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Introduction 

Bilingual speakers display many differences in the production of their second language 

(L2) when compared to their first language (L1), such as utterance rate (Baker, Baese-Berke, 

Bonnasse-Gahot, Kim, Van Engen, & Bradlow, 2011; Baese-Berk & Morrill, 2015; Lee & 

Sidtis, 2017). For example, Guion, Flege, Liu, and Yeni-Komshian (2000) reported that a 

bilingual speaker’s L2 is spoken at a slower rate than their L1, and that the difference between 

the two will reduce as the speaker becomes more proficient in L2. The difference in speaking 

rates is shown to occur even for less demanding speaking tasks such as repeating phrases 

(Trofimovich & Baker, 2006). In addition, Baese-Berk and Morrill (2015) reported that their 

participants exhibited greater talking rate variability across utterances when reading in their L2. 

Thus, differing tasks may result in differing rate patterns across languages in bilingual speakers.  

Utterance rates are assessed by a variety of measurements that include elapsed time to 

complete a set task, words per second and syllables per second as well as speaking rate and 

articulation rate (Georgiou, Ghazyani, & Parrila, 2018; Tsao & Weismer, 1997). Speaking rate is 

obtained by measuring the amount of time to complete an utterance divided by the number of 

words or syllables. Articulation rate is measured by the amount of time to complete an utterance 

with any pauses deducted from that time divided by the number of words or syllables (Tsao & 

Weismer, 1997). 

Past research has investigated the various methods of measuring utterance rate by using 

rapid automatized naming (RAN) rate to predict reading fluency (Georgiou, Parrila, & Kirby, 

2006; Neuhaus, Foorman, Francis, & Carlson, 2001). RAN tasks include the ability to name 

visual stimuli consisting of digits, colors, letters, or objects as quickly and as accurately as 
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possible (Georgiou, Parrila, & Liao, 2008). Researchers have used these tasks to predict reading 

fluency across all languages, with mostly children as participants. Variation in RAN has been 

attributed to variation in pause time in young children, and variation in RAN shifts from pause 

time to articulation time in older children (Georgiou, et al., 2006; Neuhaus et al., 2001). 

Georgiou and colleagues (2014) accredit this shift to age related increases in automatically 

accessing and retrieving of a name from long-term memory; a change accompanied by a 

significant decrease in the number of identifiable pauses. It seems that sub-processes involved in 

reading fluency, such as visual processing, phonological processing, and their coordination, 

evolve as the child ages from requiring pause time in younger children to become part of 

articulation time (Georgiou, et al., 2018). 

Georgiou, Aro, Laio, & Parrila (2015) found that articulation time and pause time 

accounted for almost half of the predictive value of RAN in reading fluency in alphabetic 

orthographies, which is in line with past research stating that the RAN-reading relationship in 

interceded by the speed of processing during various stages of reading development (Bowey, 

McGuigan, and Ruschena, 2005). During the early stages of reading development, correlations 

between articulation time and pause time are not significant. However, shorter and fewer pauses 

results in a greater overlap in articulation and pause time. In addition, pause time can be used to 

explain more variance than articulation time in Color Naming, but articulation time can explain 

more variance in pause time in the Digit Naming task. These findings imply that RAN 

automaticity is acquired earlier in alphabetic orthographies. Past studies have found that pause 

time may not play a crucial role when assessing the RAN-reading relationship, and tell us that 

pause time or any of its sub-processes should not be involved in RAN (Georgiou, Parrila, & 

Liao, (2005).  
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It is apparent that RAN tasks can reveal differences between the L1 and L2 of bilingual 

speakers. Although there are many previous studies (Caravolas, Vólin, & Hulme, 2005; de Jong 

& van der Leij, 1999) that support using RAN to predict reading fluency, it has been argued that 

the RAN tasks may differ between orthographically consistent and orthographically inconsistent 

languages because of different processing speeds (Georgiou et al., 2008). English-speaking 

children have a much harder time mastering reading and spelling than other children who acquire 

reading in orthographically consistent languages because of the many inconsistencies of the 

English orthography (Seymour et al., 2003). For example, the English language contains 26 

letters and uses 44 different phonemes that can spelled by a total of 1,120 graphemes (Coulmas, 

2003). In addition, Georgiou and colleagues (2008) noted that pause time accounted for nearly 

half of the variances in reading predicted by RAN. Past studies have found that pause time may 

not play a crucial role when assessing the RAN-reading relationship, and tell us that pause time 

or any of its sub-processes should not be involved in RAN (Georgiou, Parrila, & Liao, (2005). 

Among adults, Georgiou and colleagues (2018) found that using syllables per second was a more 

important factor than eliminating pauses for measuring talking speed during a RAN task that can 

be used to predict reading skills. 

The purpose of this study was to measure utterance rate differences in the productions of 

a group of bilingual speakers whose L1 was Arabic and L2 was English. These measures were 

taken during a set of tasks that included two RAN tasks, digit naming and object naming. Based 

on previously published studies, it was hypothesized that the L2 productions would be marked 

by slower utterance rates. The research had a single group design using a group of bilingual 

native speakers of Arabic who are also fluent in English.  
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Another objective of the study was to determine the relative effectiveness of speaking 

and articulation rates as a measure of naming speed for predicting reading outcomes. Based on 

Georgiou et al.’s (2008; 2014; 2018) findings, it was hypothesized that the articulation rate 

would be the most effective measure to use in calculating naming speed. This issue is 

particularly important when comparing utterances across language groups. For example, for the 

numbers one through ten: in Arabic, the digit names typically have two syllables and can have 

three, whereas in English the digit names typically have one syllable and can have two. Since the 

articulation rate in syllables per second accounts for the cross-language differences in syllables 

per digit name, it was hypothesized that it would be the most effective measure of utterance rate. 

Methods 

Method 

The procedures for the study were approved by a university institutional review board for 

the protection of human subjects.  

Participants 

The participants were 8 Arabic-speaking young adults, aged 25-33 years. They were 

graduate students, their friends, and their adult family members. All were native speakers of 

Arabic who have been living in the USA for at least eight months and regularly use English in 

their work or education setting.  

Procedures  

The participants were detected during the tasks using a Countryman E-6 condenser 

microphone connected to a ProSonus Audiobox USB 96 pre-amp, digitized to a computer at a 

rate of 44,000 samples per second, and recorded using Praat acoustic software (version 6.0.25). 
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The microphone was positioned at the corner of the mouth at a 5-cm mouth-to-microphone 

distance.   

Each participant completed a series of tasks including digit and object naming from the 

Comprehensive Test of Phonological Processing (Wagner, Torgesen, & Rashotte, 1999). These 

tasks were part of a larger set of tasks completed by the participants. The Arabic tasks were 

completed first to increase the participants’ comfort with the task. For the digit and object 

naming tasks, the participants were shown a matrix of 36 items (nine items per row, four rows) 

and asked to name them as quickly as possible without making mistakes.  

The total naming time for each measure was the time elapsed from the initial sound of the 

first word of the task to the final sound of the final word of the task. The elapsed time for each 

task was used for determining the speaking and articulation rates. For the speaking and 

articulation rates, the number of filled pauses, repeated syllables, and repeated words were 

determined in order to more accurately calculate these measures. The number of words in the 

task was divided by this time to determine the speaking rate in words per second and the number 

of syllables in the task was divided by this time to determine the speaking rate in syllables per 

second. Next, all pauses that were 200 ms or longer were removed from the total time in order to 

calculate the articulation rate (Tsao & Weismer, 1997) for words per second and syllables per 

second.  

Results 

 

 Object Naming Digit Naming Reading Passage 

 Arabic English Arabic English Arabic English 

Speaking rate 

(words/second) 

 

1.250 

0.326 

1.433 

0.470 

2.460 

0.615 

2.357 

0.492 

1.169 

0.600 

2.004 

0.848 

Articulation rate 

(words/second) 

 

2.037 

0.417 

2.209 

0.427 

2.714 

0.536 

3.462 

1.137 

1.487 

0.770 

2.793 

0.839 
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Speaking rate 

(syllables/second) 

 

 

2.326 

0.607 

1.672 

0.548 

6.151 

1.539 

2.750 

0.574 

2.494 

1.279 

2.208 

0.934 

Articulation rate 

(syllables/second) 

3.596 

0.750 

2.448 

0.472 

6.751 

1.356 

3.966 

1.183 

3.128 

1.653 

3.163 

0.875 

 

Figure 1. The means and standard deviations (italicized) for speaking rates measured in words 

per second and syllables per second, and articulation rates measured in words per second and 

syllables per second.  

 

Utterance Durations 

 Figure 2 shows the elapsed times for the three naming tasks in Arabic and English. The 

data shows that the amount of time taken to complete the digit naming task was shorter than the 

amount of time taken to complete the object naming task. For digit naming, the times ranged 

from 10.7 to 21.2 seconds in the Arabic productions, and 8.2 to 20.7 seconds in the English 

productions. For object naming the times ranged from 18.8 to 28.4 seconds in Arabic and from 

16.0 to 32.1 seconds in English. These results indicate that the participant used similar amounts 

of time in both languages for each task consisting of 36 named items.  

 
Figure 2. The elapsed time to complete the digit and object naming tasks in Arabic and English. 
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 Differences in each individual’s elapsed time per utterance in Arabic and English ranged 

from -1.365 to 3.231 seconds for the digit task and -1.563 to 12.356 seconds for the object task. 

The average difference between the languages was 1.2 seconds for the digit task and 2.2 seconds 

for the objects task. Negative numbers indicate that participants spoke at a faster rate in the 

English utterances than the Arabic ones. Results further display some of the participants 

completed the naming tasks more quickly in English, three for the digits and for the objects.  

Rapid Digit Naming Speaking and Articulation Rates  

 Figure 3 displays the data points for the speaking rate in words per second and syllables 

per second for each participant in Arabic and English from the rapid digit naming task. The data 

in this figure shows that speaker’s speaking rates for this task in words per second were similar 

across both languages for most of the participants. The Arabic productions ranged from 1.74 to 

3.36 words per second and the English productions ranged from 1.73 to 4.39 words per second. 

However, a difference was found in the speaking rates in syllables per second between the two 

languages. Since the Arabic digits have longer names than the English ones, there were 90 

syllables for the Arabic productions and 42 syllables for the English ones. Thus, the speaking 

rates in syllables per second were faster in Arabic (4.25 to 8.41) than in English (2.03 to 5.13). A 

similarity remained between the English syllables per second rates to the words per second rates.  
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Figure 3. Arabic and English speaking rates in words per second and syllables per second for the 

digit naming task by each participant 

 

 After removing the pauses from the digit naming task data to determine the articulation 

rates (shown in Figures 3 and 4) the results displayed minimal changes. For words per second, 

the Arabic articulation rates ranged from 1.88 to 3.24 words per second and the English ones 

ranged from 1.97 to 4.39 words per second. In addition, articulation rate productions in syllables 

per second were found to be similar to the speaking rate ones in both Arabic (4.70 to 8.11) and 

English (2.30 to 5.13). 
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Figure 4. Arabic and English articulation rates in words per second and syllables per second for 

the digit naming task by each participant 

 

Rapid Object Naming Speaking and Articulation Rates 

 

 Figure 5 depicts the data points for articulation and speaking rates measured in words per 

second from the rapid object naming task for each participant in Arabic and English. Object 

naming was spoken in similar rates across both languages, with English (0.92 to 2.25) showing 

slightly faster rates than Arabic (0.84 to 1.64). Results for the object naming task were found to 

be similar to the digit naming task with syllables per second showing to be faster in Arabic than 

in English. There were 67 syllables in the Arabic objects task compared to 42 syllables in 

English objects task with numbers ranging from 1.56 to 3.05 syllables per second in Arabic and 

1.08 to 2.62 syllables per second in English.  
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Figure 5. Arabic and English speaking rates in words per second and syllables per second for the 

object naming task. 

 

 After removing all pauses to determine articulation rate and comparing figures 5 and 6, 

the data showed an increase in across both languages for words per second. Arabic productions 

ranged from 1,59 to 2.62 words per second and the English productions ranged from 1.78 to 2.77 

words per second. Articulation rates were greater for the syllables per second which was similar 

to speaking rates. Arabic articulation rates ranged from 2.90 to 5.92 syllables per second, while 

English productions ranged from 1.57 to 2.90 syllables per second.  
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Figure 6. Arabic and English articulation rates in words per second and syllables per second for 

the object naming task.  

 

Paragraph Reading 

 

Figure 7. Arabic and English speaking rate data in words per second and syllables per second for 

the reading passage 

 

Figure 7 shows the descriptive statistics for speaking rate in words and syllables for the 

reading task in both Arabic and English. Participants spoke faster in Arabic rates for words per 

second. The Arabic productions ranged from 0.72 to 2.09 words per second and the English 
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productions ranged from 1.18 to 3.61 words per second. Similar rates were spoke across all 

languages for syllables per second. Pauses were removed and results revealed that Arabic 

reading (1.54 to 4.46 syllables per second) showed greater changes than reading in English (1.31 

to 3.98 syllables per second).  

 

Figure 8 displays the descriptive statistics for articulation rate in Arabic and English 

measured in syllables and words per second for the paragraph reading task. Participants spoke 

faster in English words per second than in Arabic, with Arabic ranging from 0.91 to 2.69 words 

per second and English ranging from 1.94 to 4.30 words per second. In contrast, participants 

spoke more quickly in Arabic (1.91 to 5.80) when measured in syllables per second than in 

English (2.36 to 4.74).  

 

 

Figure 8. Arabic and English articulation rate data in words per second and syllables per 

second for the for the reading passage 

Discussion 

The purpose of this study was to evaluate the timing of naming tasks spoken by Arabic 

and English-speaking bilinguals. The speech sources included two naming speed tasks from the 
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CTOPP, an assessment that evaluates the likelihood of reading issues. The objectives included 

determining cross language differences in speech timing and frequency, and the relative 

effectiveness of speaking rate and articulation rate for measuring speech timing in the two 

languages. It was hypothesized that the participants’ utterance rates would be slower in their L2. 

It was also hypothesized that the articulation rate would better represent the talking speed 

differences between the Arabic and English productions of these speakers. 

Since the patterns in the data of the male and female participants were similar, the data 

were combined for all analyses. This finding is consistent with Tsao and Weismer’s (1997) 

finding that speaking rate is mostly affected by the neuromuscular constraints of the individual, 

not whether the individual is male or female.  

Utterance Durations in Arabic and English 

In the digit naming task of this study, utterance durations were similar in Arabic and 

English (See Figure 2). The durations of the two were similar to but longer than those previously 

reported for adults (Wagner, et al., 2013). Wagner and colleagues (2013) stated that their young 

adults took an average of 11.2 seconds to complete the digit naming task with a standard 

deviation of 2 seconds. The digit naming time of five participants for Arabic and three 

participants for English occurred within this range. Two participants had elapsed times that were 

distinguishably longer than others. For all of the participants the average difference between 

languages was 1.2 seconds.  

 Figure 2 depicted that similar amounts of time were used to complete the naming tasks in 

Arabic and English for all of the participants. Specifically, five of the participants completed the 

object naming task faster in English, but two of the participants required more than 10 additional 

seconds to complete the task in English. The average time needed to complete the object naming 
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task differed between the two languages by 2.2 seconds. Consequently, the hypothesis stating 

that the bilinguals would speak faster in Arabic was not supported by the utterance duration data. 

However, the second purpose of the study involved various measures of utterance rate that 

revealed differences between the tasks and the languages.  

Speaking and Articulation Rates for the Naming tasks  

Speaking rate in words did not reveal any differences between the Arabic and English 

utterances for both the object and digit naming tasks. However, the production of the digit 

naming was about twice the speaking rate as the object naming. This difference between the 

naming tasks is consistent with the finding by Georgiou and colleagues (2018) that digits have a 

small set of possible choices and a single name correlate, in contrast to objects that have a wide 

set of possible changes and may have more than one name. Thus, a greater amount of time is 

required for the cognitive effort to complete the lexical retrieval of the objects (Poulsen & Elbro, 

2013; van den Bos, Zijlstra, & Spelberg, 2002). Given these differences, the digit naming task is 

more likely to provide reading fluency information on adult bilingual speakers (Georgiou et al., 

2018). A longitudinal cross-linguistic study has shown that RAN can be used to predict reading 

in five alphabetic orthographies whose consistencies differ (Landerl, Freudenthaler, Heene, De 

Jong, Desrochers, Manolitsis, Parrila, & Georgiou, 2018). Past studies reflect that RAN tasks 

have a stronger relationship in measuring reading fluency than reading accuracy (Bowers, 1995; 

Georgiou, Parrila, & Liao, 2008; Savage & Frederickson, 2005), and RAN Letters and Digits 

more strongly relate to reading than RAN Colors and Objects (Georgiou, Parrila, Kirby, & 

Stephenson, 2008; Georgiou, Parrila, & Papadopoulos, 2008; Wolf, Bally, & Morris, 

1986).Therefore, the combination of tasks used in this study can provide independent 

information on the language and reading skills of bilingual speakers. 
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The object naming task closely matches the processing required to speak because it 

includes lexical retrieval (Georgiou et al., 2018; Poulsen & Elbro, 2013; van den Bos et al., 

2002), which makes it differ from the digit naming task. Therefore, utterance rates for object 

naming can be compared to data available for speaking rate. Lexical retrieval is defined as a 

cognitive effort that affected the time required to complete the object naming and the utterance 

speeds for words per second. This finding is consistent with the cognitive control needed by 

bilinguals to suppress the lexicon of the other language (Bialystok, Craik, & Luk, 2008).  Tsao 

and Weismer (1997) reported that slower speakers had speaking rates between 2.23 to 3.72 

syllables per second and articulation rates between 2.73 and 4.55 syllables per second. Whereas 

their faster speakers had speaking rates between 3.06 and 5.05 syllables per second and 

articulation rates between 3.40 and 5.82 syllables per second. The participants in the present 

study had object naming speaking rates in Arabic that were at the low end of the range for slower 

speakers, but articulation rates within the ranges for both slower and faster speakers.  

When the speaking and articulation rates in words per second were used to measure 

utterance rate, similar results occurred in both languages. However, participants spoke faster in 

Arabic when their utterance rate was measured in syllables per second.  As shown in Figures 3 

through 6, the speaking rates more than doubled for both tasks. This finding is not surprising 

since the Arabic digit and object names are two to three syllables long and the English digit and 

object names are one to two syllables long. There were nearly twice as many syllables in Arabic 

for the digits and only 1.6 times the syllables for the objects. The increase in utterance rates was 

greater for the digit naming task. The need for lexical retrieval during object naming that was 

described above would be a factor reducing the naming speed for this task (Bialystok et al., 

2008). This finding indicates a difference in utterance rates between these speakers L1, Arabic, 
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and their L2, English, when the rate is measured in syllables per second. This finding supports 

our first hypothesis that the speakers would speak faster in their L1. 

A comparison of the speaking rates and articulation rates in syllables per second for the 

digit naming task showed little difference between the two methods for measuring utterance rate. 

This finding relates to the lack of pauses during the digit naming task. In contrast, the articulation 

rate in syllables per second for the object naming task was distinctly faster than the speaking rate 

for this task. The participants inserted a greater number of pauses in the object naming task than 

in the digit naming task. These pauses are likely related to the increased need lexical retrieval for 

this task (Bialystok et al., 2008). This finding indicates that the speaking rate in syllables per 

second can be used to measure L1-L2 differences in the naming speeds of bilingual speakers. 

The articulation rate in syllables per second can provide additional information when there is 

also lexical retrieval. Thus, our second hypothesis is partially supported. The speaking rate in 

syllables per second appears to be more effective for assessing any L1-L2 differences in the 

naming speeds of bilingual speakers. It was hypothesized that articulation rate in syllables per 

second would be more effective, but the extra step of removing the pause time from the 

utterances is not needed. 

Speaking and Articulation Rate for Paragraph Reading 

The paragraph reading task showed results worth noting. Data from speaking rate showed 

that participants spoke faster in Arabic rates for words per second, and similar rates were spoken 

across all languages for syllables per second, which was expected since there were 98 words in 

the English reading passage compared to 100 words in the Arabic reading passage. However, 

articulation rate revealed that participants spoke faster in English words per second than in 

Arabic, and participants spoke more quickly in Arabic when measured in syllables per second 
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than in English. These results were surprising because the reading task consisted of 209 syllables 

in the Arabic passage and 108 syllables in the English passage. The current data indicates the 

need to measure the data using syllables per second rather than duration as a measurement for 

utterance rate in the Arabic language. This data is in line with Tsao and Weismer, (1997) in the 

fact that speaking rate shows to be a good measurement to group individuals into slow and fast 

speaker categories. Therefore, it may indicate that slow and fast talkers may have motor limits 

that differ from one another which cause them to produce different rapid outputs as well. In 

comparison to Tsao and Weismer, (1997) slow and fast groups, only two of our participants fell 

into the category of fast for speaking and articulation rate measured in syllables per second.  

Limitations and Future Implications  

 

Several limitations of the present study are important to mention. First, some participants 

spoke in different dialects of Arabic and came from differing educational backgrounds which 

could make it difficult to draw broad conclusions on Arabic speakers as a whole. This limited 

our findings to the specific dialects and educational system that the participants were drawn 

from. Also, our sample size was small and contained only young adults. Future studies should 

continue with a larger sample size, and use bilingual Arabic and English speakers of various age 

ranges in order for the results to be more generalizable. Another limitation of our study was the 

gender of the experimenter for each male and female participant. Cultural sensitivity dictates that 

the experimenters be the same gender as the participant. Future studies should take into 

consideration cultural sensitivities of each participant in order to make them feel comfortable in 

order to obtain the most accurate results. The results of this study can be used to support future 

research on Arabic and English bilingualism, focusing on phonological awareness tasks as well 

as the RAN-reading relationship. Future studies could also replicate the current one, but recruit 
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younger children as participants rather than adults to compare the findings. Our findings can also 

be used in future studies of bilingualism in other language with similar orthographic structures as 

Arabic. 
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