance of both phonemes in the Arabic writing system, both word-medially and 

word-initially (see below). It is however not clear whether participants in his study had 

access to a written representation of the stimuli during the AXB task. The present 

experiment aims to address that point. 

Before delineating the specifics of the present experiment, another study related to 

the interaction between Arabic script and Arabic phonology deserves mention here. 

Hansen (2010) conducted a study on word recognition in Arabic with L1 English, 

Danish, and German participants at three different levels of Arabic proficiency (beginner, 

intermediate, and advanced) in addition to having a control group of native Arabic 

speakers. This study aimed to examine the influence of both script and phonological 

unfamiliarity on decoding ability (i.e. reading proficiency). In her first experiment, all 

participants read Arabic pseudowords classified in three lists containing 39 pseudowords 

featuring no Arabic-specific phonemes (List 1), 39 pseudowords including such 

phonemes (List 2), and 39 pseudowords transposed in the Roman alphabet (all complying 

with the grapho- and phono-tactic demands of the L1s; List 3). The three lists of stimuli 

were presented in all possible permutations, and decoding errors were recorded as 

reflecting misreadings of Arabic letters, which included omissions, additions, repetitions, 

and confusions of letters. The results show that, at all levels of Arabic proficiency, 

decoding speed and accuracy was significantly affected by the graphical representation of 
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the Arabic script compared to decoding performance when the stimuli were in Roman 

script. Phonological unfamiliarity on the other hand did not constitute such an obstacle, 

leading Hansen to assert that "when learners experience their reading in Arabic to be 

very slow, the unfamiliar graphics of the Arabic alphabet may indeed be one of the 

reasons. Other linguistic aspects might have an influence as well, but the unfamiliar 

phonology does not seem to be one of them" (2010:577). Although Hansen's study 

pertains to the domain of L2 speech production and did not directly address questions of 

phonological acquisition, her results nevertheless imply that the Arabic script brings 

about processing slowdown at all levels of L2 proficiency. 

In that case then, the presence of an unfamiliar written representation in the 

course of nonnative word learning may also obstruct the acquisition of the L2 contrast. 

Consequently, even if L2 learners are relatively unfamiliar with the Arabic script, 

exposure to it may yield two conceivable outcomes regarding their acquisition of the 

contrastive phonemes. The first of such learning outcomes may see participants be 

handicapped in their ability to establish distinct phonolexical representations (in 

comparison to participants who were not exposed to any meaningful label), while the 

second outcome may see participants be unbothered by the Arabic script and therefore 

remain phonologically unaffected by its presence (a scenario that would align with 

Showalter’s results [2012]). 

 
2.2.1 Method 

2.2.1.1 Participants 

 Participants of at least 18 years of age were recruited in undergraduate courses at 

the University of Arizona, and received either a monetary compensation or course credit 
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for their participation. They were first asked to complete a short questionnaire reporting 

their own as well as their parents' mother tongue(s) (i.e. the first language(s) learned in 

childhood and still in use), their home language(s) (i.e. the language(s) regularly spoken 

at home while growing up), and their second language(s) (i.e. the language(s) exposed to 

in a formal learning context and/or while living abroad for an extended period of time, 

regardless of their level of proficiency). Also reported was any knowledge of a speech, 

hearing, and/or reading impairment. Participants were then randomly assigned to one of 

two word-learning conditions: a NO ORTHOGRAPHY CONDITION and an ARABIC SCRIPT 

CONDITION, described below.  

 In order to maintain a certain degree of control over participants' language 

profiles − given Arizona's large bilingual community − data selection for the analysis 

only included participants who 1) self-identified as monolingual native speakers of 

English; that is to say, individuals whose first language is English and who strictly spoke 

it at home without any other languages, 2) had no knowledge and/or study of the Arabic 

language and its script, and 3) had no speech, hearing, and/or reading impairment. The 

exclusion of simultaneous bilinguals from the analysis is important since they have 

generally been shown to possess cognitive advantages over monolinguals with varying 

levels of L2 proficiency, when acquiring an additional language (Cenoz, 2003 for review 

of relevant studies). These studies therefore justify the need to discard data from 

simultaneous bilinguals in order to i) avoid any confound of positive interference from 

two primary phonological systems in the course of non-native word learning, and ii) 

reduce variability in the study population. Such distinction also ensures ecological 
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validity with other studies focusing on the orthography-phonology interface in second 

language acquisition (cf. Chapter 1).  

Based on these criteria, data from three participants in the NO ORTHOGRAPHY 

CONDITION were excluded (2 Spanish-English simultaneous bilinguals, and 1 Gujarati-

English simultaneous bilingual), and data from four participants in the ARABIC SCRIPT 

CONDITION were excluded (1 Spanish-English simultaneous bilingual, 1 German-English 

simultaneous bilingual, 1 Danish-English simultaneous bilingual, and 1 with hearing 

loss), resulting in a total of 21 participants in the NO ORTHOGRAPHY CONDITION (10 

males, 11 females, mean age = 19.3, SD = 1.9) and 21 participants in the ARABIC SCRIPT 

CONDITION4 (12 males, 9 females, mean age = 19.2, SD = 2.4) for the final analysis of the 

data. 

 
2.2.1.2 Materials 

 The auditory stimuli consisted of 6 minimal pairs of CVC Arabic words and non-

words, contrasting the voiceless pharyngeal fricative /ħ/ with the voiceless uvular 

fricative /χ/ in onset position. Where possible, each member of a minimal pair was a word 

of Arabic (9 items). In three cases however, the necessary pairing required the use of 

non-words (e.g. / χas/, / χin/, and / χub/). Since none of the participants included in the 

data analysis had any experience with Arabic, this difference in lexical status is not 

expected to be of any consequence when it comes to participant’s behavior across these 

items. For those participants with no familiarity with the Arabic language, all of the 

stimuli items are effectively real words of Arabic. 

                                                
4 One participant did abort the experiment in this condition. No data was recorded for that participant. 
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 A young adult, female native speaker of Lebanese Arabic was recruited to record 

the stimuli. She was asked to read four blocks of stimulus items, all items appearing in 

isolation and written in Arabic script5. Each block contained the 12 target words, 

randomly interleaved amongst 12 other filler non-words not containing the phonemes /ħ/ 

or /χ/. The filler items served to prevent articulatory confusion in the sequential 

production of the target words. In each block, the order of presentation for the target and 

filler items was randomized. Out of four productions of each target word, the clearest 

instance (based on the author’s auditory judgment) was chosen as the target stimulus for 

this experiment.  

 Visual stimuli consisted of single line-drawing pictures of recognizable objects, 

randomly selected from the Bank of Standardized Stimuli (Brodeur et al., 2010). In the 

NO ORTHOGRAPHY CONDITION, a string of three X's featured underneath each pictured 

object. Following Hayes-Harb et al. (2010), this meaningless sequence was intended to 

provide a comparable experience to an experimental condition featuring a meaningful 

written representation. Such string therefore served to create equivalent experiences 

across word-learning conditions in terms of exposure to visual stimuli. In the ARABIC 

SCRIPT CONDITION, the words’ written form in Arabic script featured underneath each 

pictured object. Table 2.2 below presents the auditory and visual stimuli together, by 

word-learning conditions. 

 

 
 
 

                                                
5 Vowel length was not contrastive in the stimuli; all vowels were written in the default long form (i.e. 
without dot diacritics indicating vowel shortness). The paucity of the Arabic vowel inventory (/a/, /i/, /u/) 
unavoidably generated additional minimal pairs (e.g. /χas/-/χal/, /ħin/-/ħif/, etc.).  
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Table 2.2: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 1. 
 

Auditory form [ħal] [χal] [ħif] [χif] [ħub] [χub] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Arabic script خووبب حووبب خيیفف حيیفف خالل حالل 

       

Auditory form [ħas] [χas] [ħin] [χin] [ħur] [χur] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Arabic script خوورر حوورر خيینن حيینن خاسس حاسس 

 
 
2.2.1.3 Procedure 

 Following the procedure used by Showalter (2012), and Showalter and Hayes-

Harb (2013), the experiment had three consecutive stages: first, a word-learning phase, 

immediately followed by a criterion test phase, and then a phonological test phase. 

Throughout the experiment, participants were seated in a sound-proofed, ventilated booth 

in front of a computer monitor. Headphones and a keyboard were positioned in front of 

them. The right and left ‘shift’ keys of the keyboard were labeled 'YES' and 'NO' 

respectively. Once seated in the booth and before the experiment started, the author gave 

verbal instructions to each participant, which were reiterated on the computer screen 

before the experiment begun. Upon completion of the experiment, an additional phase 

consisting of a spelling identification post-test was implemented. Each of these 

experimental phases are detailed below. 
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2.2.1.3.1 Word-learning phase  

 The word-learning phase introduced participants to the twelve words and 

pseudowords of Arabic, which they were instructed to learn to the best of their ability. 

All participants were however told that they would be learning real words of Arabic. The 

written instructions on the computer screen also stated that “it is generally very helpful to 

repeat the words out loud a couple of times” to aid memorization (Papagno et al., 1991). 

During the word-learning phase, participants were presented with single pictures of 

recognizable objects in the middle of the computer screen using DMDX software (Forster 

& Forster, 2003). Participants assigned to the NO ORTHOGRAPHY CONDITION saw a string 

of three X’s under each pictured object, while participants assigned to the ARABIC SCRIPT 

CONDITION saw a written label in Arabic under each pictured object. The illustration 

below presents sample screens of two visual stimuli for each word-learning condition. 

 

 

 

 
NO ORTHOGRAPHY CONDITION  ARABIC SCRIPT CONDITION 

 
Figure 2.1: Sample screens of two visual stimuli for the word /ħal/, by word learning 
condition. 
 
 

When a picture appeared, participants concurrently heard a corresponding 

auditory form, so that they would associate the latter with the former (i.e. a picture-word 
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pair). Each pictured object and text underneath disappeared after 4 seconds of 

presentation and was immediately followed by the next picture-word pair. In both 

conditions, each of the 12 stimuli (6 minimal pairs) was presented once, altogether 

forming a block. One block was presented four times in random order each time and for 

each subject, which makes for a total of 48 item presentations in this phase. No response 

was required of participants at this stage of the experiment, and no information about the 

reading directionality of the Arabic script was given to those assigned to the ARABIC 

SCRIPT CONDITION.  

 
2.2.1.3.2 Criterion test phase  

 At the end of the word-learning phase, participants took a computer-mediated test 

to ensure that they accurately memorized the auditory label for a pictured object. 

Instructions on the screen asked participants to indicate whether a pictured object, 

presented without the written form, matched (or not) the accompanying auditory stimuli 

by pressing YES/NO labeled keys on the keyboard. Each of the twelve picture-word pairs 

was presented twice: once in a matched condition, where the word and picture were 

associated at training (e.g. a picture of a fan coupled with the correct auditory label [ħal]), 

and once in a mismatched condition, where the word and picture were not associated at 

training (e.g. a picture of a fan coupled with the incorrect auditory label [χif]), for a total 

of 24 item presentations in this phase. All of the mismatched pairings only involved 

auditory stimuli and visual referents that participants had seen during the previous phase 

of the experiment.  

Based on studies by Hayes-Harb et al. (2010), Showalter (2012) and Showalter 

and Hayes-Harb (2013), the accuracy threshold needed to pass the criterion test was set at 
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90% (or 21/24 items correctly recognized). For each trial, participants received feedback 

regarding the correctness of their answers (e.g. a correct response yielded a “correct” 

message, while an erroneous one yielded a “wrong” message). To successfully 

accomplish this task, participants only needed to know the overall phonological shape of 

the items, given that they were not yet tested on minimal pairs. Failure to pass the 

criterion test looped participants back to the word-learning phase until criterion was 

reached. The same criterion test was used for all subsequent attempts. No limit was set on 

the number of word-learning cycles participants needed to reach criterion. Successful 

performance led to the next phase of the experiment, the phonological test phase.  

 
2.2.1.3.3 Phonological test phase 

 The phonological test phase tested participants on their knowledge of the words 

learned, and more specifically on their knowledge of minimal pairs based on the L2 

phonological contrast. During this phase, participants were similarly presented with a 

picture-word pair (still without any written form) on which they had to make a yes/no 

matching decision using the keyboard, just like in the previous phase of the experiment. 

In accordance with similar L2 word-learning studies (cf. Chapter 1), no spelling was 

provided here so as to reveal whether or not learners’ phonological knowledge of the 

words was informed by the written input they had received in the initial phase of the 

experiment. The presence of such input at the phonological test phase of the experiment 

would have made it impossible to ascertain which type of knowledge (i.e. phonological 

or orthographic) was being recruited by learners to accomplish the task of identifying 

(mis)matches between picture-word pairs. In the absence of an orthographic support, 
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participants could only rely on their phonological memory of the items learned, and 

therefore reveal whether or not they successfully encoded the nonnative contrast.  

The nature of the (mis)match here was based on the nonnative phonological 

contrast under study, /ħ/-/χ/. Each of the twelve picture-word pairs was again presented 

twice: once in a matched condition, where the word and picture were associated at 

training (e.g. a picture of a fan coupled with the correct auditory label [ħal]), and once in 

a mismatched condition, where the word and picture were not associated at training (e.g. 

a picture of a fan coupled with the incorrect auditory label [χal]), for a total of 24 item 

presentations. Again, all of the mismatched pairings only involved auditory stimuli and 

visual referents that participants had seen during the word-learning phase of the 

experiment. Figure 2.2 illustrates the contrast-based matching and mismatching 

conditions of the phonological test phase. 

 
CONDITIONS (Expected response)  Match (YES) Mismatch (NO) 

Auditory form  [ħal] [χal] [χal] [ħal] 

Picture form  

    
 

Figure 2.2: Example stimuli of matched and mismatched picture-word phonological 
pairs. 
 
 
For participants assigned to the NO ORTHOGRAPHY CONDITION, the phonological test 

phase marked the end of the study. For those assigned to the ARABIC SCRIPT CONDITION, 

the experiment continued to a spelling identification post-test phase, which was 

conducted outside the booth. 
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2.2.1.3.4 Spelling identification post-test phase 

 The spelling identification post-test was implemented to gather additional 

information about participants’ attention to the written forms provided at training. It no 

longer required any explicit knowledge of the phonological content of the items presented 

during the experiment, but rather called on participants’ knowledge of the graphical 

shape of the words. It contained the 12 pictures of the words learned, along with 4 

different spellings for each picture: the one associated with the pictured object, and 3 

foils (which were all word forms participants had seen during the experiment). Each 

spelling quartet exhibited two written instances of the phoneme /ħ/ and two written 

instances of the phoneme /χ/. Target forms were randomly positioned within each quartet. 

Figure 2.3 illustrates a sample spelling quartet, where the first and third spellings are /ħ/-

initial words, and the second and fourth spellings are /χ/-initial words (Arabic script is 

read right to left). 

 
 
 
 
 
 
 
 

Figure 2.3: Example stimuli of a spelling quartet in Arabic script. 
 
 
Because the idea was to get feedback on whether or not participants also memorized the 

orthographic form in addition to the picture and auditory forms, the post-test avoided 

retesting phonological minimal pairs6. Its design was therefore not meant to be a real 

                                                
6 Two instances of phonologically relevant minimal pair nevertheless accidentally figured in the test, which 
does not have any bearing on the overall results of these post-tests. Only a handful of participants in each 
word-learning condition selected the non-target member of the pair, when available. 
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challenge for participants, but simply to allow them to indicate even a partial recollection 

of the word’s orthographic form. Participants were instructed to complete this spelling 

identification post-test to the best of their ability. 

 
2.2.1.3.5 Summary of Procedure 

 The entire session for each participant lasted about 30 minutes in total. Table 2.3 

below recapitulates all of the sequential phases of this experiment along with their 

standard durations.  

 
Table 2.3: Sequential phases of the experiment and their standard durations. 
 

Sequence Experimental phases Standard durations 

1 CONSENT + LANGUAGE BACKGROUND QUESTIONNAIRE 5 min. 

2 WORD-LEARNING PHASE 5-10 min. 

3 CRITERION TEST PHASE 5 min. 

4 PHONOLOGICAL TEST PHASE 5 min. 

5 SPELLING IDENTIFICATION POST-TEST PHASE 2 min. 

6 POST-EXPERIMENT DEBRIEFING 3 min. 
 
 
To remind the reader of participants’ spelling exposure in both word-learning conditions 

and throughout the experiment, the table below is provided. Across conditions, 

participants’ experience with the stimuli differed only in terms of their exposure to a 

meaningful written label during the word-learning phase and the spelling identification 

post-test phase of the experiment. No orthographic information was provided during the 

Criterion and the Phonological test phases. The differential script treatments applied in 

the word-learning phase aim to reveal whether knowledge of orthographic forms 

informed learners’ phonological knowledge of the nonnative words.  
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Table 2.4: Spelling exposure in all four phases of the experiment per condition. 
 

 Conditions 

Phases No orthography Arabic Script 

WORD-LEARNING PHASE xxx Arabic 

CRITERION TEST PHASE − − 

PHONOLOGICAL TEST PHASE − − 

SPELLING IDENTIFICATION POST-TEST PHASE n/a Arabic 
 
 
At the end of their session, all participants were debriefed and credit or pay was awarded. 

 
2.2.2 Results 

2.2.2.1 Phonological test 

First, regarding the analysis of word-learning phases, the mean numbers of word-

learning phases required to reach 90% criterion for the NO ORTHOGRAPHY CONDITION 

was 2.8 (SD = 1.1), ranging from 1 to 6 learning cycles, and 2.5 (SD = 0.9) for the 

ARABIC SCRIPT CONDITION, ranging from 1 to 5 learning cycles. An analysis of variance 

with Condition as a variable did not detect any significant difference in the number of 

learning cycles between the two word-learning conditions (F(1, 40) = 0.53, p = 0.46, η2 = 

0.01), suggesting comparable experiences in the amount of time needed to satisfy 

adequate lexical memorization. In other words, the presence of a foreign written input did 

not significantly increase (or decrease) participants’ linguistic processing time. 

With regards to the results of the phonological test phase, percent accuracy was 

calculated for each participant for each word-learning condition and for matched and 

mismatched picture-word pairs, as well as their overall accuracy. Group means and 

standard deviations are presented in Table 2.5. 
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Table 2.5: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 1 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  89.6 (.08) 44.4 (.22) 67 (.28) 

Arabic script condition  83.3 (.01) 33.3 (.21) 58.3 (.30) 
 
 
Table 2.5 indicates that performance on the matched picture-word pairs was high in both 

word-learning conditions (89.6% − 83.3%), while performance on the mismatched 

picture-word pairs was below chance level for both word-learning conditions (44.4% − 

33.3%). Overall, performance was better in the NO ORTHOGRAPHY CONDITION than in the 

ARABIC SCRIPT CONDITION.  

 A mixed-design analysis of variance (ANOVA) was conducted with word-

learning condition as a between-participant variable (two levels: no orthography and 

Arabic script), and item type as a within-participant variable (two levels: matched and 

mismatched). A significant main effect of word-learning condition was found (F(1, 40) = 

6.49, p = 0.01, ηp
2 = 0.06), where participants in the NO ORTHOGRAPHY CONDITION 

performed significantly more accurately than those in the ARABIC SCRIPT CONDITION. 

There was also a highly significant main effect of item type (F(1, 40) = 139.53, p < 

0.0001, ηp
2 = 0.66), where accuracy on match items far outweighed accuracy on 

mismatch items, but there was no significant interaction between these two variables 

(F(1, 40) = 0.34, p = 0.55, ηp
2 = 0.005). An analysis of simple effects was therefore not 

conducted. Figure 2.4 illustrates the two significant main effects of Condition and Item 

type. 
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Figure 2.4: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 1 (Arabic script). 
 

 
Because the experimental task required participants to perform a choice between 

only two available responses, YES (the picture and word match) and NO (the picture and 

word do not match), biases towards either response options could have been introduced. 

In order to tease apart actual sensitivity to the signal (i.e. the information-bearing stimuli 

capturing the phonological contrast) from the noise (i.e. random response patterns 

distracting away from the target stimuli), a signal detection analysis using the sensitivity 

index d-prime was conducted for both groups of learners. This analysis essentially serves 

to reveal the degree of detectability of the nonnative phonological contrast, which was 

high for participants in the NO ORTHOGRAPHY CONDITION (M = 1.11, SD = 0.77) and low 

for those in the ARABIC SCRIPT CONDITION (M = 0.51, SD = 0.61). This difference in 

participants’ ability to detect matched from mismatched picture-word pairings on the 

basis of the L2 phonological contrast was highly significant (F(1, 40) = 7.55, p = 0.008, 
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η2 = 0.15), which shows a considerable disadvantage of being exposed to a foreign 

written input in the course of L2 phonological learning. 

Finally, in order to determine whether a significant relationship exists between the 

number of learning cycles and accuracy on the phonological test, a Pearson’s correlation 

analysis was performed for both groups of learners. Both analyses revealed no significant 

correlation between the number of learning cycles participants went through to reach 

criterion and their subsequent performance on the phonological test phase (NO 

ORTHOGRAPHY CONDITION: r(19) = -0.05, p = 0.81; ARABIC SCRIPT CONDITION: r(19) = 

0.38, p = 0.08).  

 
2.2.2.2 Spelling identification post-test 

 Recall that the spelling identification post-test was implemented to obtain 

information about participants’ orthographic memory of the Arabic words presented 

during the experiment. It therefore served as a measure of their attention to and 

memorization of the written forms associated with each pictured objects in the ARABIC 

SCRIPT CONDITION. Percent accuracy for each participant was calculated for each target 

form (where a written form was paired with the correct pictured object) and for each 

same-phoneme forms (where a written form encoding the same consonant phoneme as 

the target form was incorrectly matched with a pictured object). The mean percent 

accuracy on the target forms was 32.1 (SD = 0.17) and 9.5 (SD = 0.02) on the same-

phoneme forms, unsurprisingly reflecting a slightly-above-chance (i.e. 25%) ability to 

recall the Arabic written forms accompanying the pictured objects. Such low 

performance on the spelling identification post-test therefore reveals that participants did 

not mentally store the Arabic script presented to them in the course of novel word 
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learning. A correlation analysis was also conducted here to reveal whether there was a 

significant relationship between participants’ accuracy on the phonological test phase and 

their accuracy on the spelling identification post-test phase. This correlation turned out to 

be non-significant (r(19) = 0.11, p = 0.60).  

 
2.2.3 Discussion of Experiment 1 

 This experiment was conducted on the premise that the phonological acquisition 

of an L2 contrast, with no conceivable correlates in the native phonology of English (i.e. 

no potential for L1 category assimilation), might either be hindered by the presence of a 

foreign written representation or be impervious to it. As reported above, participants 

exposed to the Arabic script in the course of nonnative word learning performed 

significantly less well on establishing distinct phonolexical representations than those 

who saw a string of Xs underneath each pictured object. These results therefore support 

the hypothesis that a foreign script exerts a negative influence on L2 phonological 

acquisition. This inhibitory effect of a written input has thus far not been attested in any 

other L2 acquisition studies of this kind involving a foreign script. 

A highly significant effect of Item Type was also obtained where performance on 

mismatch items was less accurate than performance on match items across conditions. 

This significant difference in performance on the type of items indicates that participants 

in both conditions generally perceived the two nonnative phonemes as homophonous, 

leading them to consider most of the picture-word pairs as matching. Such outcome is not 

surprising for first-exposure L2 learners (Best, 1995; Best and Tyler, 2007; Flege, 1995; 
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Escudero, 2005)7. A signal detection analysis however revealed a higher degree of 

detectability of the L2 contrast for participants in the NO ORTHOGRAPHY CONDITION than 

for those in the ARABIC SCRIPT CONDITION, hence confirming the abovementioned main 

effect of Condition on L2 phonological acquisition.  

Regarding the results of the spelling identification post-test, participants in the 

Arabic script condition did not reliably encode the orthographic form of the words 

learned, which by extension, suggests that they did not establish robust grapheme-

phoneme correspondences (GPCs) between the Arabic written and auditory 

representations (which aligns with the results of Showalter’s Experiment 2 (2012); cf. 

Chapter 1). These results then invalidate a possible argument that learners may actually 

have been so dependent on the foreign script that testing their phonological knowledge 

without it would have led to the inhibitory effect presently found. Their inability to 

accurately recognize the Arabic written labels for each visual referent shows that 

participants did in fact not rely on the orthographic input to inform their establishment of 

lexically contrastive representations. 

Two questions about the current findings are whether the Arabic script or the L2 

phonological contrast, or both, was an inhibitory factor. First, recall from the discussion 

of Showalter’s results (2012) in Chapter 1 that no significant difference was found 

between two groups of L2 Arabic learners differing on the basis of their spelling 

exposure (i.e. Arabic script vs. a string of meaningless letters). On the other hand, the 

present experiment used a similar experimental design and did find a significant 

difference in phonological accuracy between the two groups of learners. It therefore 

                                                
7 Because this highly significant main effect of Item Type is found throughout all of the subsequent 
experiments, it will no longer be discussed hereafter. Instead, the discussion of results will mostly address 
the main effect of Condition, the focal point of this research.  
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follows that the availability of the Arabic script in these two experiments cannot be the 

sole explanation for the differential outcomes observed since both experiments made use 

of the same foreign script. Hence, the nature of the L2 contrast to be acquired seems to be 

important here. Second, recall from Mahmoud (2013) that perceptual discriminability 

between the contrasts /k/-/q/ and /ħ/-/χ/ was not found to be significant, although 

discrimination was lower for the latter contrast. Based on these results then, the inhibitory 

effect obtained in Experiment 1 cannot be ascribed to a significant difference in 

perceptual discriminability between Showalter’s (2012) stop contrast and the fricative 

contrast chosen here. Essentially, both contrasts appear to be equally difficult to 

distinguish for naïve English listeners (Mahmoud, 2013).  

If the foreign script, on one hand, and the unfamiliar contrast, on the other hand, 

cannot independently account for the present results, the only other possible explanation 

for the present inhibitory effect stems from the association of these two variables. Hence, 

the complete foreignness of the phonological contrast compounded by the complete 

foreignness of the script have joined forces in exerting too much confusion on the part of 

participants, so as to obliterate their successful creation of distinct phonolexical 

representations. In addition, although participants were not given any information about 

the Arabic script (such as its directionality of reading), it may be possible that some of 

them came to the experiment with that knowledge already. Accordingly, they would have 

then paid attention to the correct edge of the written words, but would have been equally 

hampered by the script because of the high similarity of the characters representing /ħ/ 

and /χ/, where only a dot serves to distinguish them (e.g. < حالل > /ħal/ vs. < خالل > /χal/). 
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Thus, this character resemblance, if at all noticed, could have further heightened the level 

of confusability of the L2 contrast, therefore hindering its phonologicality.   

 In sum, the unfamiliarity of the Arabic script coupled with an arguably more 

unfamiliar contrast led to significantly less accuracy in establishing contrastive 

phonological representations, than learning this contrast without access to any 

meaningful written representation. In parallel with Hansen’s research (2010), Experiment 

1 therefore suggests that the Arabic script may have made it too difficult for learners to 

acquire the L2 contrast. Comparison to Showalter’s (2012) work also suggests that the 

contrast may have been too foreign. Experiment 2 explores only the first of these 

possibilities, asking how foreign does the script have to be in order to not hinder the 

acquisition of this particular nonnative phonological contrast? 

 
2.3 Experiment 2 − Cyrillic script 

 Experiment 1 detected a noticeable, inhibitory effect on L2 phonological 

acquisition that finds its root in the association of an unfamiliar script with an unfamiliar 

contrast. Experiment 2 intends to further explore the idea that a foreign script exerts an 

inhibiting influence on the same L2 contrast, by relying on Cyrillic, which is, compared 

to Arabic, graphically closer to Roman script. Indeed, Arabic script appears as cursive, 

making it more difficult to parse, whereas Cyrillic and Roman scripts feature adjoining 

yet seemingly independent characters. In that respect, Cyrillic script, although foreign, 

may appear less so to native English speakers. This notable difference in graphical form 

may be of importance for participants’ simultaneous processing of auditory and visual 

stimuli, and may actually temper the hindering effect of a foreign, written representation 

on L2 phonolexical acquisition. In other words, the attenuated degree of foreignness of 
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the Cyrillic script may be such that it would not distract participants in their effort to 

develop a nonnative phonological lexicon.  

 It has to be noted also that the Cyrillic script used in this experiment is that of 

Kazakh, which features many superficially Roman-like characters. Consequently, while 

the script is entirely Cyrillic, the graphical representation of some characters may appear 

more familiar to L1 English participants, modulo differences in phoneme-grapheme 

correspondences. Crucially also, the characters encoding this L2 contrast are superficially 

Roman-like (i.e. < h > and < x >), which may more or less disturb learners’ acquisition of 

the contrast. On the one hand, the Roman-looking characters might incorrectly trigger L1 

GPCs; on the other hand, learner’s perceived degree of familiarity with some of the 

Roman-looking characters may attenuate the otherwise overall foreignness of the Cyrillic 

script.  

Recall from Experiment 1 that it is the foreignness of the phonological contrast 

combined with the foreignness of the script that is responsible for the observed inhibitory 

effect. If the phonological contrast to be acquired is indeed perceived to be too difficult 

for L1 speakers of English, the presence of another sufficiently foreign script might still 

constitute a processing obstacle. Taking all of these things into consideration, it was 

therefore predicted that participants exposed to the Cyrillic script would either perform as 

well as, or actually worse than, those exposed to a sequence of Xs in their ability to 

reliably encode the /ħ/-/χ/ contrast. 

 
2.3.1 Method 

 Similar to Experiment 1, adult participants enrolled in undergraduate courses at 

the University of Arizona first completed the language background questionnaire, 
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reporting their first and second language experiences as well as any language-related 

impairment that they knew about. Participants were then assigned to a CYRILLIC SCRIPT 

CONDITION, described below. The participants assigned to the NO ORTHOGRAPHY 

CONDITION in Experiment 1 constitute the comparison group. This condition will serve as 

baseline for all subsequent experiments in this chapter. 

 Here again, in an effort to maintain experimental groups with comparable 

language backgrounds, data from two participants who self-identified as simultaneous 

French-English bilinguals was not included in the final analysis, resulting in a total of 21 

participants in the CYRILLIC SCRIPT CONDITION8 (9 males, 12 females, mean age = 19, SD 

= 0.7). All participants received pay or extra credit for their participation.  

 The auditory stimuli were the same as in Experiment 1. The picture stimuli were 

also the same as in Experiment 1, except that for the CYRILLIC SCRIPT CONDITION the 

written form underneath each pictured object was in Cyrillic. Table 2.6 below presents 

the auditory and visual stimuli together, by word-learning conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
8 One participant did abort the experiment in this condition. No data was recorded for this participant. 
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Table 2.6: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 2. 
 

Auditory form [ħal] [χal] [ħif] [χif] [ħub] [χub] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Cyrillic script һал хал һіф xіф һұб xұб 

       

Auditory form [ħas] [χas] [ħin] [χin] [ħur] [χur] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Cyrillic script һас xас һін xін һұр xұр 

 
 
The procedure was identical to Experiment 1. 

 
2.3.2 Results 

2.3.2.1 Phonological test 

In this experiment, the mean number of word-learning phases required to reach 

90% criterion for the CYRILLIC SCRIPT CONDITION was 3 (SD = 1.5), ranging from 1 to 8 

learning cycles. An ANOVA with Condition as a variable did not detect any significant 

difference in the number of learning cycles between the NO ORTHOGRAPHY CONDITION 

and the CYRILLIC SCRIPT CONDITION (F(1, 40) = 0.19, p = 0.65, η2 = 0.004). These results 

support those of Experiment 1 in that exposure to a foreign script during L2 word 

learning does not cause participants to slow down or speed up their memorization time. 
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Percent accuracy on the phonological test was also calculated for each participant 

for each word-learning condition and for matched and mismatched picture-word pairs, as 

well as their overall accuracy. Group means and standard deviations are presented in 

Table 2.7. 

 
Table 2.7: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 2 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  89.6 (.08) 44.4 (.22) 67 (.28) 

Cyrillic script condition  88 (.10) 30.1 (.16) 59.1 (.32) 
 
 
Table 2.7 indicates that performance on the matched picture-word pairs was equally high 

in both word-learning conditions (89.6% − 88%), while performance on the mismatched 

picture-word pairs was below chance level for both word-learning conditions (44.4% − 

30.1%). Numerically, performance was again better in the NO ORTHOGRAPHY CONDITION 

than in the CYRILLIC SCRIPT CONDITION.  

 In accordance with the statistical procedure of Experiment 1, the present data was 

also submitted to a mixed-design ANOVA with word-learning condition as a between-

participant variable (two levels: no orthography and Cyrillic script), and item type as a 

within-participant variable (two levels: matched and mismatched). A significant main 

effect of word-learning condition was also found (F(1, 40) = 5.30, p = 0.02, ηp
2 = 0.06), 

where participants in the NO ORTHOGRAPHY CONDITION performed significantly more 

accurately than those in the CYRILLIC SCRIPT CONDITION. There was also a highly 

significant main effect of item type (F(1, 40) = 231.50, p < 0.0001, ηp
2 = 0.74), where 
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accuracy on match items far outweighed accuracy on mismatch items, but there was 

again no significant interaction between these two variables (F(1, 40) = 3.50, p = 0.06, 

ηp
2 = 0.04). An analysis of simple effects was therefore not conducted. Figure 2.5 

illustrates these two significant main effects of Condition and Item type. 

 
 

 

 

 

 

 

 

 
Figure 2.5: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 2 (Cyrillic script). 
 
 

A signal detection analysis was also performed here, once again yielding a 

significant difference (F(1, 40) = 4.33, p = 0.04, η2 = 0.09) in contrast detectability across 

L2-word learning conditions, with higher d-prime scores for the NO ORTHOGRAPHY 

CONDITION (M = 1.11, SD = 0.77) than for the CYRILLIC SCRIPT CONDITION (M = 0.64, 

SD = 0.67). These results corroborate the mean percent accuracies reported above. 

A Pearson’s correlation analysis was also performed for the group of learners 

assigned to the CYRILLIC SCRIPT CONDITION. This analysis revealed no significant 

correlation between the number of learning cycles participants underwent to reach 
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criterion and their subsequent performance on the phonological test phase (CYRILLIC 

SCRIPT CONDITION: r(19) = -0.26, p = 0.24).  

 
2.3.2.2 Spelling identification post-test 

 Akin to the spelling identification post-test implemented in Experiment 1, one 

was also devised for the CYRILLIC SCRIPT CONDITION, so as to obtain some information 

about participants’ orthographic memory of the L2 words presented during the 

experiment. Percent accuracy for each participant was again calculated for target forms 

(where a written form was paired with the correct pictured object) and for each same-

phoneme form (where a written form encoding the same consonant phoneme as the target 

form was incorrectly matched with a pictured object). The mean percent accuracy on the 

target forms was 61.1 (SD = 0.23) and 8.7 (SD = 0.02) on the same-phoneme forms, 

revealing a moderate capacity for recall of the Cyrillic forms associated with each 

pictured object (recall that chance is at 25%). Such decent performance on the Cyrillic 

spelling identification post-test indicates that, because of the forms’ high content in 

Roman-like characters (compared to the number of exclusively Cyrillic symbols), 

participants partially committed to memory the written representations presented to them 

in the course of novel word learning. Comparisons across each experiment’s spelling 

identification post-tests are provided in Section 2.8. A correlation analysis was also 

conducted here to determine whether a significant relationship existed between 

participants’ accuracy on the phonological test phase and their accuracy at recalling 

spelled-out forms of the words learned. This relationship did not turn out to be significant 

(r(19) = 0.39, p = 0.07). 
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2.3.3 Discussion of Experiment 2 

 The objective of Experiment 2 was to explore the effect of another foreign script 

on the acquisition of minimal pairs exhibiting a /ħ/-/χ/ contrast. In light of Experiment 1’s 

results, it was hypothesized that, given an allegedly challenging contrast to learn, the 

availability of an unfamiliar written representation in the course of that learning process 

would complicate the task of participants. It was nevertheless also hypothesized that 

given the Roman-like nature of the Cyrillic script used, such graphical representation 

would not be foreign enough to be able to exert any inhibiting influence. In short then, 

Experiment 2 aimed to shed light on the degree of script foreignness and answer the 

following question: how foreign does a script have to be in order to minimize its 

inhibiting effect on the acquisition of a consonantal contrast in a second language? The 

results of Experiment 2 demonstrate that participants in the CYRILLIC SCRIPT CONDITION 

were actually at a disadvantage compared to those in the NO ORTHOGRAPHY CONDITION, 

therefore supporting the first hypothesis. Thus, it seems like the degree of foreignness 

between an Arabic and Cyrillic script is not substantial enough to differentially affect the 

L2 phonological acquisition of a voiceless pharyngeal/uvular fricative contrast (cf. 

Section 2.8 for a comparison of these two foreign script conditions with one another).   

The results of the spelling identification post-test reflect only sufficient 

memorization of the written forms suggesting a possible disassociation between 

phonological and orthographic representations: if participants passably registered the 

spelled out forms of the items, this fragmentary knowledge was not integrated with their 

phonological knowledge of the L2 words. Note however that the phonological and 

orthographic encoding mechanisms must be interconnected at some level in order to 
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account for the negative interference of the former into the latter. It may then be the case 

that cognitive and mnemonic resources allocated to process and memorize the unfamiliar, 

written input were subtracted from those assigned to encode the words’ phonological 

content. All in all, Experiment 2 shows that, besides a completely foreign script (cf. 

Experiment 1), a seemingly foreign script can also negatively affect the phonological 

acquisition of a second language. 

 The results of this experiment not only parallel those obtained in the previous 

experiment, but also reveal that a “partially” foreign script equally impedes L2 

acquisition. Hence, while Experiment 1 suggests that this foreign script effect occurs at a 

word-based level of processing given the complete foreignness of the Arabic script, 

Experiment 2 suggests that this effect also manifests itself at a letter-based level of 

processing since not all characters composing a nonnative word were of a foreign nature. 

What is even more interesting is that none of the characters standing for the L2 contrast 

were foreign-looking, which introduces a potential confound of L1 GPCs activation 

driving the effect (this matter is addressed in Experiment 5). For now, it stands to reason 

that the inhibitory effect of a foreign script on L2 phonological acquisition is deep-seated 

and pervasive since it is observed at the level of the complete word, as well as at the level 

below the complete word.  

Experiment 3 was designed to further push the envelope regarding the degree of 

foreignness of the script and by so doing, further explore its letter-based influence. Based 

on the results of Experiments 1 and 2, Experiment 3 asked whether the phonological 

acquisition of the /ħ/-/χ/ contrast would be equally hindered if the degree of script 

foreignness is reduced to diacritic marks.  



76 
 

 

2.4 Experiment 3 – Roman script 

 Thus far the presence of an unfamiliar script in the course of nonnative word 

learning has been found to negatively affect the formation of an L2 phonological lexicon. 

It has also been found that this inhibitory effect equally occurs at both word-based and 

letter-based levels of linguistic processing. Experiment 3 was devised to further probe the 

letter-based nature of this effect of foreign script by entirely relying on Roman characters, 

with the caveat that the critical characters representing the /ħ/-/χ/ contrast would feature 

diacritic marks not utilized in the orthography of English (namely, a superscripted 

hyphen bar and a dot, both superimposed onto the letters < h > and < x > respectively)9. 

This orthographic manipulation served to examine whether even a highly attenuated 

degree of script foreignness would be capable of inducing phonological confusion. 

 Given this orthographic scenario, two hypotheses were entertained regarding the 

outcome of this experiment. First, it was envisaged that participants would be prompted 

to make use of the highly familiar and phonologically transparent script in their 

development of a nonnative phonological lexicon. Given that the presence of diacritic 

marks has been found to be helpful in a recent tone-learning study with native English-

speaking participants (Showalter and Hayes-Harb, 2013, cf. Chapter 1), the consideration 

of a facilitatory effect was warranted here. It was thus conceived that the diacritics might 

have cued participants into thinking that these symbols stood for different, non-L1 sounds 

− an analysis of the written stimuli which would have been supported by the auditory 

input. Therefore, participants’ orthographic knowledge of L2 words might have been 

                                                
9 Such symbols are for instance found in the Roman scripts of Maltese (for < ħ >) and Chechen (for < ẋ >), 
coincidentally both standing for the phoneme /ħ/. 
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more easily correlated with their phonological knowledge, yielding improved 

performance at test. In sum, facilitation in L2 phonological acquisition would ensue. 

The second outcome hypothesized was one that aligned with the previous results 

obtained, that is to say, one where learners would have found distracting even the 

slightest degree of orthographic unfamiliarity. Even though the English spelling system 

features a minimal amount of graphical accent marks, in large part due to the import of 

French words (e.g. < r(é)sumé/resume >, < exposé/expose >), the English orthography is 

mostly free of diacritic marks (which it readily omits in more established loans, such as < 

cafe > or < naive >). Hence, native English readers being relatively less accustomed to 

encountering diacritic signs in Roman script may be slightly disoriented by the use of 

diacritics such as a bar and a dot appended to familiar letters. Furthermore, there was still 

the potential for L1 GPCs to be activated, which could interfere with the process of 

establishing novel sound-letter correspondences (Escudero et al., 2014; cf. Chapter 1). If 

this turns out to be the case, accuracy on the phonological test would then be significantly 

lowered. In sum, inhibition in L2 phonological acquisition would ensue. 

 
2.4.1 Method 

 After completing the language background questionnaire, participants were 

assigned to a ROMAN SCRIPT CONDITION. The baseline NO ORTHOGRAPHY CONDITION is 

the same as in the previous two experiments. Data from two participants, who self-

identified as simultaneous Spanish-English bilinguals, was excluded from the final 

analysis, totaling a number of 21 participants in the ROMAN SCRIPT CONDITION10 (5 

                                                
10 One participant did abort the experiment in this condition. No data was recorded for this participant. 
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males, 16 females, mean age = 20.1, SD = 2.6). All participants receive pay or extra 

credit for their participation.  

 The auditory stimuli were the same as in Experiments 1 and 2. The visual stimuli 

were also the same, except that for the ROMAN SCRIPT CONDITION the written form 

underneath each pictured object was in Roman characters, where the pharyngeal fricative 

was represented by < ħ > (i.e. h-bar) and the uvular fricative by < ẋ > (i.e. x-dot). Table 

2.8 below presents the auditory and visual stimuli together, by word-learning conditions. 

 
Table 2.8: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 3. 
 

Auditory form [ħal] [χal] [ħif] [χif] [ħub] [χub] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Roman script ħal ẋal ħif ẋif ħub ẋub 

       

Auditory form [ħas] [χas] [ħin] [χin] [ħur] [χur] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Roman script ħas ẋas ħin ẋin ħur ẋur 

 
 
The procedure was identical to Experiments 1 and 2. 
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2.4.2 Results 

2.4.2.1 Phonological test 

The mean number of word-learning phases required to reach 90% criterion for the 

ROMAN SCRIPT CONDITION was 2.7 (SD = 1.1), ranging from 1 to 6 learning cycles. An 

ANOVA with Condition as a variable did not detect any significant difference in the 

number of learning cycles between the baseline NO ORTHOGRAPHY CONDITION and the 

ROMAN SCRIPT CONDITION (F(1, 40) = 0.07, p = 0.79, η2 = 0.001). Once again, these 

results confirm the fact that exposure to a foreign script in the course of lexical 

acquisition does not necessitate additional memorization time. 

Percent accuracy on the phonological test was again calculated for each 

participant for each word-learning condition and for matched and mismatched picture-

word pairs, as well as their overall accuracy. Group means and standard deviations are 

presented in Table 2.9. 

 
Table 2.9: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 3 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  89.6 (.08) 44.4 (.22) 67 (.28) 

Roman script condition  85.7 (.11) 31.3 (.25) 58.5 (.33) 
 
 
Table 2.9 indicates that performance on the matched picture-word pairs was again high in 

both word-learning conditions (89.6% − 85.7%), while performance on the mismatched 

picture-word pairs was again below chance level for both word-learning conditions 
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(44.4% − 31.3%). Again, based on raw mean values, performance in the NO 

ORTHOGRAPHY CONDITION was better than in the ROMAN SCRIPT CONDITION.  

 The same statistical procedure used in Experiments 1 and 2 was applied here also. 

A significant main effect of word-learning condition was obtained (F(1, 40) = 4.88, p = 

0.03, ηp
2 = 0.05), where participants in the NO ORTHOGRAPHY CONDITION outperformed 

those in the ROMAN SCRIPT CONDITION. There was also a highly significant main effect 

of item type (F(1, 40) = 140.06, p < 0.0001, ηp
2 = 0.65), where accuracy on match items 

far outweighed accuracy on mismatch items, but there was again no significant 

interaction between these two variables (F(1, 40) = 1.17, p = 0.28, ηp
2 = 0.01). An 

analysis of simple effects was therefore not conducted. Figure 2.6 illustrates these two 

significant main effects of Condition and Item type. 

 
 

 

 

 

 

 

 

 
Figure 2.6: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 3 (Roman script). 
 
 

A d-prime analysis probing participants’ sensitivity to the L2 contrast indicates 
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discerning stimuli containing the pharyngeal fricative from those containing the uvular 

fricatives, in comparison to learners in the script condition (M = 0.58, SD = 0.84; F(1, 40) 

= 4.41, p = 0.04, η2 = 0.09). Thus, the availability of a written representation did not 

enhance participants’ ability to distinguish very similar sounding L2 words, quite the 

contrary actually. A correlation analysis for the group of learners assigned to the ROMAN 

SCRIPT CONDITION did not find a significant relationship between the number of learning 

cycles and their subsequent performance on the phonological test phase (r(19) = -0.15, p 

= 0.49).  

 
2.4.2.2 Spelling identification post-test 

 For participants assigned to the ROMAN SCRIPT CONDITION, percent accuracy on 

the spelling identification post-test was calculated for each participant, for each target 

form (where a written form was paired with the correct pictured object) and for each 

same-phoneme form (where a written form encoding the same consonant phoneme as the 

target form was incorrectly matched with a pictured object). The mean percent accuracy 

on the target forms was 92 (SD = 0.07) and 3.5 (SD = 0.009) on the same-phoneme 

forms, unsurprisingly reflecting a very high propensity to recall the Roman written forms 

accompanying each pictured object. Participants therefore accurately memorized the 

written input available to them due to their familiarity with the Roman characters. Once 

again, a correlation between phonological accuracy and accuracy at spelling recall was 

not found to be significant (r(19) = 0.09, p = 0.69). 
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2.4.3 Discussion of Experiment 3 

 The motivation behind Experiment 3 was to extend our investigation of the 

influence of an unfamiliar script by introducing diacritical marks onto some characters of 

the Roman script. The results once again reveal an inhibitory effect of script on the 

formation of a nonnative phonological lexicon, whether this script appears as maximally 

or minimally unfamiliar to participants. Experiment 3 also substantiates the fact that this 

effect operates at a letter-based (or even smaller than a letter unit) level of processing 

given the otherwise familiar aspect of the Roman script. The data collected from the 

spelling identification post-test nevertheless reveal that such foreign characteristics did 

not in any way hinder their orthographic memory of the words, suggesting a previously 

alluded-to disassociation between phonological and orthographic working memory. How 

may we account for this discrepancy between interconnected processing mechanisms and 

divergent representational storages? 

 If we focus on the foreign aspect of the script, the diacritics used in this 

experiment, namely the hyphen bar and the dot, may actually not be that unfamiliar to 

English readers due to their status as punctuation marks, but not as graphemic marks. In 

other words, the hyphen and the dot are part of the punctuation system of written English, 

but not of its spelling system. Such displacement of signs between two cohabiting 

systems of convention may actually be at the heart of participants’ diverging 

performances on the phonological test. Hence, it is not so much the foreign appearance of 

the script that is at play, but the unexpected use of punctuation marks as graphemic marks 

that underlies participants’ difficulty associating the informational content of the acoustic 

stimuli with that of the written stimuli in the course of their linguistic processing. In 
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terms of working memory, imprints of familiar, written stimuli would not decay as 

rapidly as speech stimuli, therefore allowing participants to retain a trace of the words’ 

orthographic form. 

 Alternatively, if we focus on the Roman script itself, another explanation of the 

results may lie in the fact that the activation of the learners’ L1 grapheme-phoneme 

correspondences resulted in L2 phonological representations being shaped by the featural 

makeup of their native phonology. Despite the fact that participants in both learning 

conditions were told that they would be learning words in a foreign language, and that for 

those in the ROMAN SCRIPT CONDITION the graphical representation was slightly altered, 

a couple of the stimuli items (e.g. < ħas, ħub >) may nonetheless have activated L1 

lexical representations with such strength that it prevented the phonological system from 

entertaining the establishment of auditorily-informed L2 representations. Such 

explanation is at home with the idea of a Phonological Loop in Baddeley’s Working 

Memory Model (Baddeley, 1986, Baddeley et al., 1998) where acoustic input 

automatically and directly enters the phonological store, while written input is 

transformed into a phonological code and then stored. In the present case, this would 

mean that the Roman letters would be recoded according to the phonographemic 

stipulations of English, yielding phonological representations at odds with those 

putatively generated from the acoustic input. The short-term phonological store of 

participants exposed to both written and audio stimuli would therefore have been 

encumbered with two incongruent representations, thereby reducing their capacity to 

reliably encode the nonnative contrast. In comparison, participants in the NO 

ORTHOGRAPHY CONDITION only had the auditory stimuli to process and memorize (along 
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with the non-linguistic pictured objects). On the other hand, the feasibility of recoding 

Roman characters into a phonological representation resulted in participants’ high 

performance on the spelling identification post-test. 

 In order to tease apart these two competing explanations regarding the 

contribution of the diacritics on one hand and that of the activation of L1 grapheme-

phoneme correspondences on the other hand, another experiment manipulating diacritic 

signs and the Roman script was conducted.   

 
2.5 Experiment 4 − Diacritic script 

 Experiment 3 revealed an apparent inhibitory effect of unfamiliar diacritics in 

Roman script on participants’ ability to phonologically represent a sound distinction in a 

second language. However, this effect might also be attributed to L1 grapheme-phoneme 

correspondences creating L1 phonological codes that restrict the short-term phonological 

store from adequately positing auditorily-informed L2 representations. Experiment 4 was 

therefore designed to resolve this issue, by relying on the same diacritic marks (i.e. a 

hyphen and a dot), but this time superimposed onto the same letter < x > standing for the 

/ħ/-/χ/ contrast, such that the pharyngeal fricative was represented by < x̄ > (e.g. < x̄al > 

for [ħal]) and the uvular fricative by < ẋ > (e.g. < ẋal > for [χal]). This orthographic 

manipulation essentially served to homogenize and diminish the potential activation of 

L1 GPCs by differentiating minimal pairs only by their diacritic marks. 

 The predictions then are as follows: if the unfamiliar usage of the diacritics is 

indeed responsible for lower performance at test, an inhibitory effect should be obtained 

here as well between the NO ORTHOGRAPHY CONDITION and the DIACRITIC SCRIPT 

CONDITION. On the other hand, if the burden falls on the Roman script, activation of L1 
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GPCs would not be completely suppressed, but it would be increasingly reduced for two 

reasons. First, the same phonological code would be generated for both members of the 

L2 minimal pair, thus leaving more room in the short-term phonological store for other, 

speech-based representations. Second, the infrequent occurrence of word-initial < x > in 

English would keep down the phonological activation of L1 /z/, the English phoneme 

associated with word-initial < x > (e.g. < xylophone > /zaɪlofoʊn/). Combined, these 

characteristics were predicted to release enough cognitive resources in the short-term 

phonological store so as to minimize the alleged inhibitory effect of L1 GPCs. Hence, no 

significant difference in performance was expected between participants assigned to the 

NO ORTHOGRAPHY CONDITION and those assigned to the DIACRITIC SCRIPT CONDITION. 

 
2.5.1 Method 

 Participants filled out the language background questionnaire and were then 

assigned to a DIACRITIC SCRIPT CONDITION. The baseline NO ORTHOGRAPHY CONDITION 

is the same as in the previous experiments. Data from four participants, two who self-

identified as simultaneous Spanish-English bilinguals, one as a native speaker of Igbo 

and English, and one as a native speaker of Shona and English, was excluded from the 

final analysis, resulting in 21 participants in the DIACRITIC SCRIPT CONDITION (9 males, 

12 females, mean age = 20.3, SD = 2.6). All participants received pay or extra credit for 

their participation.  

 The auditory stimuli were the same as in Experiments 1 through 3. The visual 

stimuli were also the same, except that for the DIACRITIC SCRIPT CONDITION the written 

form underneath each pictured object used Roman letters, where the pharyngeal fricative 
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was represented by < x̄ > (i.e. x-bar) and the uvular fricative by < ẋ > (i.e. x-dot). Table 

2.10 below presents the auditory and visual stimuli together, by word-learning conditions. 

 
Table 2.10: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 4. 
 

Auditory form [ħal] [χal] [ħif] [χif] [ħub] [χub] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Diacritic script x̄al ẋal x̄if ẋif x̄ub ẋub 

       

Auditory form [ħas] [χas] [ħin] [χin] [ħur] [χur] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Diacritic script x̄as ẋas x̄in ẋin x̄ur ẋur 

 
 
The procedure was the same as in Experiments 1, 2 and 3. 

 
2.5.2 Results 

2.5.2.1 Phonological test 

The mean number of word-learning phases required to reach 90% criterion for the 

DIACRITIC SCRIPT CONDITION was 2.7 (SD = 0.9), ranging from 1 to 4 learning cycles. An 

ANOVA with Condition as a variable did not detect any significant difference in the 

number of learning cycles between the baseline NO ORTHOGRAPHY CONDITION and the 

DIACRITIC SCRIPT CONDITION (F(1, 40) = 0.08, p = 0.77, η2 = 0.002), supporting 
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previously found results regarding comparable memorization times across word-learning 

conditions. 

Percent accuracy on the phonological test was again calculated for each 

participant for each word-learning condition and for matched and mismatched picture-

word pairs, as well as their overall accuracy. Group means and standard deviations are 

presented in Table 2.11. 

 
Table 2.11: Mean percent accuracy for the matched, mismatched, and overall word-
picture pairs, by item type and word-learning condition, in Experiment 4 (standard 
deviation in parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  89.6 (.08) 44.4 (.22) 67 (.28) 

Diacritic script condition  88 (.11) 30.9 (.23) 59.5 (.34) 
 
 
Table 2.11 indicates that performance on the matched picture-word pairs was again 

similarly high in both word-learning conditions (89.6% − 88%), while performance on 

the mismatched picture-word pairs was again below chance level for both word-learning 

conditions (44.4% − 30.9%). Overall, performance in the NO ORTHOGRAPHY CONDITION 

was better than in the DIACRITIC SCRIPT CONDITION.  

 A mixed-design ANOVA was performed and revealed a main effect of word-

learning condition almost reaching significance (F(1, 40) = 3.90, p = 0.055, ηp
2 = 0.04), 

suggesting that participants’ performance in the NO ORTHOGRAPHY CONDITION was better 

than those assigned to the DIACRITIC SCRIPT CONDITION, but this difference was not 

found to be statistically robust. As always however a highly significant main effect of 

item type was found (F(1, 40) = 166.95, p < 0.0001, ηp
2 = 0.68), where accuracy on 
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match items far outweighed accuracy on mismatch items. Again, no significant 

interaction was detected between these two variables (F(1, 40) = 2.25, p = 0.14, ηp
2 = 

0.02). An analysis of simple effects was therefore not conducted. Figure 2.7 illustrates 

these results. 

 

 

 

 

 

 

 

 

 
Figure 2.7: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 4 (Diacritic script). 
 
 

D-prime scores were calculated for each subject in each L2 word-learning 

condition (NO ORTHOGRAPHY CONDITION: M = 1.11, SD = 0.77; DIACRITIC SCRIPT 

CONDITION: M = 0.68, SD = 0.83). The difference in learners’ ability to detect the L2 

contrast was not significant (F(1, 40) = 2.89, p = 0.09, η2 = 0.06), which confirms the 

non-significant difference between word-learning conditions. The relationship between 

the number of learning cycles that participants in the DIACRITIC SCRIPT CONDITION went 

through and their accuracy on the phonological test phase was also not significant (r(19) 

= 0.24, p = 0.29). 

 

No Ortho Diacritic Script

Condition

M
e

a
n

 A
c
c
u

ra
c
y

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

0.671 0.595

match mismatch

Item Type

M
e

a
n

 A
c
c
u

ra
c
y

0
.0

0
.2

0
.4

0
.6

0
.8

1
.0

0.889 0.377

*** 



89 
 

 

2.5.2.2 Spelling identification post-test 

 As is customary by now, percent accuracy on the spelling identification post-test 

for the DIACRITIC SCRIPT CONDITION was calculated for each participant, for each target 

form and for each same-phoneme form. The mean percent accuracy on the target forms 

was 88 (SD = 0.14) and 1.9 (SD = 0.0001) on the same-phoneme forms, indicating a 

reliable ability to recall the written forms, with their diacritics, associated with each 

pictured object. Participants therefore showed that they successfully registered the full 

orthographic forms of the L2 words, that is, their graphemes and diacritic marks, 

indirectly supporting the idea of distinct orthographic and phonological memory stores: if 

L1 phonological mediation was a prerequisite to mentally storing a written form, 

participants would have been unable to select the correct forms with such ease, on the 

basis of the letter strings alone, as they would have generated one and the same 

representation for two pictured objects. Hence, the diacritics were accurately interpreted 

as serving the function of distinguishing one pictured object from another, despite their 

unfamiliar status. Such insight was nevertheless not fully relegated to the phonological 

store so as to facilitate the creation of distinct L2 phonolexical representations (i.e. 

performance in the DIACRITIC SCRIPT CONDITION is still below that of the NO 

ORTHOGRAPHY CONDITION). Again, comparisons across experiments are provided in 

Section 2.8 of this chapter. Finally, a correlation analysis did not find a significant link 

between learners’ accuracy on the phonological test phase and their ability to accurately 

recognize orthographic forms of the L2 words learned (r(19) = 0.21, p = 0.34). 
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2.5.3 Discussion of Experiment 4 

By neutralizing the potential contribution of L1 grapheme-phoneme 

correspondences (GPCs), Experiment 4 set out to examine with more care the role played 

by the diacritics in a previously found inhibitory effect of script displaying such 

diacritics. It was hypothesized that if the diacritics are indeed the driving force behind the 

effect in Experiment 3, an inhibitory effect would be found here as well with the same 

diacritic marks. However, if it is the L1 GPCs that caused the effect, we expected to find 

no significant difference in performance between the two groups of learners since their 

effect would have been diminished.  

Adherence to strict standards of statistical significance compel us to consider the 

results obtained in Experiment 4 as supporting the postulate that the activation of L1 

GPCs is responsible for the previously obtained inhibitory effect. The lack of a 

significant difference between word-learning conditions indeed indicates that L1-English 

learners of Arabic were sheltered from the overpowering activation of native grapheme-

phoneme correspondences, which in turn allowed them to acquire the L2 contrast as 

satisfactorily as other learners not exposed to meaningful written labels. Some readers 

might consider the trend toward a significant effect (p = 0.05(5)) as an indicator that the 

diacritic marks negatively affected L2 phonolexical acquisition. It is entirely conceivable 

that a few more data points would have brought the p value towards unquestionable 

significance, but the present results indicate that the difference in phonological accuracy 

between learning groups has to be considered as not significant. This is also supported by 

the d-prime analysis.   
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The results of the spelling identification post-test however leave no room for 

speculation: the diacritics were reliably encoded as part of the orthographic form of the 

nonnative words, therefore revealing a certain degree of sensitivity to their contrastive 

function. Such orthographic knowledge was however not sufficiently converted into 

phonological knowledge so as to positively assist lexical discrimination. 

Besides reducing the activation strength of native grapheme-phoneme 

correspondences by relying on an infrequent letter word-initially, one might also argue 

that participants’ knowledge of a diacritic-based contrast may have suffused their 

phonological knowledge in such a way that it would have disrupted the otherwise 

influential effect of L1 GPCs. Hence, the diacritics may have acted as cues signaling a 

sound contrast that might have otherwise been effaced by the activation of L1 grapheme-

phoneme correspondences (in that case, the activation of /z/). In short, the diacritics may 

have buffered the obstructing effect of phonological recoding of the Roman letters and 

may have provided some information regarding the L2 phonological contrast (cf. 

Showalter and Hayes-Harb, 2013, where diacritics served as graphical cues signaling 

phonological contrasts).  

Because of the trend toward significance in Experiment 4, the conclusion reached 

here may be taken with caution. As such, it may remain somewhat unclear whether the 

inhibitory effect of the script in Experiment 3 is due to the irrepressible activation of 

native grapheme-phoneme correspondences or to the unfamiliar usage of diacritics. One 

way to settle this continuing conundrum and return to our original question regarding the 

potential effect of script foreignness/unfamiliarity on L2 phonolexical acquisition, would 

be to remove from the written representation both the diacritics and the native graphemes 
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encoding the L2 contrast and to replace them both with completely unfamiliar characters. 

Such modifications are thereby implemented in Experiment 5. 

 
2.6 Experiment 5 − Hybrid script 

The results of Experiment 4 showed that the neutralization of certain semi-

familiar elements in an otherwise unfamiliar script (i.e. Roman-like symbols triggering 

native grapheme-phoneme correspondences) contributes to diminishing the effect of a 

written representation on the acquisition of a phonological contrast in a second language. 

To further confirm these results, another condition was devised in which the characters 

representing the nonnative phonological contrast were Cyrillic while the rest of the 

written forms contained Roman letters (e.g. <  alҵ > for [ħal] and  < жal > for [χal]). This 

is essentially a reversal of familiar/unfamiliar characters from the Cyrillic script used in 

Experiment 2. This experimental change in stimuli thus eliminates the contentious role of 

both diacritics and L1 GPCs while maintaining the unfamiliarity factor that is at the core 

of this research. It also served to evaluate once more the apparent letter-based nature of 

the hindering effect of foreign characters on L2 phonolexical acquisition.  

The predictions for Experiment 5 are similar to those of Experiment 4: if 

unfamiliarity of the characters encoding the nonnative contrast is to blame, an inhibitory 

effect should be obtained; if on the other hand familiarity of the characters encoding the 

nonnative contrast is to blame, no effect of script should be found (because there is no 

possibility of interference from L1 phonological activation). This latter outcome would 

also call into question the existence of a foreign script effect at the level of individual 

characters.   
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2.6.1 Method 

 As is familiar by now, participants first answered questions about their language 

background and were subsequently assigned to a HYBRID SCRIPT CONDITION. The 

baseline NO ORTHOGRAPHY CONDITION is the same as in the four previous experiments. 

Data from nine simultaneous bilingual participants and one participant reporting dyslexia 

was excluded from the final analysis, resulting in 21 participants in the HYBRID SCRIPT 

CONDITION (8 males, 13 females, mean age = 19.3, SD = 1.9). All participants received 

pay or extra credit for their participation.  

 The auditory and visual stimuli were the same, except that for the HYBRID SCRIPT 

CONDITION the written form underneath each pictured object was mostly in Roman 

characters, but the pharyngeal fricative was represented by the Abkhaz Cyrillic symbol < 

ҵ > and the uvular fricative by the Cyrillic symbol < ж >. Table 2.12 below presents the 

auditory and visual stimuli together, by word-learning conditions. 
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Table 2.12: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 5. 
 

Auditory form [ħal] [χal] [ħif] [χif] [ħub] [χub] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Hybrid script ҵal жal ҵif жif ҵub жub 

       

Auditory form [ħas] [χas] [ħin] [χin] [ħur] [χur] 

Picture form 

      
No ortho xxx xxx xxx xxx xxx xxx 

Hybrid script ҵas жas ҵin жin ҵur жur 

 
 
The procedure was identical to the preceding four experiments. 

 
2.6.2 Results 

2.6.2.1 Phonological test 

The mean number of word-learning phases required to reach 90% criterion for the 

HYBRID SCRIPT CONDITION was 2.3 (SD = 1.05), ranging from 1 to 4 learning cycles. An 

ANOVA with Condition as a variable did not detect any significant difference in the 

number of learning cycles between the baseline NO ORTHOGRAPHY CONDITION and the 

HYBRID SCRIPT CONDITION (F(1, 40) = 1.60, p = 0.21, η2 = 0.03). Again, participants in 

both word-learning conditions experienced equivalent exposure to the stimuli until 

satisfactory memorization was attained.  
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Percent accuracy on the phonological test was again calculated for each 

participant for each word-learning condition and for matched and mismatched picture-

word pairs, as well as their overall accuracy. Group means and standard deviations are 

presented in Table 2.13. 

 
Table 2.13: Mean percent accuracy for the matched, mismatched, and overall word-
learning pairs, by item type and word-learning condition, in Experiment 5 (standard 
deviation in parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  89.6 (.08) 44.4 (.22) 67 (.28) 

Hybrid script condition  86.1 (.11) 34.9 (.24) 60.5 (.32) 
 
 
Table 2.13 indicates that performance on the matched picture-word pairs was again high 

in both word-learning conditions (89.6% − 86.1%), while performance on the 

mismatched picture-word pairs was again below chance level for both word-learning 

conditions (44.4% − 34.9%). Numerically, performance in the NO ORTHOGRAPHY 

CONDITION was better than in the HYBRID SCRIPT CONDITION.  

 A mixed-design ANOVA was performed but revealed no main effect of word-

learning condition (F(1, 40) = 2.52, p = 0.12, ηp
2 = 0.03), therefore failing to detect a 

significant difference in performance between the NO ORTHOGRAPHY CONDITION and the 

HYBRID SCRIPT CONDITION. Consistent with the previous experiments, a highly 

significant main effect of item type was found (F(1, 40) = 158.99, p < 0.0001, ηp
2 = 

0.64), where accuracy on match items far outweighed accuracy on mismatch items. 

Again, no significant interaction was detected between these two variables (F(1, 40) = 
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0.60, p = 0.44, ηp
2 = 0.006). An analysis of simple effects was therefore not conducted. 

Figure 2.8 graphically illustrates these results. 

 
 

 

 

 

 

 

 

 
Figure 2.8: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 5 (Hybrid script). 
 
 

A signal detection analysis computing d-prime scores for both conditions (NO 

ORTHOGRAPHY CONDITION: M = 1.11, SD = 0.77; HYBRID SCRIPT CONDITION: M = 0.60, 

SD = 0.94) was conducted here as well, yielding a non-significant difference in 

sensitivity to the L2 contrast across word-learning conditions (F(1, 40) = 3.56, p = 0.06, 

η2 = 0.08). A correlation analysis also found that the relationship between the number of 

learning cycles needed to pass criterion and participants’ phonological accuracy at test 

was not significant (r(19) = 0.06, p = 0.78) for the HYBRID SCRIPT CONDITION. 

 
2.6.2.2 Spelling identification post-test 

Percent accuracy on the spelling identification post-test for the HYBRID SCRIPT 

CONDITION was calculated for participant, for each target form (percent mean = 90.4, SD 

= 0.08) and for each same-phoneme form (percent mean = 2.3, SD = 0.02). Once again, 
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participants were able to memorize the orthographic forms of the L2 words with great 

accuracy, despite the presence of unfamiliar characters word-initially. In comparison to 

the post-test results of Experiment 2, which also contained distinct Cyrillic characters 

(albeit not word-initially), a clear and statistically significant difference in accuracy can 

be found (F(1, 40) = 28.46, p < 0.0001, ηp
2 = 0.41), which can be due to the presence of 

more than two Cyrillic characters and/or to their less prominent word position in 

Experiment 2. Thus, this difference in participants’ ability to reliably recall the spelled 

out forms of L2 words featuring a blend of Cyrillic and Roman characters reinforces the 

idea of differential attention to letter units, which in turn affects their phonological 

knowledge of the words. Again, no significant correlation (r(19) = 0.29, p = 0.20) was 

detected between accuracy on the phonological test phase and accuracy on the spelling 

identification post-test phase of the experiment, for participants in the HYBRID SCRIPT 

CONDITION.   

 
2.6.3 Discussion of Experiment 5 

The objective of Experiment 5 was to further probe the possible, inhibitory, letter-

based effect of foreign script on the acquisition of a nonnative phonological contrast in a 

second language. Consequently, Experiment 5 set out to investigate the input of character 

unfamiliarity by relying on word-initial Cyrillic letters while keeping the rest of the 

orthographic material in Roman script. It was hypothesized that if letter unfamiliarity 

indeed plays a role in negatively influencing phonological acquisition, a hindering effect 

should be found.  

The lack of a significant difference in performance between the two groups of 

learners reveals that it is not the unfamiliar nature of the letters encoding the contrast that 
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is responsible for the previously found effects in Experiments 2 and 3, but in fact, it is the 

familiar nature of the letters that activates L1 phonological units, hence interfering with 

the ability to satisfactorily establish the nonnative contrast. The lack of a difference in 

Experiments 4 and 5 allows us to conclude that there is no effect of foreign script at the 

level of individual characters, but that, in light of results of Experiments 2 and 3, there is 

a letter-based effect of L1 GPCs. On that account, these findings substantiate the findings 

recently reported by Escudero et al. (2014; cf. Chapter 1).  

 The high performance on the spelling identification post-test in the HYBRID 

SCRIPT CONDITION also shows that the ability for participants to passably recode the 

written input into a phonological form facilitates storage of that word’s orthographic 

form. This however comes at the detriment of reliably encoding the L2 contrast, if and 

only if, it is transcribed with Roman letters (cf. Experiments 2, 3, and 4). It may be added 

that the distinctive graphical composition of the only two Cyrillic symbols used in this 

experiment may have also aided participants’ visual memory of the written forms.  

 
2.7 Spelling Experiments 

The set of experiments presented thus far reveals either a hindering effect of a 

foreign script (Experiment 1) or one of L1 GPCs (Experiments 2 and 3) on phonological 

acquisition in a second language. A small number of L2 word-learning studies (cf. 

Section 1.2.3.1) have however reported a facilitative effect of a written representation in 

the course of nonnative word-learning. An effort was therefore made to try to understand 

the apparent disconnect in orthographic effects between these studies and the ones carried 

out here.  
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A review of the studies reporting facilitative effects of a written input led to the 

assumption that they unintentionally tapped into something we may call intuition. For 

instance, the facilitative effect of diacritics in a recent tone-learning experiment 

(Showalter and Hayes-Harb, 2013; cf. Chapter 1) may be due to the fact that a high-rising 

tone was associated with an ascending diacritic bar, a low-falling-rising tone was 

matched with a U-shaped diacritic, and a high-falling tone corresponded to a descending 

diacritic bar. Such a priori intuitive correlation between the auditory and graphical 

stimuli may well be at the root of the facilitative effect. In that vein, two spelling 

experiments were conducted in an attempt to arrive at a more intuitive way to 

symbolically represent the L2 Arabic contrast, by having native speakers of English listen 

to and spell out the auditory stimuli. The outcome of these spelling experiments was 

meant to inform subsequent word-learning experiments. 

 
2.7.1 Spelling Experiment 1 

The experimental procedure of these spelling experiments was quite rudimentary. 

Five monolingual native speakers of English (5 females, mean age = 20.4, SD = 1.95) sat 

in a sound booth to listen to the Arabic auditory stimuli via headphones. Participants 

were instructed to spell out on a piece of paper each foreign word they heard, as best they 

could. They were also asked not to pause or rewind the audio file at any point during their 

listening/spelling session. All 12 Arabic auditory stimuli (interleaved with five second 

pauses) were presented in random order in each of three blocks, such that each word was 

heard a total of three times, altogether yielding fifteen orthographic forms for each word 

(5 spellers, 3 forms per word). Participants’ spelling renditions are tabulated below for 

each auditory stimulus (numbers in parentheses indicate frequency of each spelling).  



100 
 

 

Table 2.14: Spelling renditions for each Arabic auditory item in Spelling Experiment 1 
(numbers in parentheses indicate frequency of each spelling). 

 
/ħal/ hal (13), hale, haal 

/ħas/ has (11), haus, hash, haas, haz 

/ħif/ heif (10), hive (3), haif (2) 

/ħin/ hein (10), hiene (3), heine, heinie 

/ħub/ hub (6), whoob (3), houb (2), heub (2), hoob, heoob 

/ħur/ hur (6), hour (3), heur (3), whor (2), whoor 

/χal/ hal (7), heil (2), haal (2), hel (2), haile, hale 

/χas/ has (11), haz (2), hras, hash 

/χif/ heive (6), heiv (3), hive (3), heif (2), heifv 

/χin/ hein (9), heine (2), hriene (2), rine, jein 

/χub/ hub (6), whoob (3), houb (2), hoob (2), heub (2) 

/χur/ hur (5), hour (3), whoor (2), hore, hoor, hor, hough, whor 
 
 
As is can be seen in Table 2.14, participants predominantly resorted to the grapheme < h 

> to symbolically represent both of the Arabic voiceless fricatives. A basic count of < h > 

and other, non-< h > forms makes this observation more striking, as can be seen in Table 

2.15 below. 

 
Table 2.15: Word-initial grapheme count and percentage for each L2 phoneme in 
Spelling Experiment 1 (raw count in parentheses). 
 

 /ħ/ /χ/ TOTAL 

< h > forms 93.3% (84/90) 87.7% (79/90) 90.5% (163/180) 

other forms 6.6% (6/90) 12.2% (11/90) 9.4% (17/180) 
 
 
It can be concluded from this that participants did not contrast, in writing, the two 

nonnative phonemes. This outcome supports the position that native grapheme-phoneme 
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correspondences may well have been activated in Experiments 2 and 3, hence blocking 

successful L2 phonological acquisition. 

Because the items were presented here in random order, it may be that their 

auditory discrimination was rendered inconspicuous. Spelling Experiment 2 therefore 

served to accentuate the L2 contrast by presenting words in minimal pairs so as to elicit 

distinct orthographic forms. 

 
2.7.2 Spelling Experiment 2 

Similar to Spelling Experiment 1, this experiment involved another group of five 

monolingual native speakers of English (2 males, 3 females, mean age = 22, SD = 4.14) 

to listen to and spell out the Arabic auditory stimuli. All 12 items (interleaved with five 

second pauses) were this time presented as minimal pairs in each of three blocks, such 

that each word was heard a total of three times, altogether yielding fifteen orthographic 

forms for each word (5 spellers, 3 forms per word). Participants’ spelling renditions are 

again tabulated below for each stimuli (numbers in parentheses indicate frequency of 

each spelling). 
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Table 2.16: Spelling renditions for each Arabic auditory item in Spelling Experiment 2 
(numbers in parentheses indicate frequency of each spelling). 
 
/ħal/ hal (6), chal (3), hale (2), haal, fahl, faal                                                        only 14 forms 

/ħas/ has (7), chas (3), haas (2), hav (2), haav 

/ħif/ heif (5), hief (3), haife (3), hife (3), heigh 

/ħin/ hein (4), hine (4), hien (3), hain (2), haine, fine 

/ħub/ hoob (7), hube (3), houb (2), holb, whoob, woob 

/ħur/ hool (4), whoor (3), hude (3), hour, whur, whure, horl, fur 

/χal/ hcal (3), hal (3), chal (2), thale (2), hgall, ghhal, ghal, hzal, fahl 

/χas/ has (6), hcas (2), ghaas, ghas, chas, hzas, hqas, hqaas                                   only 14 forms 

/χif/ haife (3), hife (3), gheif (2), hyeif, heif, heigh, hceif, quief, hzief, hqief 

/χin/ hcein (3), hine (3), hqien (2), hain (2), haine, ghine, ghrine, hgrein, hzien 

/χub/ houb (3), hube (3), ghoob (2), hoob (2), hob, holb, woob, wqob, hqoob 

/χur/ hude (3), hur, whur, whure, ghur, ghool, ghoor, hore, horl, hcool, wzoor, whoor, wqhoor 

 
 
Unlike the previous spelling experiment, Table 2.16 shows that while participants mostly 

relied on < h > to transcribe the pharyngeal fricative, and to a lesser extent the uvular 

fricative as well, they nevertheless produced a number of creative spellings to represent 

/χ/. Again, a basic count of < h > and other, non-< h > forms makes this observation more 

apparent, as can be seen in Table 2.17 below. 

 
Table 2.17: Word-initial grapheme count and percentage for each L2 phoneme in 
Spelling Experiment 2 (raw count in parentheses). 
 

 /ħ/ /χ/ TOTAL 

< h > forms 80.8% (72/89) 43.8% (39/89) 62.3% (111/178) 

other forms 19.1% (17/89) 56.1% (50/89) 37.6% (67/178) 
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The results of this experiment therefore indicate that participants were able to 

orthographically contrast the two nonnative phonemes when presented as minimal pairs. 

However, as a group, they did not manage to provide a form-consistent spelling for the 

uvular fricative.  

As far as intuitive spelling goes then, the outcome of the first spelling experiment 

shows no encoding of the L2 sound difference in writing, and when explicitly given 

minimal pairs as in the second spelling experiment, the effort is there but is inconsistent. 

In going forward, this means that any subsequent script treatment, presented in the course 

of word learning with this particular contrast, would be less intuitive than diacritics 

representing L2 tone contrasts. A facilitation effect of spelling in the acquisition of this 

pharyngeal/uvular contrast is therefore unlikely to be obtained using even a familiar 

script like the Roman script. 

 
2.8 Summary of Experiments and General Discussion 

Chapter 2 reports results from five word-learning experiments investigating the 

role of script unfamiliarity in the ability of English-speaking participants to memorize 

Arabic words exhibiting the phonological contrast /ħ/-/χ/ word-initially. Table 2.18 below 

briefly summarizes the findings of these experiments. 
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Table 2.18: Summary of results for each of the five L2 word-learning experiments in 
Chapter 2. 

 
Word-learning Experiments Script effect Post-test accuracy 

1 | No ortho ~ Arabic script inhibitory (p = 0.01) 32.1% 

2 | No ortho ~ Cyrillic script inhibitory (p = 0.02) 61.1% 

3 | No ortho ~ Roman script inhibitory (p = 0.03) 92% 

4 | No ortho ~ Diacritic script none (p = 0.055) 88% 

5 | No ortho ~ Hybrid script none (p = 0.12) 90.4% 
 
 

Experiment 1 found an inhibitory effect of Arabic script where participants 

exposed to such script performed significantly less accurately than their counterparts 

assigned to a NO ORTHOGRAPHY CONDITION. This effect was attributed to both the 

graphical nature of the Arabic script and the relative unfamiliarity of the phonological 

contrast to be learned. Experiment 1 also reveals that the unfamiliar script effect operates 

at a word-based level of processing. Experiment 2 sought to further investigate this 

unfamiliarity effect by resorting to Cyrillic script, which can be viewed as graphically 

less foreign. This experiment also yielded an inhibitory effect, which was first attributed 

to the unfamiliarity of the script (and the L2 contrast). The possibility of this hindering 

effect of foreign script also operating at a letter-based level of processing was entertained, 

given the non-familiarity of only some of the Cyrillic characters. Experiment 3 went even 

further by relying on Roman script exhibiting small traces of unfamiliarity in the form of 

diacritic marks appended onto familiar letters. Here also, an inhibitory effect was 

obtained, which could either be attributed to the diacritics themselves or to the hindering 

activation of L1 grapheme-phoneme correspondences (GPCs). The possibility that 

diacritics may exert an inhibiting effect on phonological processing was believed to 
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support the idea of a letter-based influence of foreign script. Experiment 4 therefore 

sought to tease apart these two possibilities by utilizing the same diacritics but imposing 

them onto the same familiar letter representing both nonnative phonemes. The results of 

Experiment 4 showed that by resorting to the same Roman character encoding the L2 

contrast, the activation of L1 GPCs is neutralized, in turn considerably diminishing the 

hindering effect of the script. Experiment 5 finally eliminated the contentious 

contributions of both diacritics and L1 GPCs by making use of Cyrillic characters 

representing the L2 contrast. By so doing, any effect of script was also removed. 

Because of the experimental constant throughout these five experiments, an 

overall ANOVA with Condition (F(5,120) = 1.54, p = 0.18, ηp
2 = 0.02) and Item type 

(F(1,120) = 529.11, p < 0.0001, ηp
2 = 0.69) as variables can be applied, finding no 

significant main effect of Condition, but one of Item type (where performance on 

matched items was significantly more accurate than on mismatched items). Although the 

lack of a significant effect of Condition does not warrant pairwise comparisons, the 

statistical analyses are nevertheless worth pursuing in order to uncover potential 

differences among the various script treatments: Arabic script ~ Cyrillic script: F(1, 40) = 

0.06, p = 0.8, ηp
2 < 0.001; Arabic script ~ Roman script: F(1, 40) = 0.003, p = 0.9, ηp

2 < 

0.001; Arabic script ~ Diacritic script: F(1, 40) = 0.11, p = 0.7, ηp
2 = 0.001; Arabic script 

~ Hybrid script: F(1, 40) = 0.32, p = 0.5, ηp
2 = 0.003; Cyrillic script ~ Roman script: F(1, 

40) = 0.02, p = 0.8, ηp
2 < 0.001; Cyrillic script ~ Diacritic script: F(1, 40) = 0.01, p = 0.9, 

ηp
2 < 0.001; Cyrillic script ~ Hybrid script: F(1, 40) = 0.12, p = 0.7, ηp

2 = 0.001; Roman 

script ~ Diacritic script: F(1, 40) = 0.06, p = 0.8, ηp
2 < 0.001; Roman script ~ Hybrid 

script: F(1, 40) = 0.21, p = 0.6, ηp
2 = 0.002; Diacritic script ~ Hybrid script: F(1, 40) = 
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0.05, p = 0.8, ηp
2 < 0.001. Although not the focus of this work, such analyses comparing 

performances across script conditions yielded no significant differences, indicating no 

inhibitory or facilitatory prevalence of one unfamiliar script over another. Table 2.19 

below summarizes all of these findings in a more comprehensible way. 

 
Table 2.19: Summary of results for all pairwise comparisons between L2 word-learning 
conditions in Chapter 2. 

 
CONDITIONS No ortho Arabic Cyrillic Roman Diacritic 

Arabic p = 0.01 (Exp. 1)     

Cyrillic p = 0.02 (Exp. 2) n.s.    

Roman p = 0.03 (Exp. 3) n.s. n.s.   

Diacritic n.s. (Exp. 4) n.s. n.s. n.s.  

Hybrid n.s. (Exp. 5) n.s. n.s. n.s. n.s. 
 
 

Altogether, these five word-learning experiments enable us to answer the research 

questions outlined in Chapter 1, reiterated here for convenience’s sake. 

 
I. Does L2 script unfamiliarity play a role in establishing distinct L2 

phonological representations? 
 

II. At which level of linguistic processing does a written representation affect 
the formation of an L2 phonological lexicon? 
 

III. How do script unfamiliarity and level of linguistic processing interact in the 
acquisition of an L2 phonological contrast? 

 
Experiment 1 points to the fact that when a nonnative phonological contrast is 

particularly difficult to acquire for L1 English speakers – supposedly when both members 

of the contrasting pair are non-L1 phonemic categories – the presence of a completely 

foreign script impedes the successful acquisition of that contrast at a phonolexical level 
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of representation. Hence, all else being equal, the unfamiliar graphics of the Arabic script 

are responsible for interfering with L2 phonological processing and representation. This 

conclusion answers our first research question.  

This foreign script effect is however not operational at a letter-based level of 

linguistic processing when considering the results of Experiments 2 and 3. Indeed, the 

inhibitory effects obtained in these experiments are linked to the competing activation of 

the native phonology via grapheme-phoneme correspondences. The results of Experiment 

4 suggest that reducing the strength of L1 GPC activation also reduces the magnitude of 

the inhibitory effect they exert on L2 phonolexical acquisition. In addition, one might 

also reckon that the diacritics in Experiment 4 acted as buffer to this hindering activation 

of L1 phonology. As far as our second research question is concerned then, the level of 

linguistic processing affecting L2 phonological acquisition is below the whole word: 

individual Roman letters activating L1 phonemes can prevent the establishment of novel 

phonemic categories in a second language.  

Lastly, answering our third research question, the lack of significant results in 

Experiment 5 essentially invalidate the idea of a letter-based effect of foreign script given 

that the unfamiliar characters encoding the L2 contrast did not produce an inhibitory 

effect. What they did however is prevent the activation of L1 phonemes, which in turn 

removed competition from acquiring L2 phonemic categories. Thus, the results of 

Experiments 2 to 5 strongly suggest a letter-based effect of familiar, Roman script, 

interfering with L2 phonological acquisition. Such effects of L1 GPCs bring to light the 

strong hold of native orthographic rules on L2 phonological processing (Escudero et al., 

2014). 
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With regards to participants’ performance on the spelling identification post-tests, 

a similar overall ANOVA analysis can be conducted, with Condition as our main variable 

(F(4,100) = 59.51, p < 0.0001, η2 = 0.70), revealing a significant effect of Condition on 

participants’ ability to recall the orthographic forms of the experimental stimuli. Pairwise 

comparisons enable us to identify which of the word-learning conditions were 

significantly different from the others: Arabic ~ Cyrillic: F(1, 40) = 20.20, p < 0.0001, η2 

= 0.33; Arabic ~ Roman: F(1, 40) = 213.89, p < 0.0001, η2 = 0.84; Arabic ~ Diacritic: 

F(1, 40) = 129.94, p < 0.0001, η2 = 0.76; Arabic ~ Hybrid: F(1, 40) = 195.73, p < 0.0001, 

η2 = 0.83; Cyrillic ~ Roman: F(1, 40) = 32.25, p < 0.0001, η2 = 0.44; Cyrillic ~ Diacritic: 

F(1, 40) = 19.67, p < 0.0001, η2 = 0.32; Cyrillic ~ Hybrid: F(1, 40) = 28.46, p < 0.0001, 

η2 = 0.41; Roman ~ Diacritic: F(1, 40) = 1.28, p = 0.26, η2 = 0.03; Roman ~ Hybrid: F(1, 

40) = 0.45, p = 0.50, η2 = 0.01; Diacritic ~ Hybrid: F(1, 40) = 0.44, p = 0.51, η2 = 0.01. 

These results are again tabulated for ease of presentation. 

 
Table 2.20: Summary of results on the spelling identification post-tests for all pairwise 
comparisons between L2 word-learning conditions in Chapter 2. 
 

CONDITIONS Arabic Cyrillic Roman Diacritic 

Cyrillic p < 0.0001    

Roman p < 0.0001 p < 0.0001   

Diacritic p < 0.0001 p < 0.0001 n.s.  

Hybrid p < 0.0001 p < 0.0001 n.s. n.s. 
 

 
These results show that participants’ recollection of the orthographic forms 

primarily differed based on whether the script treatment was mostly Roman-like or not, 

where accuracy was significantly better in conditions featuring a Roman-like script (i.e. 
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Roman, Diacritic, and Hybrid) than in conditions featuring a non-Roman-like script (i.e. 

Arabic and Cyrillic). A noticeable difference can also be observed between Arabic and 

Cyrillic scripts, indicating that superficially Roman-looking scripts can also be partially 

memorized (although not as accurately as the other Roman-like scripts). Such results 

demonstrate that the ability to decode the written input into a corresponding phonological 

representation facilitates memory of that visual input. 

Finally, the two spelling experiments did not produce any reliable orthographic 

forms capable of serving as written stimuli in another word-learning experiment. They 

did however support the interpretation that native grapheme-phoneme correspondences 

are likely activated in the course of L2 phonological processing (i.e. the letter < h > 

triggers its phonological counterpart in such a way that it interferes with learners’ ability 

to create new phonological categories for L2 sounds). In light of these results, the lack of 

perspective on additional orthographic forms to manipulate, coupled with a nonnative 

phonological contrast that might be too challenging to acquire in such a short period of 

time, led to the consideration of another phonological contrast that may be learnable with 

more ease and that may lend itself to more intuitive graphical representations. Hence, 

Chapter 3 reports on experiments investigating the acquisition of another consonantal 

contrast in Japanese. 
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CHAPTER 3  

 
 

3.1 Introduction 

The previous chapter reported results from five word-learning experiments 

showing that the acquisition of an unfamiliar phonological contrast in Arabic can be 

negatively impacted by the presence of a foreign script (at a word-based level of 

phonographic processing) or familiar characters (at a letter-based level of phonographic 

processing). Chapter 3 presents findings from another set of five word-learning 

experiments still concerned with the contribution of a written representation during the 

acquisition of a phonological contrast in Japanese. The contrast of interest relates to the 

lexically meaningful distinction between short (singleton) versus long (geminate) 

consonants (Lahiri and Hankamer, 1988), as for example in the pair of Japanese words 

/oto/ ‘sound, noise’ and /otto/ ‘husband’. While the L2 perceptibility and discriminability 

of such a length-based contrast has been the focus of some work (Han, 1992, 1994; 

Hayes, 2002; Hayes-Harb, 2005; Hardison and Motohashi-Saigo, 2010; Takeuchi, 2010; 

Altmann et al., 2012; Tsukada, 2013 [for vowels]), its acquisition by native English 

speakers for lexical purposes has comparatively received less attention (Hayes-Harb and 

Masuda, 2008 [cf. Chapter 1]; Kojima and Darcy, 2012; Daidone and Darcy [for Spanish 

/r/-/rr/]). The present chapter therefore serves to enrich this literature, in addition to 

examining potential influences of native and non-native orthographic input on the L2 

acquisition process. 

Thus, the experiments presented in this chapter investigate how monolingual 

English speakers learn to lexically discriminate medial singleton from geminate 
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consonants in Japanese when exposed to the language for the first time. In the same vein 

as Chapter 2, a variety of script designs have been manipulated in an attempt to uncover 

native and non-native orthographic effects at both word-based and letter-based levels of 

linguistic processing. Experiment 6 then examines the impact of another foreign script 

(i.e. Hiragana) on L2 phonolexical acquisition, with the objective of drawing a parallel 

with Experiment 1 of the preceding chapter. This experiment serves to complement 

findings related to the first research question about script unfamiliarity, outlined in 

Chapter 1. Experiment 7 on the other hand is concerned with letter-based effects of a 

Roman/Cyrillic blended script, while Experiment 8 enhances the unfamiliar elements 

featured in that blended script so as to indirectly focus learners’ attention on the relevant 

auditory contrast necessary to form target-like phonological representations. These two 

experiments are therefore geared towards addressing the third research question 

concerning the interaction between script unfamiliarity and the levels of linguistic 

processing. They also serve to observe whether the same graphical configuration used in 

Chapter 2 has a similar effect on a different phonological contrast. Experiment 9 departs 

from the other experiments in that it relies on written forms that are completely familiar 

to English readers (i.e. with Roman letters exclusively) to test whether a familiar script 

might facilitate rather than inhibit L2 phonological learning. This experiment primarily 

focuses on addressing the second research question about the level of linguistic 

processing without the potential effect of script foreignness. Finally, Experiment 10 

focuses again on foreign script effects at the level of individual characters, where the 

characters encoding the L2 phonological contrast are less transparent than in any of the 
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previous experiments in this chapter. This last experiment further serves to answer 

research question III. All of these script treatments are summarized in the table below. 

 
Table 3.1: Script treatments applied in each of the five L2 word-learning experiments in 
Chapter 3. 
 

Experiments Script treatments Illustrative examples 

6 Hiragana script ぺて / ぺって 

7 Hybrid script  
(Roman/Cyrillic characters blended) peҵe / peҵҵe 

8 Enhanced Hybrid script  
(Roman/Cyrillic characters blended and enhanced) peҵe / peҵҵe 

9 Roman script peto / petto 

10 Opaque Hybrid script  
(Roman/Cyrillic characters blended and opaque) peҵe / peдe 

 
 

Similar to Chapter 2, two spelling experiments of the Japanese auditory stimuli 

were implemented. These experiments have the objective of uncovering listeners’ 

perception and transcription of the acoustic signal into an orthographic representation. 

Given the length nature of the L2 phonological contrast, it is believed that L1 English 

listeners would make use of Roman characters to symbolize the difference between a 

short and long consonant (if such distinction is indeed perceived).  

 
3.2 Experiment 6 − Hiragana script 

This experiment mirrors Experiment 1 of Chapter 2 in that it seeks to test the 

effect of another type of foreign script on the acquisition of a novel, nonnative 

phonological contrast. More specifically, this experiment makes use of the Japanese 

Hiragana script to investigate whether it impedes the establishment of a phonological 

contrast at a word-based level of processing, to the same extent as the Arabic script did.  
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In light of the results obtained in Experiment 1, the prediction was that the 

Japanese Hiragana script would also exert an inhibiting influence on participants’ ability 

to posit an L2 phonological contrast given their complete unfamiliarity with the script. It 

was therefore expected that participants in the HIRAGANA SCRIPT CONDITION would 

perform significantly worse than their peers in the NO ORTHOGRAPHY CONDITION. On the 

other hand, given the nature of the contrasts used (i.e. /s, t, k/ vs. /ss, tt, kk/), where all of 

the singleton phonemes are also native English categories, it may be the case that the 

foreign script actually exerts no influence whatsoever. Such outcome would parallel the 

results of Showalter (2012) with an Arabic contrast featuring an L1 category member (cf. 

Chapter 1).  

 
3.2.1 Method 

Adult participants enrolled in undergraduate courses at the University of Arizona 

were recruited to take part in a series of word-learning experiments for which they 

received course credit. Prior to engaging in the experiment, they filled out a consent form 

and a language background questionnaire on which they reported their first and second 

language experiences, as well as any known language impairment. Participants were then 

randomly assigned to one of two word-learning conditions: a NO ORTHOGRAPHY 

CONDITION (which again serves as the baseline for all subsequent experiments in Chapter 

3), and a HIRAGANA SCRIPT CONDITION, detailed below. 

Data selection for the statistical analysis was again performed in accordance with 

the criteria delineated in Section 2.2.1.1 of Chapter 2. Consequently, data from thirteen 

participants was discarded from the NO ORTHOGRAPHY CONDITION and eight from the 
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HIRAGANA SCRIPT CONDITION11 based on participants’ simultaneous bilingualism, 

attentional deficit (e.g. ADHD), and/or because of their knowledge of a second language 

featuring the contrast under study (e.g. Japanese and Italian). After these exclusions, each 

condition included 21 participants (NO ORTHOGRAPHY CONDITION: 6 males, 15 females, 

mean age = 18.4, SD = 0.74; HIRAGANA SCRIPT CONDITION: 7 males, 14 females, mean 

age = 20, SD = 1.75). 

The auditory stimuli were those of Hayes and Masuda’s study (2008; cf. Chapter 

1), plus four items recorded by the same native Japanese speaker in the same session, 

which were not included in their study. These stimuli consisted of 12 (C)VCV non-

words, where the second consonant was either a singleton or geminate, which together 

formed six minimal pairs contrasting only in the medial consonant: two pairs contrasted 

/t/-/tt/, two pairs contrasted /s/-/ss/, and two pairs contrasted /k/-/kk/. The visual stimuli 

consisted of the same line-drawing pictures of recognizable objects (Brodeur et al., 2010) 

used throughout Experiments 1 to 5. The visual stimuli in the NO ORTHOGRAPHY 

CONDITION featured a sequence of four X’s underneath each pictured object, while those 

in the HIRAGANA SCRIPT CONDITION had the non-words transcribed using their 

corresponding Hiragana symbols. Table 3.2 below presents the auditory and visual 

stimuli together, by word-learning conditions. 

 
 
 
 
 
 
 

                                                
11 One participant aborted the experiment in the NO ORTHOGRAPHY CONDITION and one in the HIRAGANA 
SCRIPT CONDITION. No data was recorded for these participants. 
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Table 3.2: Example stimuli of auditory-picture-script association by word-learning 
condition in Experiment 6. 
 

Auditory form [pete] [pette] [tese] [tesse] [eke] [ekke] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hiragana script ぺて ぺって てせ てっせ えけ えっけ 

       

Auditory form [keto] [ketto] [meso] [messo] [eko] [ekko] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hiragana script けと けっと めそ めっそ えこ えっこ 

 
 
The experimental procedure is identical to that of Chapter 2. 

 
3.2.2 Results 

3.2.2.1 Phonological test 

As far as the word-learning phases go, the mean numbers required to reach 90% 

criterion for the NO ORTHOGRAPHY CONDITION was 2.5 (SD = 1.3), ranging from 1 to 7 

learning cycles, and 3.1 (SD = 1.4) for the HIRAGANA SCRIPT CONDITION, ranging from 1 

to 6 learning cycles. An ANOVA with Condition as a variable did not detect a significant 

difference in the number of learning cycles between the two word-learning conditions 

(F(1, 40) = 1.95, p = 0.17, η2 = 0.04), suggesting that the foreign script did not 

considerably slow down learners on the amount of time necessary to satisfactorily 

memorize the L2 non-words. 
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Percent accuracy on the phonological test was calculated for each participant for 

each word-learning condition and for matched and mismatched picture-word pairs, as 

well as their overall accuracy. Group means and standard deviations are presented in 

Table 3.3. 

 
Table 3.3: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 6 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  87.3 (.09) 45.2 (.24) 66.2 (.28) 

Hiragana script condition  85.3 (.09) 34.9 (.25) 60.1 (.31) 
 
 
Table 3.3 shows high performance on the matched picture-word pairs in both word-

learning conditions (87.3% – 85.3%) but poor performance on the mismatched picture-

word pairs in both word-learning conditions (45.2% – 34.9%). Numerically, performance 

was again slightly better in the NO ORTHOGRAPHY CONDITION than in the HIRAGANA 

SCRIPT CONDITION.  

A mixed-design ANOVA was applied to the aggregated data where word-learning 

condition constituted a between-participant variable (two levels: no orthography and 

Hiragana script), and item type a within-participant variable (two levels: matched and 

mismatched). A main effect of word-learning condition was not obtained (F(1, 40) = 

1.96, p = 0.16, ηp
2 = 0.026), but a main effect of item type was found to be highly 

significant (F(1, 40) = 135.38, p < 0.0001, ηp
2 = 0.60). Participants were more accurate 

on matched items than on their mismatched counterparts, revealing that they encountered 

great difficulty at distinguishing the two nonnative sounds. An interaction between these 
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two variables was not found to be significant (F(1, 40) = 1.09, p = 0.30, ηp
2 = 0.012), 

obviating the need to conduct an analysis of simple effects.  

This lack of a significant difference across word-learning conditions means that 

participants exposed to the foreign script did not perform statistically differently from 

those exposed to a sequence of Xs. In other words, the presence of a foreign script in the 

course of word learning in a second language did not exert any noticeable effect on 

participants’ phonological representation of these non-words. The present lack of a 

significant effect of foreign script on L2 phonolexical acquisition does not align with the 

results obtained in Experiment 1 of Chapter 2, with the Arabic script. We note however 

that performance in the foreign script condition is lower than that of the no script 

condition, which, in that sense, is consistent with previous results. Figure 3.1 graphically 

presents these analyses. 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
Figure 3.1: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 6 (Hiragana script). 
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Akin to Chapter 2, a signal detection analysis using d-prime scores was conducted 

for each subject in each of the two learning conditions (NO ORTHOGRAPHY CONDITION: M 

= 1.06, SD = 1.00; HIRAGANA SCRIPT CONDITION: M = 0.61, SD = 0.81). The difference 

in d-prime scores was not significant (F(1, 40) = 2.48, p = 0.12, η2 = 0.05), indicating that 

both groups of learners were equally sensible to the nonnative phonological contrast, 

regardless of their exposure to meaningful written labels or a string of Xs. These results 

therefore align with those reported for the variable Condition. 

A Pearson’s correlation analysis was also conducted for both groups of learners to 

examine whether a significant relationship exists between the number of learning cycles 

participants had to go through and their accuracy on the phonological test phase of the 

experiment. Both of these analyses turned out to be non-significant (NO ORTHOGRAPHY 

CONDITION: r(19) = -0.33, p = 0.14; HIRAGANA SCRIPT CONDITION: r(19) = 0.02, p = 

0.91), which indicates that the amount of time required to adequately memorize the L2 

non-words had no bearing on learners’ performance at test. 

 
3.2.2.2 Spelling identification post-test 

Data from participants in the HIRAGANA SCRIPT CONDITION on their recollection 

of the orthographic forms presented during the experiment was collected via a spelling 

identification post-test (cf. Chapter 2, Section 2.2.1.3.4). Percent accuracy for each 

participant was calculated for each target forms (where a written form was paired with 

the correct pictured object) and for each same-length forms (where a written form 

encoding the same consonantal length as the target form was incorrectly matched with a 

pictured object). The mean percent accuracy on the target forms was 35.7 (SD = 0.16) 

and 19.8 (SD = 0.01) on the same-length forms, which again reflects a poor ability to 
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recall foreign written labels presented during the experiment (remember that chance is at 

25% for each picture-word pairing quartet). Recall also that performance on the spelling 

identification post-test in Experiment 1, with the Arabic script, was at 32.1 percent 

accuracy. Hence, because of participants’ complete unfamiliarity with both foreign 

scripts, they were unable to phonologically decode them so as to aid their memorization. 

A correlation analysis between performance on the phonological test and performance on 

the spelling identification post-test did not find this link to be significant (r(19) = 0.11, p 

= 0.63) for participants assigned to the HIRAGANA SCRIPT CONDITION. 

 
3.2.3 Discussion of Experiment 6 

Experiment 6 was devised on the assumption that if an Arabic script significantly 

hinders the acquisition of a nonnative phonological contrast (cf. Experiment 1 in Chapter 

2), another foreign script, such as the Japanese Hiragana script, should yield a similar 

outcome on the acquisition of another L2 contrast – given participants’ complete 

unfamiliarity with both scripts. Such hypothesis was however not confirmed by the 

results of Experiment 6, where no significant difference was found between participants’ 

performances on the phonological test. As in Chapter 2 however, a highly significant 

main effect of Item Type was detected, suggesting here again that L1-English speaking 

participants were subject to a spurious homophony, which led them to consider all 

picture-word pairs as matching. This explains their high performance on the match items, 

and their poor performance on the mismatch items12. A d-prime analysis confirms that 

participants did experience a comparable amount of difficulty in detecting the L2 

                                                
12 Similar to all of the experiments in Chapter 2, a highly significant main effect of Item Type is found 
throughout the experiments presented in this chapter. The subsequent discussions of results will therefore 
no longer make mention of this main effect of Item Type, in order to focus on the main effect of Condition. 



120 
 

 

contrasts across word-learning conditions. The results of the spelling identification post-

test also parallel those obtained in Experiment 1: because of participants’ inability to 

decipher the foreign script into a phonological string, they were not successful at 

memorizing the written forms of the L2 non-words learned.  

This lack of a significant difference between the two-word learning conditions 

suggests that either the L2 phonological contrasts or the nature of the foreign script (or 

both) ought to be considered. Regarding the former, because the L2 contrasts contain an 

L1 category member (i.e. /t/, /s/, and /k/), we may have recreated a situation akin to that 

of Showalter’s Arabic study (2012; cf. Chapter 1), where the presence of an L1 category 

member within the L2 contrast of interest readily induces assimilation. Settling the 

contrast in favor of the L1 category member may in turn neutralize the potential effect of 

the written input on distinguishing (or not) the two L2 phones. In essence, the script 

would have been perceived as irrelevant, providing no supporting or contrary information 

to that already contained in the auditory signal. Regarding the nature of the foreign script, 

it may be that because the geminate consonants were represented with an additional 

symbol, namely < っ >, participants may have been sensitive to the presence versus 

absence of this symbol in the various written representations. If this was indeed the case, 

it may allegedly have guided their discrimination of the L2 contrasts, such that it 

cancelled out the otherwise negative effect of script unfamiliarity. In other words, 

learners may have been able to detect some information in the Hiragana script that may 

have helped them overcome the confusability of the phonological contrasts. This would 

then entail that learners are able to register unfamiliar pieces of information below the 

complete word form in a completely foreign script. Finally, it may be conceived that both 



121 
 

 

the presence of an L1 category member and information gleaned from the Hiragana script 

may have led participants to perform similarly across conditions, statistically speaking.  

The next experiment investigates the acquisition of the same L2 phonological 

contrasts when exposed to a blended script where the relevant characters are unfamiliar to 

native speakers of English, while the other characters are familiar to them. Experiment 7 

then aims to observe whether a partially unfamiliar script has the potential of inducing 

any effect at all on how learners successfully create distinct L2 lexical representations. 

More specifically, Experiment 7 follows from Experiment 6 in that it focuses the 

investigation on learner’s ability to detect phonologically relevant information from 

individual foreign characters in the script presented to them. Once again, it considers only 

the possibility that the foreign script is responsible for the present results, independent of 

the nature of the nonnative phonological contrasts examined.     

 
3.3 Experiment 7 − Hybrid script 

The previous experiment showed that participants exposed to a completely 

foreign script performed less accurately on the phonological test than those presented 

with a string of X’s. This difference in performance was however not found to be 

statistically significant, which is at odds with the results of a previous experiment with 

another phonological contrast and with another foreign script, namely Arabic. Such 

differential outcome in significant results (or the lack thereof) can potentially be 

attributed to either the nature of the L2 contrast to be learned (i.e. L1-L2 type vs. L2-L2 

type), or to the nature of the unfamiliar script accompanying each pictured objects (i.e. 

Arabic script vs. Hiragana script).  
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The present experiment seeks to continue the exploration of an effect of 

unfamiliar script on the acquisition of a singleton/geminate contrast in Japanese through 

the use of a Roman/Cyrillic blended script. While this hybrid configuration has been 

shown to prevent the inhibiting influence of native grapheme-phoneme correspondences 

in Experiment 5 of Chapter 2, it may here have the potential of providing some resolution 

to the abovementioned uncertainty regarding the divergent results of Experiments 1 and 

6. It has to be noted that the lack of an inhibitory effect of a hybrid script in Experiment 5 

compels us to also expect a similar outcome in the current experiment. Hence, it was 

predicted that no inhibitory effect would be found here as well. 

In the case at hand however, the Roman/Cyrillic blended script may serve another 

function than that of blocking the activation of L1 GPCs. While it is true that the 

Hiragana script in Experiment 6 visually encoded information about a phonological 

alternation (through the absence/presence of < っ >), such graphical cue may not have 

been salient enough for participants to perceive it as sufficiently reliable so as to 

satisfactorily associate it with their acquisition of the phonological forms. Because the 

hybrid script features distinct Cyrillic characters that graphically encode the L2 contrasts 

with more transparency (i.e. one vs. two of the same characters, matched with their 

respective phonemic lengths), it may lead participants to devote more attention to this 

visual information so as to integrate it more readily with their processing of the auditory 

input.  

It was therefore hypothesized that performance on the phonological test for 

participants exposed to the hybrid script would increase in comparison to that of their 

peers exposed to the Hiragana script. It was however not expected that accuracy on the 
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phonological test in the HYBRID SCRIPT CONDITION would exceed that of the NO 

ORTHOGRAPHY CONDITION, since participants would still be facing a rather unfamiliar 

written representation. In sum, accuracy in L2 phonolexical acquisition in the HYBRID 

SCRIPT CONDITION was predicted to fall somewhere between that of the HIRAGANA 

SCRIPT CONDITION and the NO ORTHOGRAPHY CONDITION, without generating significant 

differences between word-learning conditions. 

 
3.3.1 Method 

Participants completed the language background questionnaire and were then 

assigned to a HYBRID SCRIPT CONDITION13, described below. Data from eight participants 

was discarded from the final analysis based on the criteria delineated in Chapter 2 (cf. 

Section 2.2.1.1), resulting in a total of 21 participants in the HYBRID SCRIPT CONDITION 

(5 males, 16 females, mean age = 19.8, SD = 3.02). All participants received course credit 

for their participation. 

The auditory and visual stimuli were the same as before, except that for the 

HYBRID SCRIPT CONDITION the written form underneath each pictured object featured a 

blend of Roman and Cyrillic characters. More specifically, singleton and geminate 

consonants were represented by one and two Abkhaz Cyrillic symbols respectively, while 

the rest of the non-words were transcribed using Roman characters. Table 3.4 below 

presents the auditory and visual stimuli together, by word-learning conditions. 

 
 
 
 
 

                                                
13 One participant did abort the experiment in this condition. No data was recorded for this participant. 



124 
 

 

Table 3.4: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 7. 
 

Auditory form [pete] [pette] [tese] [tesse] [eke] [ekke] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script peҵe peҵҵe teжe teжжe eҧe eҧҧe 

       

Auditory form [keto] [ketto] [meso] [messo] [eko] [ekko] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script keҵo keҵҵo meжo meжжo eҧo eҧҧo 

 
 
The procedure for this experiment was identical to that of the previous experiments. 

 
3.3.2 Results 

3.3.2.1 Phonological test 

The mean numbers of word-learning phases required to reach 90% criterion for 

the HYBRID SCRIPT CONDITION was 3.1 (SD = 1.2), ranging from 1 to 6 learning cycles. 

An ANOVA with Condition as a variable did not reveal a significant difference in the 

number of learning cycles between the two word-learning conditions (F(1, 40) = 2.28, p 

= 0.13, η2 = 0.05). Hence, the unusual script configuration did again not significantly 

delay participants’ learning time of the Japanese non-words. 

Percent accuracy on the phonological test was calculated for each participant for 

each word-learning condition and for matched and mismatched picture-word pairs, as 
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well as their overall accuracy. Group means and standard deviations are presented in 

Table 3.5. 

 
Table 3.5: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 7 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  87.3 (.09) 45.2 (.24) 66.2 (.28) 

Hybrid script condition  86.9 (.10) 35.7 (.26) 61.3 (.32) 
 
 
Table 3.5 indicates that performance on the matched picture-word pairs was again high in 

both word-learning conditions (87.3% – 86.9%) while performance on the mismatched 

picture-word pairs was again below chance level for both word-learning conditions 

(45.2% – 35.7%). Overall, performance was again slightly better in the NO 

ORTHOGRAPHY CONDITION than in the HYBRID SCRIPT CONDITION.  

A mixed-design ANOVA was again applied to the aggregated data with the same 

between and within participant variables. A main effect of word-learning condition was 

also not found here (F(1, 40) = 1.14, p = 0.29, ηp
2 = 0.016), signaling no significant 

difference in performance between these two groups of learners. A highly significant 

main effect of item type was found (F(1, 40) = 148.77, p < 0.0001, ηp
2 = 0.60), showing 

higher accuracy on matched items than on mismatched items. No significant interaction 

between these two variables was detected (F(1, 40) = 1.42, p = 0.23, ηp
2 = 0.014); an 

analysis of simple effects was therefore not performed. Figure 3.2 graphically presents 

these analyses. 
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Figure 3.2: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 7 (Hybrid script). 
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form was incorrectly matched with a pictured object). The mean percent accuracy on the 

target forms was 86.9 (SD = 0.11) and 1.9 (SD = 0.002) on the same-phoneme forms, 

revealing a high level of orthographic memorization. This is not surprising given the fact 

that participants in Experiment 5, also featuring a Roman/Cyrillic blended script, 

performed with high accuracy (90.4%). It therefore seems like even a partially 

(un)familiar script can be phonologically interpreted so as to retain its form in memory. 

Just like in the preceding chapter, post-test comparisons across experiments are presented 

in the summary section of this chapter (cf. Section 3.8). Here also, a correlation analysis 

did not find a significant relationship between phonological accuracy and accuracy of 

spelling recall (r(19) = 0.11, p = 0.63). 

 
3.3.3 Discussion of Experiment 7 

The results of Experiment 1 of Chapter 2 and Experiment 6 in this chapter beg the 

question as to what might be driving the differential outcomes found (i.e. inhibitory effect 

of foreign script in Experiment 1, and lack of such an effect in Experiment 6). Because 

both experiments rely on the same experimental design, the source of the dissimilarity in 

results can be ascribed to one of two possibilities: i) either the nature of the phonological 

contrast to be learned is to be considered more carefully, that is, whether or not the pair 

of phonemes contains an L1 category member14; or ii) the nature of the unfamiliar script 

has to be taken into account and investigated.  

In keeping with the L2 acquisition of a singleton/geminate contrast in Japanese, 

Experiment 7 therefore set out to further examine the question of the nature of the 

unfamiliar script provided to a group of participants instructed to learn new words in a 
                                                
14 Yet another possibility might be that consonantal length is not strictly a segmental property but also a 
prosodic one, hence differing in that respect from the purely segmental contrast investigated in Chapter 2. 
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second language. Experiment 7 relied on a blended script with Roman and Cyrillic 

characters, where the latter represented with more transparency the L2 contrast under 

study (compared to the Hiragana script of Experiment 6). Given such graphical 

configuration, it was hypothesized that performance in the HYBRID SCRIPT CONDITION 

would increase as a result of the attenuated degree of script foreignness and the more 

transparent link between L2 graphemes and L2 phonemes. It was however not anticipated 

that such improved performance would be above that of the NO ORTHOGRAPHY 

CONDITION. The results of Experiment 7 correspond to the assumptions made, even 

though no significant difference between word-learning conditions was obtained. 

Performance on the spelling identification post-test was again high, which aligns with 

previous results on a similar post-test with a similar script arrangement (cf. Experiment 

5).  

 While improvement in the acquisition of an L2 consonantal length contrast can be 

observed with an unfamiliar hybrid script, Experiment 7 did not satisfactorily resolve the 

issue of knowing whether varying results are dependent on the type of L2 contrast to be 

acquired (i.e. L1-L2 vs. L2-L2) or on the type of unfamiliar script that participants might 

be exposed to in the course of novel word learning. This issue deserves to be investigated 

with more care in subsequent research. For now, we pursue our investigation of the 

acquisition of a singleton/geminate contrast by native English speakers in an attempt to 

produce facilitative effects of a foreign script. Given that performance on the 

phonological test has slightly increased with a Roman/Cyrillic blended script, and that 

thus far no inhibitory effect of foreign script has been found, we took advantage of this 

situation and constructed a script condition where the relevant characters are given more 
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graphical prominence than others. This served to accentuate the importance of the 

corresponding sounds in the auditory stimuli. Experiment 8 was therefore designed 

accordingly. 

 
3.4 Experiment 8 – Enhanced Hybrid script  

The objective of this experiment is to test whether there is any effect of foreign 

script on L2 phonological acquisition by way of highlighting the relevant unfamiliar 

characters representing the nonnative contrasts to be learned. Because Experiment 7 

showed that a hybrid script does lead to small improvement in phonological accuracy 

compared to a completely foreign script, Experiment 8 makes use of the same graphical 

arrangement but enhances it so as to visually guide learners to associate the single/double 

letter disposition with the singleton/geminate contrasts conveyed in the auditory stimuli. 

It was therefore hypothesized that performance on the phonological test would be 

considerably increased due to the enhanced graphical input provided to learners. 

 
3.4.1 Method 

Twenty-five participants were assigned to an ENHANCED HYBRID SCRIPT 

CONDITION15, once they filled out the language background questionnaire. Data from 

three participants who reported native knowledge of Spanish, plus one participant 

reporting knowledge of a second language featuring a singleton/geminate contrast 

(Italian), were dismissed from the statistical analyses. The resulting total number of 

participants was 21 (7 males, 14 females, mean age = 20.9, SD = 2.5). The baseline NO 

ORTHOGRAPHY CONDITION is the same as in all previous experiments, and all participants 

received course credit for their participation. 
                                                
15 One participant did abort the experiment in this condition. No data was recorded for this participant. 
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The auditory and visual stimuli were the same as usual, except that for the 

ENHANCED HYBRID SCRIPT CONDITION the written form underneath each pictured object 

also featured a blend of Roman and Abkhaz Cyrillic characters, where the Roman letters 

were grayed at 50% and the Cyrillic letters were in black and underlined. Table 3.6 below 

presents the auditory and visual stimuli together, by word-learning conditions. 

 
Table 3.6: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 8. 
 

Auditory form [pete] [pette] [tese] [tesse] [eke] [ekke] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script peҵe peҵҵe teжe teжжe eҧe eҧҧe 

       

Auditory form [keto] [ketto] [meso] [messo] [eko] [ekko] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script keҵo keҵҵo meжo meжжo eҧo eҧҧo 

 
 
The experimental procedure is the same as always. 

 
3.4.2 Results 

3.4.2.1 Phonological test 

The mean number of word-learning phases required to reach 90% criterion for the 

ENHANCED HYBRID SCRIPT CONDITION was 2.9 (SD = 1.1), ranging from 1 to 7 learning 

cycles. An ANOVA with Condition as a variable failed to reveal a significant difference 
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in the number of learning cycles between the two word-learning conditions (F(1, 40) = 

0.95, p = 0.33, η2 = 0.02). This lack of a significant difference shows that the graphical 

emphasis featured in the hybrid script did not manage to accelerate participants’ learning 

time of the Japanese non-words.  

Percent accuracy on the phonological test was calculated for each participant for 

each word-learning condition and for matched and mismatched picture-word pairs, as 

well as their overall accuracy. Group means and standard deviations are presented in 

Table 3.7. 

 
Table 3.7: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 8 (standard deviation in 
parentheses). 
 
  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  87.3 (.09) 45.2 (.24) 66.2 (.28) 

Enhanced Hybrid script condition  89.6 (.10) 32.9 (.23) 61.3 (.33) 
 
 
Table 3.7 shows the regular pattern of performances observed thus far: high accuracy on 

the matched picture-word pairs (87.3% – 89.6%) and poor accuracy on the mismatched 

picture-word pairs (45.2% – 32.9%), in both word-learning conditions. Based on the raw 

mean values, performance was again slightly better in the NO ORTHOGRAPHY CONDITION 

than in the ENHANCED HYBRID SCRIPT CONDITION. Note that the mean accuracy in this 

latter condition is identical to that of the previous HYBRID SCRIPT CONDITION. Note also 

that the mean percent accuracy for the match items in the ENHANCED HYBRID SCRIPT 

CONDITION slightly surpasses that of the NO ORTHOGRAPHY CONDITION, something that 

has thus far not been observed.  
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A mixed-design ANOVA with the same between and within participant variables 

failed to detect a main effect of word-learning condition (F(1, 40) = 1.19, p = 0.28, ηp
2 = 

0.01), indicating no benefits of the graphical emphasis put on the relevant characters 

encoding the L2 contrasts. As always however, a highly significant main effect of item 

type was found (F(1, 40) = 207.77, p < 0.0001, ηp
2 = 0.65), in favor of matched items 

over mismatched ones. Figure 3.3 graphically presents these analyses.  

 

 

 

 

 

 

 

 
 
Figure 3.3: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 8 (Enhanced Hybrid script). 

 
 
A significant interaction between these two variables was also detected (F(1, 40) 

= 4.58, p = 0.03, ηp
2 = 0.04), as is illustrated in Figure 3.4 below. The simple effects 

analysis reveals no significant differences in the means of the variable Condition at either 

level of Item Type (match: F(1, 40) = 0.60, p = 0.44, ηp
2 = 0.014; mismatch: F(1, 40) = 

2.73, p = 0.10, ηp
2 = 0.064). We note that the difference in means for the mismatch items 

is greater than previously observed, which indicates that the graphical emphasis on the 

foreign symbols did exacerbate the confusability of the L2 phonological contrasts, instead 
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of facilitating their distinctness. All in all, the results suggest the presence of an 

unfamiliar script effect of inhibition rather than one of facilitation on L2 phonolexical 

acquisition.  

 

 

 

 

 

 

 

 

 

 

 
Figure 3.4: Interaction plot for Experiment 8. 
 
 

A signal detection analysis computing d-prime scores across word-learning 

conditions (NO ORTHOGRAPHY CONDITION: M = 1.06, SD = 1.00; ENHANCED HYBRID 

SCRIPT CONDITION: M = 0.76, SD = 0.89) once again reveals no significant difference in 

sensitivity to the nonnative contrasts among groups of learners (F(1, 40) = 0.99, p = 0.32, 

η2 = 0.02). A correlation analysis probing the relationship between the number of 

learning cycles and performance on the phonological test found it to be non-significant 

for participants assigned to the ENHANCED HYBRID SCRIPT CONDITION (r(19) = -0.15, p = 

0.50). 
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3.4.2.2 Spelling identification post-test 

Performance on the spelling identification post-test for participants in the 

ENHANCED HYBRID SCRIPT CONDITION was calculated in terms of percent accuracy for 

each target forms and for each same-length forms. The mean percent accuracy on the 

target forms was 91.2 (SD = 0.11) and 1.5 (SD = 0.009) on the same-phoneme forms, 

which demonstrates reliable memorization of the non-words’ orthographic forms. An 

ANOVA with Target Forms and Condition as variables did not detect a significant 

difference in performance on the spelling identification post-test between the HYBRID 

SCRIPT CONDITION and the ENHANCED HYBRID SCRIPT CONDITION (F(1, 40) = 1.51, p = 

0.22, η2 = 0.03). Hence, while the graphical emphasis put on the hybrid script did 

improve participants’ memorization of the written representations, it did not significantly 

do so. In other words, focusing participants’ attention to the unfamiliar script at hand did 

not result in any meaningful advantage to their accurate recollection of the unfamiliar 

hybrid script. No significant correlation was found between phonological accuracy at test 

and accuracy at recall of the written labels presented in the ENHANCED HYBRID SCRIPT 

CONDITION (r(19) = 0.25, p = 0.26).  

 
3.4.3 Discussion of Experiment 8 

The outcome of Experiment 8 is rather unexpected. It was anticipated that the 

enhanced graphical configuration of the hybrid script would translate into increased 

accuracy on the phonological test. It was thought that this particular script would indeed 

call participants’ attention to the relevant pieces of information featured in the 

corresponding auditory signal. The results obtained show that while no facilitatory effect 

was found, a significant interaction revealed that this enhanced hybrid script exerted 
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more of an inhibiting influence than a beneficial one on learners’ memory of the non-

words’ phonological form. More specifically, performance on mismatch items was 

negatively impacted by the presence of an unfamiliar script, while performance on match 

items was slightly enhanced. Performance on the spelling identification post-test on the 

other hand did also slightly improve in comparison to that of the previous experiment, 

indicating that participants were to some extent sensitive to the graphical enhancements.  

Overall, these results suggest that L1 English learners are at some level still 

subject to encounter processing setbacks when exposed to non-native symbols. The fact 

that significant results were obtained in this experiment, and not in the preceding ones, 

may stem from the fact that participants’ attention was directly focused on unfamiliar 

characters. Because they are likely to ascribe a linguistic value to such characters, they 

attempted to make sense of them as best they could. In turn, such focused attention on 

undecipherable elements within the script might have exhausted some processing 

resources that would have otherwise been allocated to perceiving the informational 

content of the auditory input, like it was the case of participants assigned to the NO 

ORTHOGRAPHY CONDITION.   

Because Experiments 6 through 8, featuring a complete or partial unfamiliar 

script, yielded, for the most part, no significant differences in performance between the 

two word-learning conditions, Experiment 9 took an opposing approach by investigating 

the effect of a completely familiar script on L2 phonolexical acquisition. It was believed 

that if a foreign script exerts no substantial inhibitory effect on the acquisition of the 

phonological length contrasts, a Roman script on the other hand might actually turn out to 

be beneficial to learners. 
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3.5 Experiment 9 − Roman script 

Equipped with the knowledge that an unfamiliar script does not overwhelmingly 

hamper participants’ acquisition of L2 consonantal contrasts differing in phonemic 

length, this experiment serves to investigate the potential impact of a familiar script on 

such acquisition.  

English does not exhibit phonological length contrasts but nevertheless seems to 

phonetically distinguish so-called short versus long consonants based on the way they are 

represented in writing. In a series of production studies, Brewer (2008) showed that 

native sound productions are directly correlated with the number of letters representing 

them. More specifically, she showed that native English speakers’ productions of real 

words spelled with one versus two letters (e.g. < has > vs. < jazz > for /z/) significantly 

modifies the durational realization of these sounds (Experiment One). This orthographic 

effect on L1 speech production was however not obtained for nonce-words (Experiment 

Two) or newly-acquired L1 words (Experiment Three), which led Brewer to tie 

orthographic effects on sound duration to robust lexicality. It has to be mentioned 

however that her analysis of Experiment Three rests on a very limited amount of data, 

which can potentially cast a doubt on the claim that lexically “young” representations, 

with supposedly impoverished phonological content, are not capable of exerting 

significant differential instantiations of phonetic length. Even so, her dissertation work 

suggests that consonantal length triggered by a visual representation is not something 

unfamiliar to native English speakers (at least in the domain of L1 speech production). In 

addition, Escudero et al. (2014) recently showed that L1/L2 congruent orthographic 



137 
 

 

forms can significantly help participants learn non-native phonological contrasts (cf. 

Chapter 1).  

This experiment therefore takes advantage of this underlying fact about English’s 

phonetic length differentiation based on spelling to provide English-speaking learners 

with an impetus to actually establish a contrastive, phonemic length contrast, albeit in a 

second language. In other words, if English speakers have a slight propensity to lengthen 

their consonants based on their graphical rendition in a Roman script, they might be 

inclined to use a similar letter-decoding strategy in making sense of the L2 length 

contrast contained in the auditory items to be learned. It was therefore hypothesized that 

participants exposed to the Roman script, where the phonological and graphical contrasts 

matched in terms of length, would be facilitated in their acquisition of the phonological 

content of Japanese non-words. 

 
3.5.1 Method 

After reporting their language experiences on the language background 

questionnaire, participants were assigned to a ROMAN SCRIPT CONDITION16, described 

below. For this word-learning condition, data exclusion concerned ten participants who 

reported native knowledge of a language other than English and/or knowledge of a 

second language featuring a singleton/geminate contrast (e.g. Japanese and Persian). The 

total number of remaining participants for the data analysis was 21 (4 males, 17 females, 

mean age = 18.8, SD = 1.1). The baseline NO ORTHOGRAPHY CONDITION is the same as in 

Experiment 6. All participants received course credit for their participation. 

                                                
16 Two participants did abort the experiment in this condition. No data was recorded for these participants. 
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The auditory stimuli were the same as in Experiment 6. The picture stimuli were 

also the same as in Experiment 6, except that for the ROMAN SCRIPT CONDITION the 

written form underneath each pictured object was in Roman characters. Table 3.8 below 

presents the auditory and visual stimuli together, by word-learning conditions. 

 
Table 3.8: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 9. 
 

Auditory form [pete] [pette] [tese] [tesse] [eke] [ekke] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script pete pette tese tesse eke ekke 

       

Auditory form [keto] [ketto] [meso] [messo] [eko] [ekko] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script keto ketto meso messo eko ekko 

 
 
The habitual experimental procedure has been followed here as well. 

 
3.5.2 Results 

3.5.2.1 Phonological test 

The mean numbers of word-learning phases required to reach 90% criterion for 

the ROMAN SCRIPT CONDITION was 2.8 (SD = 0.8), ranging from 2 to 4 learning cycles. 

An ANOVA with Condition as a variable did not signal any significant difference in the 

number of learning cycles between the baseline condition and the ROMAN SCRIPT 
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CONDITION (F(1, 40) = 0.45, p = 0.50, ηp
2 = 0.01), imparting no benefit or disadvantage 

of seeing Roman spelling on lexical memorization time. 

Percent accuracy on the phonological test was calculated for each participant for 

each word-learning condition and for matched and mismatched picture-word pairs, as 

well as their overall accuracy. Group means and standard deviations are presented in 

Table 3.9. 

 
Table 3.9: Mean percent accuracy for the matched, mismatched, and overall word-picture 
pairs, by item type and word-learning condition, in Experiment 9 (standard deviation in 
parentheses). 
 

  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  87.3 (.09) 45.2 (.24) 66.2 (.28) 

Roman script condition  87.6 (.10) 41.6 (.28) 64.6 (.31) 
 
 
Table 3.9 indicates that performance on the matched picture-word pairs was highly 

accurate in both word-learning conditions (87%) while performance on the mismatched 

picture-word pairs was below chance level for both word-learning conditions (45.2% – 

41.6%). Overall, performance was slightly better in the NO ORTHOGRAPHY CONDITION 

than in the ROMAN SCRIPT CONDITION.  

 This set of aggregated data has been submitted to the same statistical procedure 

thus far employed, which failed to detect a main effect of word-learning condition (F(1, 

40) = 0.09, p = 0.75, ηp
2 = 0.001). This means that there is no significant difference in 

performance between the two groups of leaners based on which orthographic treatment 

they were assigned to. A highly significant main effect of item type was nevertheless 

found (F(1, 40) = 147.51, p < 0.0001, ηp
2 = 0.55), showing that participants were once 
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again more accurate on matched items than on mismatched ones. No significant 

interaction between these two variables was detected (F(1, 40) = 0.29, p = 0.58, ηp
2 = 

0.002). Figure 3.5 graphically presents these analyses. 

 
 
 

 

 
 
 
 

 
 
 
 
 
 
 
Figure 3.5: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 9 (Roman script). 
 
 

A comparison of d-prime scores between both L2 word-learning conditions (NO 

ORTHOGRAPHY CONDITION: M = 1.06, SD = 1.00; ROMAN SCRIPT CONDITION: M = 0.92, 

SD = 1.16), turned out to be non-significant (F(1, 40) = 0.16, p = 0.68, η2 = 0.004), which 

aligns with the results of Condition reported above. Also not significant is the correlation 

between the number of learning cycles required to satisfactorily memorize the L2 non-

words and learners’ subsequent performance on the phonological test phase in the 

ROMAN SCRIPT CONDITION (r(19) = -0.10, p = 0.65). 
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3.5.2.2 Spelling identification post-test 

A spelling identification post-test was conducted for each participant in the 

ROMAN SCRIPT CONDITION, where percent accuracy was calculated for each target forms 

and for each same-length forms. The mean percent accuracy on the target forms was 95.6 

(SD = 0.08) and 2.7 (SD = 0.03) on the same-phoneme forms. Such high performance 

indicates that participants’ ability to convert the string of familiar letters into a 

phonological code facilitates their memory of the non-words’ orthographic forms. This 

was also the case in Experiment 3, with Roman script, where participants reached 92 

percent accuracy on the spelling identification post-test. High performance on the 

spelling identification post-test phase was however not significantly correlated with 

participants’ performance on the phonological test phase (r(19) = 0.39, p = 0.07). 

 
3.5.3 Discussion of Experiment 9 

 In light of previous research conducted in the domain of L1 speech processing 

(Dijkstra et al., 1995; Halle et al., 2000; Taft, 2006; Brewer, 2008), where native lexical 

representations have been shown to contain information about their graphical 

representations (which in turn may directly impact their phonetic realization), it was 

believed that a familiar script presented in the course of novel word learning might invite 

English-speaking participants to draw inferences from the visual input so as to aid their 

acquisition of a consonantal length contrast in Japanese.  

Hence, unlike all of the previous experiments conducted thus far, Experiment 9 

relied on a familiar Roman script in an effort to obtain a facilitative effect of orthography, 

where information provided in the auditory signal and in the textual representation served 

to establish more reliable L2 lexical entries. The results show that even though 



142 
 

 

performance in the ROMAN SCRIPT CONDITION has increased in comparison to the other 

unfamiliar script treatments, it still does not surpass that of the NO ORTHOGRAPHY 

CONDITION. Consequently, no facilitative effect of a familiar script was found (contra 

Escudero et al., 2014). 

A potential reason for this lack of significant result may again come from the fact 

that the L2 contrasts to be learned are difficult for English speakers to discern due to the 

presence of an L1 category member to which consonantal geminates are promptly 

assimilated. Despite the fact that the Roman script signaled an alternation between single 

and double consonants, participants failed to fully exploit this information to overcome 

their phonological confusion. In addition, while performance on the phonological test did 

improve in the ROMAN SCRIPT CONDITION in comparison to others, the familiar script was 

more likely interpreted according to native phonographic conventions, therefore 

compelling participants to activate L1 categories to some extent. Such activation may 

have in turn interfered with their formation of more robust L2 phonolexical 

representations.  

All in all, the fact that performance improved in the ROMAN SCRIPT CONDITION 

gives some credence to the fact that English readers are responsive to familiar graphemic 

length contrasts despite the lack of any native phonological function. It may be the case 

that with increased foreign language exposure, the reliance on familiar visual information 

might actually enhance learners’ phonological processing, leading them to construct more 

target-like representations. An extended training period may therefore be implemented to 

test such assumption, which could be the subject of future research in L2 word-learning.  
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The last experiment of this chapter continues to explore the interrelationship 

between L2 phonological and graphical representations in the course of lexical 

acquisition, where the connection between these two linguistic codes was rendered more 

arbitrary than has thus far been manifested. In other words, the script in Experiment 10 

has become less informative than it has thus far been with the presence versus absence of 

an additional symbol marking the singleton/geminate alternation. 

  
3.6 Experiment 10 – Opaque Hybrid script 

All of the experiments presented up to this point have manipulated written 

configurations that pertain to either (un)familiar aspects of the scripts, and word/letter-

based levels of L2 phonographic processing. There is however a constant throughout 

Experiments 6-9 in that the characters encoding the relevant L2 contrasts essentially 

conveyed information about the existence of an alternation between L2 non-words. In all 

these experiments, this alternation was instantiated through the presence versus absence 

of one symbol (e.g. for singletons: < Ø, ҵ, ҵ, t >, for geminates: < っ, ҵҵ, ҵҵ, tt >). 

Moreover, in Experiments 7, 8, and 9, the characters also straightforwardly instantiated 

the length distinction necessary to develop a Japanese-like phonological lexicon. That is 

to say, singleton phonemes were always represented with a single grapheme (e.g. < ҵ, ҵ, 

t >), while geminate phonemes were always represented with two similar graphemes (e.g. 

< ҵҵ, ҵҵ, tt >); hence the mapping between nonnative phonemes and graphemes was 

consistently biunique (or transparent) and a priori intuitive.  

Such intuitiveness in phonographic representation may have explicitly (or 

implicitly) provided learners with some cues regarding the relevant pieces of information 

to extract from the acoustic signal; cues that may have been sufficient enough to yield no 
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significant differences in performance between learners exposed to a meaningful written 

form compared to those who were not (cf. Experiments 6, 7, and 9). On the other hand, 

graphical enhancement of such unfamiliar cues has actually revealed to significantly 

confuse learners in their acquisition of L2 phonolexical representations (cf. Experiment 

8). The unexpected results of Experiment 8 therefore support the view that, if 

accentuated, script foreignness can supplant potentially informative cues to the pertinent 

phonological contrasts to be learned. 

In an effort to further push the exploration of letter-based effects of unfamiliar 

script on L2 phonolexical acquisition, Experiment 10 was designed with the objective of 

exposing participants to Roman/Cyrillic blended phonographic representations whose 

mapping was still biunique but more arbitrary. In other words, the phoneme-grapheme 

correspondences were still mapped one-to-one, but the graphemes were now all single 

characters for both singleton and geminate phonemes (e.g. /t/ ≡ < ҵ > and /tt/ ≡ < д >). In 

that sense, the written representations were more arbitrary in that they no longer cued 

participants to the presence of an alternation and they no longer featured any overt 

(visual) information regarding the length nature of the nonnative phonological contrasts. 

By removing this durational information from the script, it was hypothesized that 

participants would be subject to increased learning difficulty of the L2 phonological 

contrasts given that they only had single, foreign characters to rely on to inform their 

processing and acquisition of a meaningful difference in length between minimal pairs.  

 
3.6.1 Method 

Participants coming to the study first filled out a language background 

questionnaire where they were asked to report their age, their first and second language 
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experiences, and any knowledge of a language, speech, or reading impairment. They 

were subsequently assigned to an OPAQUE HYBRID SCRIPT CONDITION17, described below. 

Data from eight participants reporting either native knowledge of a language other than 

English (e.g. Spanish), knowledge of languages possessing a singleton/geminate contrast 

(e.g. Japanese and Arabic), or knowledge of a language using a Cyrillic script (e.g. 

Russian) were excluded from the analysis, which resulted in a total of 21 participants in 

that condition (2 males, 19 females, mean age = 19.5, SD = 1.07). The baseline NO 

ORTHOGRAPHY CONDITION is the same as in Experiment 6, and all participants were 

compensated with course credit for their participation. 

The auditory and picture stimuli were the same as in all preceding experiments in 

this chapter. For the OPAQUE HYBRID SCRIPT CONDITION, the written form underneath 

each pictured object featured a blend of Roman and Cyrillic characters, where the latter 

were all single characters encoding the same singleton and geminate phonemes 

respectively. Table 3.10 below presents the auditory and visual stimuli together, by word-

learning conditions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
17 Two participants did abort the experiment in this condition. No data was recorded for these participants. 
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Table 3.10: Example stimuli of auditory-picture-script associations by word-learning 
condition in Experiment 10. 
 

Auditory form [pete] [pette] [tese] [tesse] [eke] [ekke] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script peҵe peдe teжe teԏe eҧe eґe 

       

Auditory form [keto] [ketto] [meso] [messo] [eko] [ekko] 

Picture form 

      
No ortho xxxx xxxx xxxx xxxx xxxx xxxx 

Hybrid script keҵo keдo meжo meԏo eҧo eґo 

 
 
The habitual experimental procedure has been followed here as well. 

 
3.6.2 Results 

3.6.2.1 Phonological test 

In terms of the number of word-learning cycles needed to reach criterion, 

participants in the OPAQUE HYBRID SCRIPT CONDITION went through an average of 3.14 

learning cycles (SD = 1.37), ranging from a minimum of 2 to a maximum of 6 cycles. An 

ANOVA with Condition as a variable did not find a significant difference in the number 

of learning cycles between the two word-learning conditions (F(1, 40) = 1.76, p = 0.19, 

η2 = 0.04). Participants therefore had comparable training experiences with the stimuli 

items whether or not they had access to a written form.  
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Percent accuracy on the phonological test was calculated for each participant for 

each word-learning condition and for matched and mismatched picture-word pairs, as 

well as their overall accuracy. Group means and standard deviations are presented in 

Table 3.11. 

 
Table 3.11: Mean percent accuracy for the matched, mismatched, and overall word-
picture pairs, by item type and word-learning condition, in Experiment 10 (standard 
deviation in parentheses). 
 
  Picture-word pairs 

Item type  Match Mismatch Overall 

No orthography condition  87.3 (.09) 45.2 (.24) 66.2 (.28) 

Opaque Hybrid script condition  88.8 (.10) 28.1 (.22) 58.5 (.35) 
 
 
As is usual by now, participants achieved high accuracy on the matched picture-word 

pairs (87.3% – 88.8%) and poor accuracy on the mismatched picture-word pairs (45.2% – 

28.1%), in both word-learning conditions. The raw mean values once again show that 

performance in the OPAQUE HYBRID SCRIPT CONDITION was below that of participants 

assigned to the NO ORTHOGRAPHY CONDITION. Akin to the performance results of 

Experiment 8, we also observe here that accuracy on the match items was slightly better 

in the script condition than in the no script condition, while accuracy on the mismatch 

items in the script condition is at the lowest that has thus far been attested across 

Experiments 6 through 9.  

The same statistical model used throughout was applied to the aggregated data at 

hand, with the same between and within participant variables. A main effect of word-

learning condition was not found to be significant (F(1, 40) = 3.07, p = 0.08, ηp
2 = 0.04). 

As always, a highly significant main effect of item type was found (F(1, 40) = 214.93, p 
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< 0.0001, ηp
2 = 0.67), going in the usual direction. Figure 3.6 graphically presents these 

analyses. 

 
 
 

 

 

 

 

 

 
 
Figure 3.6: Mean accuracy of response as a function of Condition and Item Type for 
Experiment 10 (Opaque Hybrid script). 
 
 

Similar to Experiment 8, a significant interaction between these two variables was 

detected (F(1, 40) = 7.07, p = 0.01, ηp
2 = 0.06), as is illustrated in Figure 3.7 below. An 

analysis of simple effects revealed a significant difference in the means of the variable 

Condition at the levels of Item Type for mismatch items (F(1, 40) = 5.43, p = 0.02, ηp
2 = 

0.11), but not for match items (F(1, 40) = 0.25, p = 0.61, ηp
2 = 0.006). These results 

therefore indicate that the foreign opaque hybrid script did in fact impede participants’ 

phonological discrimination of the singleton and geminate members. Such results align 

with those obtained in Experiment 8 in that word-embedded foreign characters have a 

greater potential of inducing confusion in learners’ attempt to form target-like 

phonolexical representations than actually assist them in that task.  
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Figure 3.7: Interaction plot for Experiment 10. 
 
 
 A signal detection analysis comparing d-prime scores for the NO ORTHOGRAPHY 

CONDITION (M = 1.06, SD = 1.00) and the OPAQUE HYBRID SCRIPT CONDITION (M = 

0.58, SD = 0.85) found no significant difference in terms of participants’ sensitivity to the 

L2 contrasts (F(1, 40) = 2.66, p = 0.11, ηp
2 = 0.06). Finally, the correlation between 

number of learning cycles and phonological accuracy at test was not found to be 

significant either (r(19) = 0.03, p = 0.88). 

 
3.6.2.2 Spelling identification post-test 

Participants assigned to the OPAQUE HYBRID SCRIPT CONDITION completed a 

spelling identification post-test to collect information about their orthographic memory of 

the written forms seen during the experiment. The mean percent accuracy was then 

calculated for each target forms (M = 88, SD = 0.12) and for each same-length forms (M 
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= 3.1, SD = 0.03). Once again, performance was high given participants’ ability to 

decipher the Roman letters into sound pieces, hence facilitating their memory of the 

written labels. These results are therefore in line with those obtained in Experiments 7 

and 8, where a similar Roman/Cyrillic blended script was presented to learners. Here 

again, high performance on the spelling identification post-test was not significantly 

correlated with participants’ performance on the phonological test (r(19) = 0.37, p = 

0.09). 

  
3.6.3 Discussion of Experiment 10 

Experiment 10 set out to examine whether the absence of graphical cues, with the 

potential of informing participants about the nature of the phonological contrast to be 

acquired, can increase the level of learning difficulty, such that it would significantly 

differ from those who were assigned to a word-learning condition with no meaningful 

script. The hypothesis supported then was that participants exposed to this hybrid script, 

exhibiting more arbitrary correspondences between L2 phonemes and graphemes, would 

face a greater handicap in their ability to discriminate the singleton/geminate contrast in 

their newly-formed L2 phonolexical representations.  

The results of Experiment 10, where participants in the OPAQUE HYBRID SCRIPT 

CONDITION performed significantly worse on the phonological test with mismatch items, 

compared to their counterparts in the NO ORTHOGRAPHY CONDITION, confirm this 

hypothesis. Regarding their performance on the spelling identification post-test, 

participants in the OPAQUE HYBRID SCRIPT CONDITION managed, with high accuracy, to 

retain in memory the orthographic forms available to them, thanks to the abundance of 

familiar Roman letters. These high-accuracy post-test results involving blended 
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Roman/Cyrillic scripts (cf. Experiments 7, 8, and 10) show that learners did pay careful 

attention to the unconventional written input alongside their processing of the auditory 

input. 

This inhibitory effect of an unfamiliar script can be interpreted in two ways. First, 

it could be attributed to the removal of durational information from the script, which in 

turn could have induced learners to consider single characters as standing for foreign 

sounds with roughly the same acoustic length. This assumption would have then led 

participants to misjudge the importance of the contrast for phonological purposes, hence 

neutralizing it in favor of a singleton category. The poor performance on the mismatch 

items supports the fact that learners experienced greater difficulties at discriminating 

short versus long consonantal phonemes. The second interpretation of these results may 

be credited to the fact that participants were exposed to six novel (Cyrillic) characters 

word-medially, as opposed to three in previous experiments. Experiments 7 through 9 

indeed utilized a set of only three foreign characters, with each one doubled to encode the 

geminate phonemes; for instance /t/ ≡ < ҵ, ҵ, t > and /tt/ ≡ < ҵҵ, ҵҵ, tt >. Experiment 10 

on the other hand had each phoneme associated with a unique character: /t, s, k/ ≡ < ҵ, ж, 

ҧ > and /tt, ss, kk/ ≡ < д, ԏ, ґ >. This multiplication of phonographic expression may 

therefore have complicated the task of learners, who had to deploy additional processing 

resources to keep track of the various unfamiliar characters and their correspondence with 

phonological material. Consequently, their poor performance on the mismatch items may 

have stemmed from such a processing overload of phonographic information, which in 

turn resulted in phonological nebulosity at the level of lexical representation.       
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Irrespective of these interpretations, the results clearly demonstrate that 

unfamiliar, word-embedded graphical elements can negatively affect the early 

development of a phonological lexicon in a second language. These results therefore 

attest to the letter-based influence of foreign script on L2 phonolexical acquisition. The 

remainder of this chapter presents the findings of two spelling experiments of the 

auditory stimuli used in all the abovementioned experiments.  

 
3.7 Spelling Experiments 

In the same spirit as Chapter 2, two spelling experiments were conducted in order 

to obtain orthographic forms that would capture the Japanese contrasts more intuitively. 

The procedure is therefore identical to the spelling experiments in Chapter 2. Given the 

durational nature of the Japanese contrasts, it was hypothesized that they would lend 

themselves to greater adaptability in terms of graphical representation by native speakers 

of English. More specifically, both the singletons and the geminates were expected to 

find direct correlates in the Roman letters < t, s, k > and < tt, ss, kk> respectively. If this 

is indeed the case, then the results of Experiment 9 would have managed to tap into this 

underlying intuition that native English speakers have about sound-letter correspondences 

within the constraints of their graphophonological system. 

 
3.7.1 Spelling Experiment 1 

Five monolingual native speakers of American English (5 females, mean age = 

18.8, SD = 0.83) listened to the Japanese auditory stimuli and were instructed to spell 

them out as best they could. All 12 words (with an inter-stimuli interval of five seconds) 

were presented in random order in each of three blocks, such that each item was heard 
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three times, yielding a total of fifteen orthographic renditions for each item (5 spellers, 3 

forms per word). Table 3.12 below presents all of the orthographic forms collected.  

 
Table 3.12: Spelling renditions for each Japanese auditory item in Spelling Experiment 1 
(numbers in parentheses indicate frequency of each spelling). 
 
/pete/ petet (3), pette (3), petete (2), tete, thetit, behteh, peyteh, pehteh, betete   only 14 forms 

/keto/ keto (3), kettle (3), kittle (2), kittel, kitul, kitle, kehtle, ketol, cetal, ketal 

/meso/ missle (6), nissel (3), neso (3), mistle (2), messo 

/tese/ thiset (3), teset (3), testeh (2), tesse (2), teseh, tesset, desete, tessette, tessette 

/eke/ eched (3), icket (2), ecket (2), ekke (2), ickit, eket, eke, echet, ekete, ekette 

/eko/ eko (4), ickel (2), echle (2), echo (2), iccoult, ekle, eckolt, ecketol, eckol 

/pette/ pette (3), petet (2), pickel, peteh, peteb, petdeh, behteh, pehteh, peted, betal, bete, petee 

/ketto/ ketol (3), ketto (2), kettle (2), ketle (2), kitul (2), ketal (2), khitel, keto 

/messo/ missle (5), neso (3), missel (2), mistle, listle, lesal, messel, messal 

/tesse/ tesse (3), thiset (2), teset (2), desette (2), decit, desteh, tehseh, teseh, deset, disset 

/ekke/ ekke (3), icket (2), echeh (2), eket (2), ecket (2), ichet, echel, echet, ekette 

/ekko/ echo (3), eko (2), piccoult, ickel, echle, echle, ekol, eckolt, eckol, ekko    only 13 forms 

 
 

In order to make sense of these forms and what they reveal about participant’s 

perception of a consonantal length contrast, their computation was based on the 

orthographic consonant(s) found between the first two orthographic vowels. Hence, the 

orthographic sequence < VCV > was interpreted as representing a single phoneme /C/, 

while the sequence < VCCV > was construed to represent a geminate phoneme /CC/. 

This latter orthographic sequence was further divided into two subcategories, depending 

on whether the two consonants were identical (i.e. < VCiCiV >) or different (i.e. < 

VCiCjV >). Such a distinction has the advantage of providing us with a more refined 

perspective on the nature of these consonantal strings, which could in turn uncover 
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differences in participants’ spelling strategies. It is to be noted however that the digraph < 

ch > was assumed to represent /C/, while the digraph < ck > was assumed to represent 

/CC/. This contrast rests on the fact that, in English, both < c > and < k > can individually 

stand for the phoneme /k/, while it is not the case for < h > alone in < ch >. Therefore, the 

sequence < ck > may potentially have been used to represent a geminate. In the case of < 

c > representing either /s/ or /ss/, it was considered to represent a single consonant 

phoneme. Table 3.13 below presents these calculations. 

 
Table 3.13: Word-medial grapheme count and percentage for each L2 phoneme in 
Spelling Experiment 1 (raw count in parentheses). 
 

 /C/ /CC/ TOTAL 

< C > forms 46% (41/89) 50% (44/88) 48% (85/177) 

< CC > forms 53.9% (48/89) 50% (44/88) 51.9% (92/177) 

< CiCi > forms 30.3% (27/89) 28.4% (25/88) 29.3% (52/177) 

< CiCj > forms 23.5% (21/89) 21.5% (19/88) 22.5% (40/177) 

 
 

These results show that participants neutralized the contrasts by equally resorting 

to singular and binary letter units. Complete perception or misperception of the 

singleton/geminate contrast on the other hand would have produced sharper differences 

in the way participants spelled it out (either by a distinct use of single graphemes for 

singleton consonants and doubled letters for geminate consonants [i.e. perception], or by 

a sturdy use of single consonant graphemes throughout [i.e. misperception]). The present 

invariability in symbolic representations therefore reflects a certain perception of a 

consonantal length contrast, even though it was not decidedly resolved in writing. 

Spelling Experiment 2 again served to highlight the L2 phonological contrasts in an 

attempt to elicit more robust orthographic differentiations.   
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3.7.2 Spelling Experiment 2 

Spelling Experiment 2 relied on five other monolingual native speakers of 

American English (2 males, 3 females, mean age = 19.2, SD = 1.3), who also listened to 

and spelled out the Japanese stimuli. This time all 12 non-words were presented as 

minimal pairs in each of three blocks, interspersed with five seconds of silence between 

each item. Table 3.14 below presents the data collected. 

 
Table 3.14: Spelling renditions for each Japanese auditory item in Spelling Experiment 2 
(numbers in parentheses indicate frequency of each spelling). 
 

/pete/ bete (4), peter (3), petet (3), pete (2), petit, vetet, beté 

/keto/ ketol (4), keto (3), queto (2), qeto, kettel, kitul, kito, ketle, ketul 

/meso/ meso (3), nesol (3), nesol (2), messo, messul, missul, mistle, missle, misso, nestle 

/tese/ tese (3), tecet (3), tercet (2), teset (2), tisset (2), tesset, tecer, tacit 

/eke/ eket (4), echer (3), ecey (2), equet (2), ece, equit, ecket, eget 

/eko/ echol (6), echo (5), echó, bikel, ikle, hikle 

/pette/ peter (3), pete (2), peted (2), bethe (2), betay, peteed, beté, péte, béte, bete 

/ketto/ keptho (3), kettol (3), queto (2), ketol (2), quetó, ketel, kitó, keto, ketul 

/messo/ nesol (5), meso (4), missle (3), messul, missel, nestle 

/tesse/ tese (3), tesset (3), tissé (2), tercer (2), teset (2), tecer, tesé, tesit 

/ekke/ ecay (3), eckher (2), eké (2), egket (2), eqit, equit, equet, echer, eke, ekget 

/ekko/ echo (3), eco (2), echol (2), echó, eckol, eckhol, pikel, pikul, pikó, egkol, egcol 

 
 

The same calculation procedure as in Spelling Experiment 1 has been applied 

here; results are tabulated in Table 3.15 below. Note that the digraph < qu > was 

understood as representing a single phoneme.  
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Table 3.15: Word-medial grapheme count and percentage for each L2 phoneme in 
Spelling Experiment 2 (raw count in parentheses). 
 

 /C/ /CC/ TOTAL 

< C > forms 81.1% (73/90) 66.6% (60/90) 73.8% (133/180) 

< CC > forms 18.8% (17/90) 33.3% (30/90) 26.1% (47/180) 

< CiCi > forms 10% (9/90) 14.4% (13/90) 12.2% (22/180) 

< CiCj > forms 8.8% (8/90) 18.8% (17/90) 13.8% (25/180) 

 
 

As can be seen from Table 3.15, the results are rather surprising: both singleton 

and geminate consonants were largely transcribed using only one consonant letter, 

suggesting that participants failed to detect the length contrast in the consonants. Despite 

the fact that the stimuli were presented as minimal pairs, hence giving prominence to the 

contrast, participants may have perceived both phonological strings are repetition of one 

another. That is, while listening to the auditory items to spell out, participants may have 

thought that each item was immediately followed by a repetition, consequently yielding 

identical orthographic forms. Because singletons were presented first, this would explain 

the large number of < C > forms compared to < CC > forms. 

We notice however an increase in the use of accent marks for /CC/ non-words on 

the orthographic vowels directly preceding or following the target consonants (especially 

after such consonants). The use of such diacritic might have been a strategy employed to 

indicate the presence of a length contrast. If we look more closely, we count a total of ten 

accent marks on orthographic vowels adjacent to a single target consonant. If we consider 

these diacritics to represent a long consonant, we end up counting 40/90 instances of < 

CC > representing /CC/ and 50/90 instances of < C > standing for /CC/, which equals to 

44.4% and 55.5% respectively. While these numbers do not change the overall picture, it 
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nevertheless suggests that participants’ perceptibility of a consonantal length contrast 

when presented as minimal pairs is somewhat comparable to that of participants who 

listened to the auditory stimuli presented in a random order. In sum, it seems that L1 

English speakers are to some degree sensitive to a consonant contrast based on length in 

light of their homogeneous responses in both of these spelling experiments.  

 
3.8 Summary of Experiments and General Discussion 

A set of five L2 word-learning experiments was presented in this chapter. These 

experiments examined how native English-speaking participants learned non-words in 

Japanese, a foreign language with which they had no prior experience. More specifically, 

the focus of investigation pertained to their ability to establish lexical representations 

contrasting in consonantal length word-medially (e.g. [pete] vs. [pette]). In other words, 

these experiments aimed to uncover how a lexically meaningful difference in acoustic 

duration is taken into account in participants’ formation of a mini-lexicon in a second 

language. These experiments also probed how experience with the items’ written forms 

shaped the phonological content of these novel lexical representations. Table 3.16 below 

briefly summarizes the findings of these experiments. 
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Table 3.16: Summary of results for each of the five L2 word-learning experiments in 
Chapter 3. 
 

Word-learning Experiments Script effect Post-test  
accuracy 

6 | No ortho ~ Hiragana script none (p = 0.16)      35.7% 

7 | No ortho ~ Hybrid script none (p = 0.29)      86.9% 

8 | No ortho ~ Enhanced Hybrid script inhibitory (p = 0.03 [interaction])      91.2% 

9 | No ortho ~ Roman script none (p = 0.75)      95.6% 

10 | No ortho ~ Opaque Hybrid script inhibitory (p = 0.01 [interaction]) 
(p = 0.02 [simple effect])      88% 

 
 
Experiments 6, 7, and 9 detected no significant difference in performance 

between a group of L2 learners who saw a sequence of four Xs, and another one who saw 

the Japanese non-words transcribed in either Hiragana characters (Experiment 6), a 

Roman/Cyrillic blended script (Experiment 7), or Roman letters (Experiment 9). This 

lack of significant results seems to indicate that the availability of a foreign or familiar 

script in the course of novel word learning does not generally affect L1-English 

participants’ acquisition of a phonological length contrast. The outcome of Experiments 6 

and 9 enables us to conclude that the acquisition of an L2 consonantal length contrast 

remains immune to any negative or positive script effect at a word-based level of 

processing. That is to say, whether participants were exposed to a written representation 

they are incapable of deciphering (e.g. Hiragana symbols) or one that they are entirely 

capable of parsing (e.g. Roman letters), the phonological content of their L2 lexical 

representations is statistically comparable to that of other learners who did not have 

access to any meaningful script.  

If it were only for Experiment 7, a similar claim could be made regarding the 

influence of a foreign script at a letter-based level of processing. However, the results of 
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Experiments 8 and 10, in which aspects of the script were manipulated at the level of 

individual letters, prevent us from reaching such a conclusion. Significant interactions 

between the variables Condition and Item Type were indeed detected. Experiment 8, 

which highlighted the foreign characters encoding the relevant phonological contrast, 

yielded a significant interaction with no significant simple effects of Condition at the 

levels of Item Type. However, the difference in accuracy on the mismatch items between 

word-learning conditions (i.e. NO ORTHOGRAPHY CONDITION and ENHANCED HYBRID 

SCRIPT CONDITION) is more salient than on match items. This numerical difference, 

although not statistically significant, is nevertheless suggestive of the fact that 

participants in the ENHANCED HYBRID SCRIPT CONDITION experienced more difficulty on 

mismatch items than those in the NO ORTHOGRAPHY CONDITION. Hence, these learners 

established phonolexical representations that were less contrastive in comparison to 

learners who were unencumbered by spelling. In Experiment 10, which removed any 

contrast-dependent information from the script, a significant interaction was also 

obtained, along with a significant simple effect of Condition for mismatch items. Note 

also that data exclusion of a couple of high-performing participants brings about a main 

effect of Condition, essentially signaling an inhibitory effect of a partially foreign script 

on L2 phonolexical acquisition. Together then, the results of Experiments 8 and 10 show 

that the manipulation of individual, foreign elements in the accompanying script can 

instantiate phonological confusion on the part of learners.  

The procedural consistency underlying all the experiments in this chapter allows 

us to perform an overall ANOVA with Condition (F(5, 120) = 0.83, p = 0.52, ηp
2 = 

0.019) and Item Types (F(1, 120) = 517.15, p < 0.0001 , ηp
2 = 0.64) as independent 
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variables. Akin to Chapter 2, no significant main effect of Condition was found, but a 

highly significant effect of Item Type is present, where accuracy on matched items far 

outweighed accuracy on mismatched items. Pairwise comparisons between all the word-

learning conditions did not yield any significant differences in performance, thus 

ascribing no advantage or disadvantage of one script over another in the acquisition of 

novel sounds (Hiragana script ~ Hybrid script: F(1, 40) = 0.080, p = 0.77, ηp
2 = 0.0009; 

Hiragana script ~ Enhanced Hybrid script: F(1, 40) = 0.085, p = 0.77, ηp
2 = 0.001; 

Hiragana script ~ Roman script: F(1, 40) = 0.95, p = 0.33, ηp
2 = 0.012; Hiragana script ~ 

Opaque Hybrid script: F(1, 40) = 0.16, p = 0.68, ηp
2 = 0.001; Hybrid script ~ Enhanced 

Hybrid script: F(1, 40) = 762*1013, p = 1, ηp
2 = 307*1014; Hybrid script ~ Roman script: 

F(1, 40) = 0.49, p = 0.49, ηp
2 = 0.006; Hybrid script ~ Opaque Hybrid script: F(1, 40) = 

0.43, p = 0.51, ηp
2 = 0.005; Enhanced Hybrid script ~ Roman script: F(1, 40) = 0.49, p = 

0.48, ηp
2 = 0.007; Enhanced Hybrid script ~ Opaque Hybrid script: F(1, 40) = 0.45, p = 

0.50, ηp
2 = 0.006; Roman script ~ Opaque Hybrid script: F(1, 40) = 1.71, p = 0.19, ηp

2 = 

0.02). Table 3.17 below captures these pairwise analyses in a more reader-friendly way. 

 
Table 3.17: Summary of results for all pairwise comparisons between L2 word-learning 
conditions in Chapter 3. 

 
CONDITIONS No ortho Hiragana Hybrid Enh’d Hybrid Roman 

Hiragana n.s. (Exp. 6)     

Hybrid n.s (Exp. 7) n.s.    

Enhanced Hybrid p = 0.03 (Exp. 8) n.s. n.s.   

Roman n.s. (Exp. 9) n.s. n.s. n.s.  

Opaque Hybrid p = 0.01 (Exp. 10) n.s. n.s. n.s. n.s.18 
 
                                                
18 An interaction trending towards significance (F(1, 40) = 3.73, p = 0.06, ηp

2 = 0.035) was detected.  
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Altogether, these five experiments demonstrate an undeniable influence of foreign 

or unfamiliar script at a letter-based level of processing. A comparison between 

Experiments 6-9 and 10 shows that participants were indeed sensitive to contrastive 

information available through the presence/absence of certain graphical elements, which 

in turn guided their phonological processing of the auditory input. Experiments 6-9 

manipulated various script configurations that nevertheless featured graphical clues 

signaling an alternation; and in the case of Experiments 7-9, this alternation hinted at a 

difference in consonantal length by way of doubled consonants. The outcome of these 

experiments generally revealed no significant difference in performance between groups 

of participants who learned the Japanese non-words with or without the support of a 

written representation. On the other hand, the removal of such graphical clues in 

Experiment 10 yielded a significant difference in performance, where participants 

learning the L2 non-words with the script encountered more difficulty at discriminating 

singletons from geminates. The absence of any alternation-signaling evidence in the 

script consequently hindered participants’ ability to reliably encode the phonemic length 

contrast in their L2 lexical representations. Thus, first-exposure learners of Japanese 

managed to draw inferences about the phonological content of L2 non-words from textual 

information made available in the course of their lexical acquisition. What is of particular 

mention is the fact that this phonologically pertinent information appeared at a level of 

phonographic representation below the complete word.    

As far as learners’ performance on the spelling identification post-tests is 

concerned, it can also be subjected to an overall ANOVA with Condition as the predictor 

variable. Such analysis reveals a significant main effect of Condition (F(4, 100) = 83.72, 
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p < 0.0001, η2 = 0.77), and additional pairwise analyses show exactly which of the word-

learning conditions were significantly different from each other in terms of participants’ 

ability to recall the written forms of the stimuli items: Hiragana script ~ Hybrid script: 

F(1, 40) = 134.96, p < 0.0001 , η2 = 0.77; Hiragana script ~ Enhanced Hybrid script: F(1, 

40) = 156.55, p < 0.0001 , η2 = 0.79; Hiragana script ~ Roman script: F(1, 40) = 218.19, 

p < 0.0001 , η2 = 0.84; Hiragana script ~ Opaque Hybrid script: F(1, 40) = 132.3, p < 

0.0001, η2 = 0.76; Hybrid script ~ Enhanced Hybrid script: F(1, 40) = 1.51, p = 0.22, η2 = 

0.03; Hybrid script ~ Roman script: F(1, 40) = 8.17, p = 0.006, η2 = 0.16; Hybrid script ~ 

Opaque Hybrid script: F(1, 40) = 0.10, p = 0.74, η2 = 0.002; Enhanced Hybrid script ~ 

Roman script: F(1, 40) = 1.98, p = 0.16, η2 = 0.04; Enhanced Hybrid script ~ Opaque 

Hybrid script: F(1, 40) = 0.72, p = 0.39, η2 = 0.01; Roman script ~ Opaque Hybrid script: 

F(1, 40) = 5.34, p = 0.02, η2 = 0.11. These post-test analyses are tabulated below for ease 

of presentation.  

 
Table 3.18: Summary of results on the spelling identification post-tests for all pairwise 
comparisons between L2 word-learning conditions in Chapter 3. 

 
CONDITIONS Hiragana Hybrid Enhanced Hybrid Roman 

Hybrid p < 0.0001    

Enhanced Hybrid p < 0.0001 n.s.   

Roman p < 0.0001  p = 0.006 n.s.  

Opaque Hybrid p < 0.0001 n.s. n.s. p = 0.02 
 
 

From these comparisons, it is not surprising to observe that participants assigned 

to the HIRAGANA SCRIPT CONDITION faced significant difficulty at recognizing the 

stimuli’s written forms compared to those exposed to (semi-)familiar scripts. This 
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difficulty stems from the fact that these participants did not possess the knowledge of 

Japanese grapheme-phoneme correspondences necessary to retain a memory trace of the 

stimuli’s written labels. Hence, their incapacity to phonologically decode the foreign 

script led to their poor recollection of the written stimuli. Other significant differences in 

post-test performance involve L2 word-learning experiences with a Roman script on the 

one hand and a Roman/Cyrillic blended script on the other hand. It was found that 

participants exposed to a completely familiar script were significantly more accurate at 

identifying the written labels associated with each pictured object as opposed to 

participants exposed to a partially familiar script (except when the foreign characters 

within such a blended script were highlighted). This difference in accuracy speaks to the 

fact that word-embedded foreign characters can significantly obscure the phonological 

content of lexical representations such that it limits learners’ ability to satisfactorily 

remember their spelling. However, graphical emphasis on these foreign elements can 

sufficiently dissipate such phonological blur, resulting in a comparable aptitude to 

recollect the stimuli’s orthographic representations.  

Finally, with regards to the two spelling experiments, it was shown that naïve 

English-speaking listeners did exhibit a certain level of sensitivity to a consonantal length 

contrast, given their proportionate use of both single and double letters to transcribe the 

singleton/geminate phonemes. As previously mentioned, accurate perception of the 

contrast would have resulted in a marked reliance on single letters for short consonants, 

and double letters for long consonants, while downright misperception of the contrast 

would have captured English speakers’ propensity to use single letters for both 

phonemes. The results of these two spelling experiments therefore attest to the fact that 



164 
 

 

the scripts used in Experiments 7-9 broadly accorded with English speakers’ intuition 

about orthographic representations of a length distinction. Hence, it is not surprising to 

observe that, numerically speaking, the overall performance on the phonological test was 

slightly higher for the single/double symbol script conditions (i.e. Hybrid [61.3%], 

Enhanced Hybrid [61.3%] and Roman [64.6%]) compared to that of other script 

conditions (i.e. Hiragana [60.1%] and Opaque Hybrid [58.5%]). Nevertheless, it did not 

translate into any significant phonological advantage in terms of acquisition of the L2 

contrast.  

The concluding chapter discusses the results of both the Arabic and Japanese 

studies (Chapters 2 and 3 respectively), and offers some research perspectives for the 

phonology/orthography interface in second language acquisition. 
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CHAPTER 4  

 
 
4.1 Introduction 

This dissertation falls within a nascent field of inquiry in second language 

acquisition, namely, the orthography-phonology interface. Beyond the continuing 

discussion over the locus of difficulty in perceiving and discriminating speech sounds in 

a nonnative language (cf. Section 1.2.2), a growing body of research (cf. Section 1.2.3) 

has revealed that the presence of a written input in the course of novel word learning does 

play a role, positively and negatively, in the outcome of L2 speech perception and 

acquisition. The present work expands on this literature by exploring the influence an 

unfamiliar written representation may exert on the phonological content of newly-

acquired L2 words by ab initio learners. 

In Chapter 2, the acquisition of a consonantal contrast in Arabic was the focus of 

a series of L2 word-learning experiments manipulating different graphical arrangements 

that were unfamiliar to learners. These experiments served to assess the degree of script 

foreignness, the level of linguistic processing of that script, and the interaction between 

these two variables, on the reliable acquisition of target-like phonolexical representations.  

In Chapter 3, the acquisition of another consonantal contrast in Japanese was 

examined through the exposure of written forms that were also foreign to learners. These 

experiments pushed the investigation of script effects on L2 phonological acquisition by 

examining a contrastive length feature rather than a contrastive segmental distinction per 

se. Again, questions related to the degree of script foreignness, the level at which a 
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foreign label may be processed, and the interconnection that these two aspects entertain 

were of concern.  

This concluding chapter is organized as follows: Section 4.2 summarizes and 

discusses the results of all the experiments reported in the preceding two chapters; 

Section 4.3 outlines some perspectives for the future study of orthographic effects in the 

acquisition of second language phonology; and Section 4.4 offers concluding remarks. 

 
4.2 Summary of Experiments and General Discussion 

Two sets of five L2 word-learning experiments were conducted to investigate the 

influence of unfamiliar written representations on two types of nonnative consonantal 

contrasts. Three research questions were delineated to guide this investigation. They are 

reiterated below. 

 
I. Does L2 script unfamiliarity play a role in establishing distinct L2 

phonological representations? 

 
II. At which level of linguistic processing does a written representation affect 

the formation of an L2 phonological lexicon? 

 
III. How do script unfamiliarity and level of linguistic processing interact in the 

acquisition of an L2 phonological contrast? 

 
 

The first question asked whether the presence of a foreign script in the course of 

nonnative word learning could exert any influence on learners’ ability to phonologically 

differentiate these words. It also addressed the question of the degree of script 

foreignness by presenting participants with scripts such as Arabic, Cyrillic or Hiragana, 

which all differ graphically from the Roman script. The second question pertained to the 
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level of linguistic processing, namely the whole word form or parts of that word, 

affecting the creation of target-like phonolexical representations. Finally, the third 

question concerned the integration of these two aspects so as to fully understand the 

mechanism behind orthographic knowledge and L2 phonological encoding. Table 4.1 

below summarizes the outcome of these ten experiments, as well as the answers to these 

research questions. 

 
Table 4.1: Summary of findings for each experiment and research question. 

 
  Variables Research Questions 

Contrasts Experiments Condition Item 
Type 

Post-
tests I II III 

Arabic 
 

/ħ/-/χ/ 

1 | Arabic  sign. sign. 32.1% yes word-based inhibition 

2 | Cyrillic  sign. sign. 61.1% no letter-based inhibition 

3 | Roman  sign. sign. 92% no letter-based inhibition 

4 | Diacritic  n.s. sign. 88% no − − 

5 | Hybrid  n.s. sign. 90.4% no − − 

Japanese 
 

/C/-/CC/ 

6 | Hiragana  n.s. sign. 35.7% no − − 

7 | Hybrid  n.s. sign. 86.9% no − − 

8 | Enhanced Hybrid  sign. interaction 91.2% yes letter-based inhibition 

9 | Roman  n.s. sign. 95.6% no − − 

10 | Opaque Hybrid  sign. interaction 88% yes letter-based inhibition 

 
 
As is obvious from Table 4.1, all of these experiments have produced a significant 

main effect of Item Type, where learners performed significantly better on match items 

than on mismatch items. This finding is not surprising: first-exposure learners are 

essentially naïve listeners, who, according to research on L2 speech perception (cf. 

Chapter 1, Section 1.1) have been shown to experience great difficulty at distinguishing 
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unfamiliar sounds from one another. Hence, misperception of the L2 sounds led these 

learners to consider the majority of picture-word pairs as matching, only at times 

signaling a mismatch. Several d-prime analyses however revealed that the Arabic contrast 

was less detectable than the Japanese contrasts between the NO ORTHOGRAPHY 

CONDITION and some of the script conditions, paralleling the observed inhibitory effects 

of Condition. The latter effect is not so straightforward however, and is actually 

attributable to various aspects of the written representation available to participants. It is 

worth noting that when an effect of Condition has been detected, that effect is 

consistently negative, an outcome that has been occasionally reported in similar types of 

studies (cf. Chapter 1, Section 1.2.3.2), but never with unfamiliar written labels. These 

inhibitory effects of Condition are now discussed with reference to the research questions 

pursued.  

In the study of Arabic /ħ/-/χ/, the effect of script unfamiliarity was confined to a 

word-based level of processing (Experiment 1 with an Arabic script), while letter-based 

effects of script (Experiments 2 with a Cyrillic script and 3 with a Roman script) are 

likely due to the activation of native phonological units by superficially Roman-looking 

characters, blocking in a sense the formation of novel categories. It was concluded then 

that a letter-based effect of script unfamiliarity is either nonexistent or not robust enough 

to be detected with this type of L2 contrast (Experiments 4 with a Diacritic script and 5 

with a Hybrid script).  

In the study of Japanese /C/-/CC/, the effect of script unfamiliarity was here 

mostly confined to a letter-based level of processing (Experiments 8 with an Enhanced 

Hybrid script and 10 with an Opaque Hybrid script, but not Experiment 7 with a Hybrid 
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script), while word-based effects of script were never found, for either unfamiliar 

[Experiment 6 with a Hiragana script] or familiar [Experiment 9 with a Roman script] 

written representations. It has also been found that these letter-based effects of unfamiliar 

script are modulated by the type of items, hence bearing only on mismatch items (which 

actually constitute a more informative measure of learners’ phonological state).  

All together then, these script effects are quite complex as they differentially 

apply to word-based and letter-based levels of linguistic processing, not to mention the 

extent to which they involve the L1 phonology in obstructing L2 phonological 

acquisition. Such results are also compounded by the fact that they concern two very 

different kinds of nonnative contrasts: in the case of Arabic, the contrast was one of place 

of articulation involving two non-L1 categories, whereas in the case of Japanese, the 

contrast was one of duration/length involving only one non-L1 category. Future research 

will have to determine whether the phonological acquisition of L2-L2 versus L1-L2 types 

of contrasts are equally susceptible to the effect of a (foreign) written representation. 

Notwithstanding, it bears mentioning again that when an effect of unfamiliar script was 

found, this effect is consistently inhibitory, which suggests that acquiring novel 

phonological forms can be significantly modulated by extra-linguistic elements that are 

beyond the grasp of early L2 learners.   

On the whole, these inhibitory effects are also intriguing from the perspective of 

the end state of acquisition, namely, bilingual competence. Recall from Chapter 1 that 

research in bilingual visual word recognition has advanced strong arguments for the 

primacy of mandatory, pre-lexical, language-independent activation of bilingual 

phonological codes on the basis of orthographic stimuli, regardless of its nature: 
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alphabetic, syllabic or logographic. This in turn suggests an integrated bilingual lexicon, 

where L1 and L2 phonological representations cohabit within the same mental 

storehouse. How are distinct L2 phonological representations created then if early 

exposure to written material i) significantly prevents the accurate establishment of 

heterophonous representations, and/or ii) has the potential of activating L1 

representations, which can hinder the formation of distinct L2 phonemic categories? In 

other words, how can the interrelationship between L2 orthography and phonology be 

sometimes characterized as negative in the early stage of phonological acquisition, and 

yet be utterly irrepressible at the end state of acquisition? Clearly, more research at the 

orthography-phonology interface in second language acquisition is needed to better 

define the connection between an emerging knowledge of nonnative sound contrasts and 

their graphical instantiation.  

To address this question, one possible research avenue may consist of 

implementing longer word-learning periods, possibly alongside more explicit instructions 

about the phonological characteristics to be acquired, so as to reveal how and at what 

stage in the acquisition process learners manage to overcome this initial inhibitory 

influence of an unfamiliar written representation. It is hypothesized that with increased 

exposure to the linguistic stimuli (both oral and written), L2 learners will come to 

integrate the two inputs more comprehensively so as to facilitate their acquisition of 

novel phonological forms. Over time, the connection between the orthographic and 

phonological codes will become more firmly established, to the point where any 

subsequent exposure to either one of them will automatically trigger the activation of the 
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other. This would then correspond to a high level of L2 proficiency where both L1 and 

L2 lexicons are most likely integrated with one another. 

With regards to learners’ overall performance on the spelling identification post-

tests, the picture is clearer: memorization of the written forms is made possible only 

when the learner has the ability to convert the written input into a phonological code, 

which can then be called upon to successfully complete the identification task. Hence, it 

is not surprising to see that the lowest performances in terms of accuracy relate to the 

Arabic (Experiment 1), Cyrillic (Experiment 2), and Hiragana (Experiment 6) scripts.  

Finally, the results of the spelling experiments showed that English-speaking 

listeners failed to uniformly settle on a written label for both the Arabic 

pharyngeal/uvular contrast and the Japanese singleton/geminate contrast. In the case of 

Arabic, listeners predominantly transcribed the contrast by way of the letter < h >, which 

corresponds to the closest native sound, in terms of place and manner features, to both L2 

sounds. A clear distinction in writing was therefore unlikely given the limitations of 

English’s graphophonological system. The heavy reliance on < h > to transcribe both L2 

phonemes also supports the notion that when presented with < h > initial orthographic 

representations, native L1 phonemes are likely to be activated, in turn obstructing the 

formation of target-like phonolexical representations. In the case of Japanese, the roughly 

equal number of orthographic renditions for both singleton and geminate phonemes are 

suggestive of a certain degree of perceptual sensitivity to consonantal length. However, 

the transcription strategies used to encode that subtle discernment were again not 

consistent across spellers. Besides showing that English-speaking listeners experienced 

poor perceptual discriminability of both Arabic and Japanese contrasts, these spelling 
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experiments also imply that unless an L2 contrast can be unambiguously captured by 

available graphemic tools (e.g. letters, diacritics, digraphs, etc.), a written representation 

provided in the course of phonolexical acquisition is unlikely to assist learners.  

The following section offers a few research perspectives that would broaden the 

scope of investigation regarding this orthography-phonology interface in L2 acquisition.    

 
4.3 Perspectives for future research 

Given our current state of understanding, it is expected that more studies 

exploring the acquisition of numerous other L2 contrasts (of both L1-L2 type and L2-L2 

type), and their interaction with various foreign scripts (e.g. Chinese, Thai, Hebrew, etc.) 

will shed more light on this orthography-phonology relationship in second language 

acquisition. In the studies carried out here, it was suggested that the difference in learning 

outcomes may in part be dependent on the nature of the contrast to be learned, both in 

terms of its category definition (i.e. L1-L2 or L2-L2) and its quality (i.e. segmental with 

Arabic /ħ/-/χ/ vs. prosodic with Japanese /C/-/CC/). Future research will have to 

determine whether the acquisition of different types of contrasts is differentially affected 

when, for instance, the same written input is provided to learners. The breadth of 

coverage is of course unlimited, but targeted studies involving several phonological 

dimensions, such as segmental, phonotactic, and prosodic distinctions, would help 

provide us with a more comprehensive picture of the range of effects a written 

representation may bring about in terms of phonological learning.  

On top of further exploring acquisitional patterns with regards to the type of 

contrast and script, another informative avenue of investigation concerns the degree of 

orthographic complexity encoding nonnative phonemes. All of the cases examined thus 
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far have relied on orthographic representations that biuniquely mapped graphemes onto 

phonemes: that is to say, grapheme O1 uniquely maps onto phoneme P1, and grapheme 

O2 uniquely maps onto phoneme P2. Such one-to-one mapping shows that when the 

orthographic representation unambiguously corresponds to the targeted contrast, an effect 

of orthography is for the most part observed, whether that effect is facilitatory or 

inhibitory.  

Given that cross-linguistically, written systems are phonologically more opaque 

than transparent (Cook and Bassetti, 2005), it remains to be seen for instance whether 

varying phoneme-grapheme mappings (Ø, O1, O2, O3) lead to slower and less accurate 

acquisition of an L2 phonological contrast (P1 and P2), as is schematized below.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4.1: Typology of (L2) contrastive [P]honemic to [O]rthographic mappings. 
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While, theoretically, this typology can be expanded by boundlessly augmenting 

the number of orthographic representations, empirically, such configurations are 

improbable: even the most opaque of writing systems do not assign scores of graphemic 

values to a single phoneme. It would therefore be pertinent to only considering a 

maximum of three graphemic representations, each mapping onto two phonemes. Table 

4.2 below offers illustrative examples from American English that exhibit the most 

complex of mappings (i.e. scenario (j)), which by way of inclusion also serves as a 

representative of all other less complex mappings (i.e. scenarios (a-i)).  

 
Table 4.2: American English consonantal and vocalic examples illustrating and 
encompassing all phoneme-grapheme mapping scenarios. 
 

 Phonemes   Phonemes 

Graphemes P1 = /s/ P2 = /ʃ/  Graphemes P1 = /i/ P2 = /ɛ/ 

O1 = < c > rice liquorice  O1 = < e > lethal lemon 

O2 = < sc > science fascism  O2 = < ea > breach bread 

O3 = < s > sum sugar  O3 = < eo > people leopard 

(a) Consonantal phoneme-grapheme mapping  (b) Vocalic phoneme-grapheme mapping 

 
 

Assuming that a second language learner is acquiring an opaquely scripted 

language, the varying degrees of mapping between grapheme(s) and phoneme(s) would 

enable us to further investigate the effect of orthography on newly-formed L2 

phonological representations. Several predictions can be postulated from the typology of 

mappings outlined above. They are tabulated below.  
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Table 4.3: Predicted orthographic effects based on typological scenarios. 
 

Scenarios Types of expected 
orthographic effects Rationales 

(a) none Absence of orthography. 

(b) 
none 

 
inhibitory 

The L2 phonological contrast is confounded by a single 
orthographic representation, hence providing either no 
facilitative or, on the contrary, conflicting visual 
information.  

(c) 

facilitatory 
 

none 
 

inhibitory 

The biunique correspondence between grapheme(s) and 
phoneme(s) presents no ambiguity of mapping; 
orthography can straightforwardly support the auditory 
input (facilitation), unless L1 GPCs are interfering 
(inhibition). Orthography may also have no effect at all. 

(d-f) 
none 

 
inhibitory 

The relatively low number of orthographic 
representations and/or grapheme(s)-phoneme(s) 
correspondences should not exert too much difficulty in 
mapping, but can nevertheless be confusing for 
learners.  

(g-j) inhibitory 

The cumulated amount of information supplied by both 
the number of orthographic representations and the 
number of grapheme(s)-phoneme(s) mappings should 
significantly inhibit learners in their ability to acquire a 
nonnative phonological contrast.  

 
  

Furthermore, given these assumptions, an implicational degree of difficulty in 

establishing the L2 contrast can be envisaged, based on i) the relative number of 

orthographic representations (i.e. one, two or three) and ii) the relative number of 

mappings between graphemes and phonemes (i.e. one, two or three). The latter aspect can 

be considered to be more important than the former in the acquisition of the novel L2 

contrast, because it ultimately informs the learner of the phonological contrast at play. I 

therefore propose the following difficulty scale (from easier to harder).  
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easier              harder 

(c) >> (d) >> (f) >> (e) >> (a)/(b) >> (g) >> (h) >> (i) >> (j) 

 
Figure 4.2: Difficulty scale in acquiring an L2 phonological contrast based on the number 
of orthographic representations available and on the number of grapheme-phoneme 
correspondences. 
 
 

In light of experimental findings reported in the literature (cf. Chapter 1), the 

biunique scenario (i.e. (c)) has been shown to influence (positively and negatively) the 

acquisition of a nonnative phonological contrast, as opposed to a learning situation where 

orthography was absent (i.e. (a)). The case of scenario (b) is interesting because it 

essentially offers an orthographic representation to learners, but one that does not 

distinguish the contrast, but rather, neutralizes it. Therefore, it is assumed that this 

situation can either mirror that of scenario (a), with no orthographic input, or can be quite 

inhibitory in terms of phonological discrimination. It remains to be seen whether the 

orthographic representation provided is familiar enough to learners so as to trigger L1 

grapheme-phoneme correspondences, which could in turn exacerbate the task of 

distinguishing L2 phones. Scenarios (e) and (f) are also interesting in that they serve to 

uncover which of the number of orthographic representations available and the number of 

grapheme-phoneme correspondences is of greater importance in the course of L2 

phonological acquisition. Here, the number of correspondences is believed to be crucial, 

and following a principle of economy, I would consider scenario (f) to yield relatively 

more facilitation than scenario (e), with more connections between graphemes and 

phonemes. Following that logic, the rest of the scenarios (all with three orthographic 

representations available) are ordered according to their relative number of grapheme-

phoneme correspondences.  
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This research perspective would of course have to carefully control for potential 

effects of L1 phonological activation on the basis of orthographic input. Notwithstanding, 

the manipulation of phonological transparency would serve to address a number of 

questions regarding the scope of this orthography-phonology interaction in second 

language acquisition. 

 
4.4 Conclusion 

By investigating the extent of orthographic knowledge in the course of L2 

phonolexical acquisition, the experiments reported here answer a need identified by a 

number of studies and researchers (cf. Chapter 1). The focus has been on the nature and 

degree of script unfamiliarity, which has thus far received little attention in this growing 

body of research.  

The general outcome of this dissertation’s experiments is that an unfamiliar 

written representation does not facilitate the formation of distinct phonological categories 

in the minds of second language learners. On the contrary, it has been shown that when 

exposed to a foreign label, the acquisition of a nonnative phonological contrast is either 

unaffected or severely hindered. Such finding is at odds with another L2 word-learning 

study, where exposure to a written label featuring unfamiliar diacritics, has reported a 

facilitatory effect of script (Showalter and Hayes-Harb, 2013). On the other hand, the 

experiments failing to find a significant difference between two groups of L2 learners are 

more in line with yet another word-learning study manipulating a foreign script 

(Showalter, 2012). Additionally, this inhibitory effect of script unfamiliarity has been 

shown to operate at various levels of linguistic processing (i.e. word-based or letter-

based), depending on the type of L2 contrasts to be acquired (i.e. L2-L2 or L1-L2).  
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From a more practical perspective, the present results call for a consideration of 

potential implications for second language teaching. However, because the experiments 

presented here do not reflect an authentic situation of second language learning (as it 

would be carried out in a classroom or immersion setting), the conclusion that early L2 

learners should not be exposed to an unfamiliar written form alongside its corresponding 

sound form is not entirely warranted. Indeed, foreign language teaching, more often than 

not, provides learners with explicit instructions about the features of the foreign script, 

not to mention longer exposure time to the language forms, both written and oral. This 

was not the case in the present investigation, where learners received no instruction 

regarding the nature of the script and did not have any control over the amount of 

exposure to the stimuli. If anything, the present results suggest that abrupt and unguided 

exposure to unfamiliar language stimuli can have adverse consequences for second 

language learning. Instructors therefore ought to be attentive to the fact that introducing a 

written support in the course of L2 teaching should not be overlooked and/or remain 

unexplained, whether that orthographic input appears unfamiliar or familiar to learners.  

On the other hand, the current experimental setting might be more comparable to 

a language contact situation where both oral and written forms of language are 

simultaneously and rapidly available in the course of processing. Given the advent of new 

communication channels (e.g. online chatting, texting, blogging and vlogging) and social 

media sites, often incorporating auditory and visual materials, exposure to a diversity of 

linguistic stimuli has increasingly become the norm. Hence, researchers in the field of 

loanword phonology might find this type of research particularly relevant given the 

recent and growing interest in orthographic influences on the phonological shape of 
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borrowed words (e.g. Smith, 2006; Vendelin and Peperkamp, 2006; Friesner, 2009; Shaw 

and Balusu, 2010; Mathieu, 2012).  

To conclude then, I join a number of researchers in insisting on the need for more 

investigation into the complex bond that orthography and phonology share in the 

acquisition of a second language.  
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