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Abstract 

This study aims to measure the accentual feature of the acoustic properties of English and Arabic alveolar laterals produced by 

Arabic-English bilinguals. More precisely, it examines whether bilinguals develop or maintain separate spectral and temporal properties for 

the sounds of their community when these converge with the phonetic properties of their first language. Further, it investigates the effect of 

syllable position in the acoustic production of Arabic and English laterals. Finally, it explores if there is any phonetic convergence of the 

laterals in each language due to the elicitation of a bilingual language mode. The acoustic analysis of bilinguals' realizations of /l/ consists of 

the F1, F2, F2-F1, and F3-F2 differences values expressed in Hertz and Bark. These values are extracted from the midpoint of the laterals 

and realized in three contexts: word-initial, word-medial, and word-final positions. The results reveal that bilinguals exhibit 

language-specific phonetic distribution and relatively acoustic accommodation in realizing laterals when code-switching tokens. 
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1. Introduction 

1.1 Clear and Dark Laterals in Arabic and English  

English laterals are commonly described as having allophonic patterning of /l/: dark /l/ occurs in the syllable rimes, and clear /l/ occurs in 

the syllable onsets (Carter & Local, 2007; Kirkham & McCarthy, 2021; Recasens, 2004; Sproat & Fujimura, 1993). The former is more 

back and vowel-like in quality, whereas the latter is more consonantal in quality (Abushihab, 2010; Abushihab et al., 2011; Recasens, 

2004). In articulatory speaking, when producing the clear and dark allophones of /l/ in English, it is argued that two gestures are involved, 

namely apical and dorsal. More specifically, clear /l/ is produced when the apical gesture precedes the dorsal gesture, whereas the 

reversed gesture pattern is found when producing dark /l/ (Sproat & Fujimura, 1993). In terms of acoustic properties, previous studies 

have revealed that laterals have different resonant qualities that are sensitive to positional effects. By extension, clear /l/ has relatively low 

F1 and high F2, whereas dark /l/ has a more compact spectrum in which a lower F2 formant is combined with a higher F1 formant 

(Amengual,2018; Cater & Local, 2007; Ladefoged & Maddieson, 1996; Recasens, 2012). Conversely, Arabic has been described as 

having clear /l/s in all syllable positions, except in some limited environments. For instance, pharyngealized /l/s occur in words that 

include the name of God /Ɂalαh/, emphatic segments such as /baliiT/ ("tiler"), or in some loan words such as /lαmba/ ("lamp"). Generally, 

the precise site of the articulatory feature of emphatic sounds in Arabic is a disputed issue among Arab grammarians. Moreover, the 

presumably universal acoustic difference descriptive studies have advocated between the realization of /l/ in initial and final positions is 

relatively small. In terms of the gestures involved in the articulation, the Arabic laterals are characterized as apico-alveolar lateral (Al-Ani, 

1970; Shaheen, 1979). However, Arabic varieties differ in terms of whether they have a clear/dark binary distinction. For example, 

Shaheen (1979) examined the acoustic and temporal properties of Egyptian /l/s across phonological words in the context of long vowels. 

He found Egyptian clear /l/s have high F2, whereas pharyngealized /l/s exhibit low F2. These findings were consistent with subsequent 

studies (e.g., Laufer & Baer, 1988). In a study conducted on laterals produced by Lebanese speakers, Haddad (1984) found that Lebanese 

Arabic does not involve emphatic /l/, but in a few cases, /l/ becomes velarized by a dental consonant or back vowel as triggers.   

Phonetic codeswitching is a natural aspect of bilingual communication. It shows the ability of bilinguals to blend and alter two separate 

phonological systems within the same conversation. Several acoustic studies performed on the production of laterals by bilinguals have 

investigated the behavior of the code-switched tokens involving laterals. For example, Khattab (2011) examined the realizations of the 

allophonic variants of Arabic and English laterals by Arabic-English bilinguals and monolinguals. She measured the first three formants 

(F1, F2, and F3) for /l/s in different contextual positions. The findings of her study reveal that Arabic has clearer /l/s than English, and 

bilinguals maintain separate acoustic distribution for clear and dark /l/s in each language. Amengual (2018) conducted a study on the 

acquisition of laterals by Spanish-English bilinguals. He stated that bilinguals have acquired the allophonic variants characteristics of 

laterals in each language. Also, he argued that language dominance significantly affects the production of Spanish and English laterals. In 

light of this background, this study used different acoustic measurements (F2-F1 and F3-F2) and recruited cross-dialectal Arabic-English 

bilinguals. A linear mixed-effects regression model was used to quantify the differences between dark and clear /l/s in Arabic and English 
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for statistical analysis. 

1.2 Speech Learning Model  

According to Flege's (1995) speech learning model (SLM), categories that are similar in the L1 and L2 phonetic systems undergo either 

assimilation or dissimilation. In other words, similar phonetic categories will block the development of separate categories. This is 

presumably due to L2 sounds being perceptually identical to the native learners' language and a merged L1 + L2 category being created in 

their perceptual-acoustic space. However, dissimilation occurs when bilinguals develop separate phonetic categories for L1 and L2, 

assuming the coexistence of the L2 and L1 phonetic categories in the same perceptual-acoustic space. Following Flege‟s (1995) SLM, this 

study makes the following predictions: 

- If there are any significant differences, this means the bilinguals are adept at accommodating different phonetic categories for 

each language? But,  

- However, if there is an overlap in the production of the code-switched token, bilinguals cannot separate the phonetic aspects of 

laterals in each language. 

- The quality and the implementation of initials, intervocalic/medial, and final positions of /l/s in Arabic and English have 

language-specific and dialect-specific differences.  

Based on these predictions, the main objective of this study is to investigate the acoustics of clear and dark /l/s in Arabic and English as 

produced by Arabic-English bilingual children. More specifically, it attempts to answer the following questions: 

1. What is the essential acoustic correlate of clear-dark /l/s in Arabic and English as produced by bilingual children? 

2. Are the F2, F2-F1, and F3-F2 values of laterals significantly different in Arabic-English bilinguals‟ productions of 

code-switched tokens? 

3. To what extent do the productions of clear-dark /l/s in both languages exhibit convergence? 

4. Do bilingual children develop or maintain separate language-specific and dialect-specific variants of /l/s? 

2. Methods  

2.1 Participants  

Nine Arabic-English bilingual children took part in this study. All of them were aged between 13 and 15. They were from the Levant, Iraq, 

and Egypt but were recruited in Newcastle, UK. The target accent for the clear-dark /l/s/ distinction in English was “Southern Standard 

British English” (SSBE). Generally, the salient accentual features of this area are described as showing a lack of clear-dark /l/ distinction 

(Wells, 1982). As for /l/s in Arabic varieties, clear /l/s appear in all word positions, while the dark/pharyngealized /l/s occur in limited 

positions. The participants were receiving education at English schools during the week and Quranic recitation lessons for 2 hours on the 

weekend. Prior to recording, a questionnaire was administered to examine their language background. The questions were as follows: (1) 

What language do you speak at home and with your friends?; (2) What language do you use more frequently in your daily life?; and (3) 

Out of ten, rate the use of Arabic/English in your daily life (a) family, (b) with friends, (c) at school, and (d) while shopping. Normal 

hearing and no history or language impairment were reported.  

2.2 Data Collection 

The aim of the study is to examine the realization of clear-dark /l/s in different vowel contexts and syllable positions in Arabic and 

English using acoustic analysis. The acoustic measures of Arabic and English tokens were recorded at the Muslim Welfare House using a 

TASCAM DA-P1 portable DAT recorder with an AKG C420 headset condenser microphone. Each participant was asked to read the 

sentences naturally at a normal speech rate and in a quiet room. The acoustic structure of the clear-dark /l/s and the preceding and 

following vowels in Arabic and English tokens were manually segmented on the basis of visual information in a broadband spectrogram 

and auditory assessment.  

2.3 Material 

The Arabic and English tokens were set in carrier sentences "?ukub/?ikitib…. martin" and "write….twice, respectively. The Arabic target 

dark/pharyngealized and clear /l/s are elicited in word-initial, medial, and final positions and coda clusters. In contrast, the English 

clear-dark /l/s were recorded in prevocalic, intervocalic, and coda positions. Tables 1 and 2 show the contexts used to analyze the /l/s. 

Table 1. Summary of the /l/ English tokens analyzed in the study 

Position Example Syllable affiliation Number of tokens 

V1#LV1 I leap Onset 305 tokens 

V1L#V1 Call it 
heal-ing 

Coda 495 tokens 

V1L# Fool 

V1LV0 Taula Intervocalic  243 tokens 
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Table 2. Summary of the /l/ Arabic tokens analyzed in the study 

Position Clear /l/ examples Emphatic /l/ examples Syllable affiliation Number of tokens 

#LV1 Libis libiT Onset 54 tokens 

 lasaʕ laTaʕ   

 Lugmih lugTa   

V1LV1 ɣilis ɣiliT Intervocalic 90 tokens 

 Xalaf xalaT   

 Zulum Dulum   

V1L# Tifil Tifil  Coda 108 tokens 

 Badal baTal   

C1L# sahl  saTl Syllabic 54 tokens 

2.4 Data Analysis 

The acoustic analysis extracted the steady state of the midpoint of F2, F2-F1, F3-F2, and duration for /l/ using an automatic tracker in 

different context-specific allophonic patterning, as shown in Table 1 and Table 2, using Praat with the maximum formant of 5,500 Hz for 

children (Boersma & Weenink, 2008). The results of the formant frequencies were analyzed to explain the language-dependent differences. 

Acoustically speaking, it is documented that the F2 values are associated with the constriction of the back of the tongue, whereas the F2-F1 

and F3-F2 values provide the degree of the lateral darkness because lower F2 and F2-F1 and higher F3-F2 values indicate darker /l/s than 

clearer /l/s (Recasens & Espinosa, 2005; Recasens et al., 1995). The means and standard deviations of F1, F2, and duration midpoints were 

calculated. As for statistical analyses, linear mixed-effect models (LMMs) were carried out using R software (Team, 2014) to provide 

statistical evidence for the differences between English and Arabic laterals (Bates et al., 2015). 

3. Results 

3.1 Descriptive Results 

Tables 3 and 4 below show the means and standard deviations for F1, F2, and F2-F1 values in Hertz for the bilinguals‟ productions of 

English and Arabic laterals. These are organized by language, context, and speaker. As shown by Sproat and Fujimura (1993), the range of 

F2-F1 values at the midpoint of the laterals is from 904.23 Hz to 1315.71 Hz for "clear" realization and from 515.34 Hz to 908.96 Hz for 

"dark" productions. These data show that bilinguals have a mean of 1166 Hz before back vowels and 1373 Hz before front vowels but a 

mean of 926 Hz after back vowels and 1228 Hz after front vowels. Accordingly, final /l/s have positional effects in which F2 is lower than in 

initial /l/s. This suggests a continuum rather than a binary classification between clear and dark /l/. The following section will show the 

phonetic results for both languages in different contexts to explicitly compare laterals' positional contrast between Arabic and English and 

the positional allophony of laterals in English. 

3.2. Phonetic Results 

Figures 1 and 2 show the acoustic properties of the bilinguals‟ production of laterals in three different contexts. Overall, as can be seen, the 

Arabic-English bilinguals produce Arabic laterals with relatively lower F2 and smaller F2-F1 distance in Bark compared to English laterals 

except in the coda position, where the English laterals have the lowest F2 and smallest F2-F1 distance. The small cut-off in the final position 

of the English production of tokens supports the idea of gradient orderliness. Also, this suggests that the bilinguals maintain distinct 

phonetic categories for English and Arabic. In addition, these findings reveal that English has lighter /l/s than Arabic /l/s, as shown in Figure 

1, which contradicts Khattab‟s (2011) claim that Arabic has clearer /l/s than English. Presumably, bilinguals' realizations produce the Arabic 

tokens with an intermediate degree of darkness. 

 

Figure 1. F2 results of bilinguals‟ productions of laterals in Arabic (leftward) and English (rightward)in three contexts (prevocalic, 

intervocalic, and postvocalic) in Barks. Circles represent outliers 
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Figure 2. F2-F1 differences of bilinguals‟ productions of laterals in Arabic (leftward) and English (rightward)in three contexts (prevocalic, 

intervocalic, and postvocalic) in Barks. Circles represent outliers 

3.3 Linear Mixed Model Results 

Two linear mixed-effects regression models fitted by REML were run to the midpoint of F2, F2-F1, and F3-F1 in Barks as a varying 

intercept. Context (i.e., prevocalic, intervocalic, and postvocalic), duration, and vowel (front and back) were used as fixed effects 

separately per language in addition to the restricted maximum likelihood estimation. For English laterals, the analysis revealed that the 

effects on F2 values in the context of front vowels were found significant (βfrontvowel= -6.41, 95% CI -0.012 to -0.0001; t-test using 

Satterthwaite‟s method, t7= 3.523, p= <0.001). However, no significant interactions with context-prevocalic (βprevocalic=1.33, t4=1.82, 

p=1451) or duration (βduration=1.32, t3=1.32, p=1861) were found, as shown in Table 1. However, the mixed analysis indicated two 

fixed factors that demonstrated significant effects on the F2-F1 results, mainly; context-prevocalic (βprevocalic= -1.48, 95% CI -0.023 to 

-0.006; t-test using Satterthwaite‟s method, t 4= 2.270, p <0.001) and vowel: front (βvowel-front= -1.48, 95% CI -0.023 to -0.006; t-test 

using Satterthwaite‟s method, t8= 2.687, p <0.001). However, no significant interaction with duration was found (βduration=9.039, 

t3=0.768, p=0.4428). Interestingly, the F3-F2 results revealed significant effects with all fixed factors: vowel-front (βfront-vowel=1.039, 

t6=2.799, p=<0.001), context (βprevocalic=-2.856, t6=-6.556, p=<0.001) and duration (βduration=0.013, t6=2.461, p=<0.001), as shown 

in Table 3. However, the Arabic F2 and F2-F1 values had no significant interaction with the fixed factors- vowel, context, and duration. 

That is said, the Arabic F3-F2 results showed significant interaction with front vowels (βvowel-front=0.752, t116=3.383, p=<0.001), but 

no significant interaction was found with context and duration. 

Another two linear mixed-effects models were fitted by RELM for both languages together, with Arabic as the default language. The 

results revealed that F2 values have a marginally significant effect interaction with the fixed factor vowel-front (βvowel-front=9.943, 

t5=2.226, p=<0.001), with English having more lower F2 values than Arabic. Moreover, F2 values have another marginal significant 

interaction with context-prevocalic (βprevocalic=1.634, t5=2.454, p=<0.001). However, the linear model test yielded no significant 

effects of the F2 values on the fixed effects duration (βduration=1.165, t5=1.286, p=0.1991), language (βduration=7.293, t5=-0.947, 

p=3840) and context-postvocalic (βduration=-1.563, t8=1.757, p=0.1168).  

As for the F2-F1 results, the linear test model showed that F2-F1 values have no significant interaction with the fixed factors context 

(βprevoclaic=2.517, t5=1.633, p=0.0427; βpostvoclaic=2.050,t5=1.633,p=0.1408), duration(βduration=0.001,t483=0.992,p=0.321), 

language (βEnglish=-0.784, t6=-0.717, p=0.5022), or vowel-front(βvowel-front=0.977, t9=1.533, p=0.1600). Interestingly, the F3-F2 

results yielded the main significant interaction with all fixed factors as follows: vowel-front (βfrontvowel=1.145,t497=10.659,p=<0.001), 

context postvocalic (βpostvocalic=-2.699, t497=-4.490, p=<0.001), context-prevocalic (βprevocalic=-2.950, t497=-8.008, p=<0.001), 

language-English (βEnglish=3.575, t497=6.946, p=<0.001) and duration (βduration=-0.007, t497=-4.651, p=<0.001).  

4. Discussion 

4.1 Arabic Laterals 

This section discusses the Arabic tokens' results of F2-F1 and F3-F2 values realized by bilinguals, as shown in Figures 3 and 4, 

respectively. The box plots in Figures 3 and 4 display the bilinguals' production of /l/ across phonological environments, showing a nice 

linear trend and no evidence of clear bimodal distribution. The acoustics data reveals that the Arabic /l/-type tokens are relatively tight and 

have to some extent stable lightness in all the phonological environments to some extent, with wider variation in the ?alab-type tokens, 

suhuul-type tokens, and the syllabic "sahl" –type tokens. As can be seen, the libis-type tokens are the lightest in the articulations. This 
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suggests that initial~final contrast is not distinct, but the word-final /l/s are produced with slight pharyngealized articulations. This is 

potentially due to preservatory coarticulatory darkness in Arabic laterals. Moreover, although it is expected that the environment of 

suhuul-type tokens, where /l/ is preceded by a high back vowel, falls out of the line of lightness, it shows the opposite pattern. With 

respect to the existing literature, this plot provides further weight to the claim that Arabic exhibits "clear" /l/s in all contextual positions to 

some extent, whereby there are no two potential categories are seen, but a slight stepwise gradient pattern can be noticed.  

 

Figure 3. F2-F1 values for Arabic /l/ 

The boxplot of the F3-F2 values exhibits how light Arabic laterals compare to English laterals. It shows a relatively stable lightness in the 

last six contexts. Further, it can be seen that the laterals show higher values and wider distribution in the context of the /a/ vowel, while they 

are tight and clustered together in the vocalic context /u/ and /i/. 

 

Figure 4. F3-F2 values for Arabic /l/ 

4.2 English Laterals 

This section discusses the English tokens results of F2-F1 and F3-F2 as produced by bilinguals in three different vocalic contexts, high front, 

mid-high, and high back vowels, to examine the scale and degree of darkness and coarticulatory resistance. The box plot in Figure 5 shows 

the results of F2-F1 values across phonological environments, providing plausible evidence for the categorical allophonic patterning of /l/ in 

English as produced by bilinguals. The leap-type, healing-type, and heal#it-type tokens have "clearer" /l/s compared with heal-type, 

felix-type and heal#people-type tokens, which they have a low F2 and high F1 values, resulting in smaller F2-F1 differences. As can also be 

seen, the heal-type, felix-type and heal#people-type tokens have tight, and more clustered, and relatively stable darkness. Moreover, a small 

cut-off is seen as a border between darkness and clearness. The acoustic analysis shows that the categorical allophonic distinction is not 

sensitive to the word-level onset and coda /l/s, as shown in the heal#it-type tokens.  
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Figure 5. F2-F1 values for English /l/ before and after the front vowel 

Figure 6 shows that word-final /l/s have relatively higher values than non-final tokens. More precisely, the productions of the heal#it-type 

tokens appear to have a wider variation compared to the tight and more clustered productions of heal-type and heal#people-type tokens, 

which have the highest F3-F2 differences. The word-initial leap-type, the word-medial felix-type, and the word-medial morpheme boundary 

healing-type tokens stay relatively stable, with lower F3-F2 differences compared to other word-type tokens. Confusingly, it can be noticed 

that the felix-type tokens exhibit relatively lower F2-F1 values in line with heal-type and heal#people-type tokens in Figure 5 but exhibit 

lower F3-F2 values in Figure 6 compared to Figure 5.  

 

Figure 6. F3-F2 values for English /l/ before and after the front vowel 

Regarding laterals in the context of mid-back vowels, the boxplot in Figure 7 shows a small but not definite cut-off in the realization of /l/ in 

the context of the back vowels /ɔ/. Generally, the bilinguals produce initial~final contrast /l/s in the context of mid-back vowels, producing 

where they produce higher F2-F1 values in non-final contexts and lower F2-F1 values in final contexts. Moreover, as can be seen, the 

call-type and fall#badly-type tokens are clustered together and have the darkest /l/s, whereas the word-medial and word-initial /l/s have wide 

variations. 
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Figure 7. F2-F1 values for English /l/ before and after the mid-back vowel 

Interestingly, as can be observed in Figure 8, the bilinguals have higher F3-F2 values for /l/s' produced across phonological environments. 

This suggests that the realizations of /l/ in the context of mid-back vowels lie in the middle of the continuum between clear and dark. 

However, while all the tokens have wide variations, the fall#badly-type tokens exhibit a clustered production. 

 

Figure 8. F3-F2 values for English /l/ before and after the mid-back vowel 

In the context of the high back vowel /u/, there is a small but clear cut-off between tokens in the postvocalic context, where the 

fool#people-type tokens have the darkest /l/, and tokens in the pre- and intervocalic as shown in figure 9. Compared with the F2-F1 

differences in the context of mid-back vowel, the fool, fool#it, and fool#people-type tokens have smaller F2-F1 distance values than the loo, 

tula, and fooling. 

 

Figure 9. F2-F1 values for English /l/ before and after the high-back vowel 

The F3-F2 values in Figure 10 are largely the mirror of the F2-F1 values, whereby the fool, fool#it, and fool#people-type tokens have high 

F3-F2 and low F2-F1 values, whereas loo-type, tule-type, and fooling-type tokens show the opposite patterns. When comparing the results 

of F3-F2 values of laterals in the context of the prevocalic high-back vowel /u/ with the mid-back vowel /ɔ/, laterals have lower F3-F2 values 
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when followed by high-back vowels. These findings show that laterals followed by the high-back vowel /u/ are highly resistant to vowel 

coarticulation, and laterals preceded or followed by the mid-back vowel /ɔ/ have preservatory coarticulatory darkness. 

 

Figure 10. F3-F2 values for English /l/ before and after the high-back vowel 

In summary, the results show that bilingual children produce clear realizations of laterals in Arabic, and the positional contrast does not 

affect the degree of laterality. In contrast, they adapt a positional contrast in English in front, mid-back, and high-back vowels but with 

varying degrees. This suggests that the bilingual children did not transfer their Arabic system to English as expected. More interestingly, 

Arabic-English bilingual children employ different articulatory gestures in producing laterals in Arabic and English, though this needs to be 

proved using articulatory data. This contradicts previous findings that claim that bilingual children employ articulatory strategies closer to 

English than Arabic (Khattab, 2011). 

5. Conclusion 

The present study examined the phonetic realization of laterals in Arabic and English produced by bilingual children. The results of the 

acoustic analysis indicate that there is a language-specific phonetic distribution and relatively acoustic accommodation when bilinguals 

code-switched tokens. The descriptive results show that Arabic and English differed in their place and degree of velarization, as evidenced 

by their lower F2, smaller F2-F1, and higher F3-F2. However, Arabic laterals showed the opposite pattern to some extent. As has been 

echoed in many studies, F2 and F2-F1 were strong predictors of darkness. Moreover, the results indicate that the bilinguals produced more 

pharyngealized English /l/s in the code position, meaning that bilinguals have a merged phonetic category prevocalic but have two separate 

acoustic properties postvocalic, as predicted by SLM (Flege, 1995) and proved by Khattab (2011). Also, this assumes that bilingual children 

have developed different articulatory strategies involving pharyngeal constriction in producing English laterals. This is evidenced in the 

statistical analysis, which shows that the F2 values and duration were significantly higher for English than for Arabic. Finally, the findings 

of this study are consistent with the existing literature, which shows that English laterals are darker than Arabic laterals. Future follow-up 

studies should involve articulatory work to quantify the degree of tongue-dorsum involvement by bilinguals in producing Arabic and 

English laterals. 
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