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Abstract: Previous studies have shown that Word Frequency strongly affects spoken word recognition in various
ways. Most of these studies computed Word Frequency based on written databases for languages in which written
words closely match spoken ones. The present study investigates whether the Word Frequency effect still stands in
Arabic, a language with a diglossic situation where the formal written discourse and spoken one are far from close
correspondence. Using an Auditory Lexical Decision task, Arabic native speakers were asked to decide as quickly
and as accurately as possible whether an orally presented stimulus was a real word or a hon-word in Arabic. Results
showed that subjects were affected by Word Frequency. They decided that high frequency stimuli items are real
words faster and more accurately than low frequency ones. Implications of these findings to spoken word recognition
of diglossic Arabic are discussed.
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Introduction and literature review
Word recognition is a process that is affected by multiple interacting factors. One such robust effect that has long
been established in the literature is the word frequency (WF) effect. In other words, words that occur more frequently
in the language are recognized faster and more accurately. For example, subjects’ lexical decisions are faster when
visually presented words have high frequency (e.g. Whaley, 1978). In the visual lexical decision (LD) task subjects
are required to decide as quickly and accurately as possible if a visually presented letter string is a word or a
nonword (see Goldinger (2017) for full description).
Doing an analysis on the LD reaction times (RTs) of the 40 thousand words from the English Lexicon Project (
Balota et al., 2007), Brysbaert et al. (2011) found out that, surpassing all other variables, WF accounted for around
41% of the variance in latencies. Similarly, WF seems not only to affect LD but also spoken word production. It has
been shown that subjects name visually presented high frequency words faster than low frequency ones ( Balota &
Chumbley, 1984; Forster & Chambers, 1973).
In addition to its effects on spoken word production, other researchers have found WF effects on written word
production. Barry & Seymour (1988) for example have shown that WF affects spelling accuracy. Similarly, in
spelling- to- dictation tasks, it has been shown that participants typically initiate the spelling of high frequency words
faster than those of low frequency ones ( Bonin, Fayol, & Chalard, 2001; Bonin, Fayol, & Gombert, 1998).
Despite the fact that much less research has been conducted to investigate WF effects on spoken word recognition,
this research has shown that these effects are equally robust as those in visual word recognition. For example,
Grosjean (1980) used the gating paradigm to investigate the effect of WF on spoken word recognition. In this
paradigm, subjects get repeated presentations of a spoken stimulus with the duration of presentation time increasing
at each successive pass. After each pass, the subject has to guess the stimulus being presented and to provide a
confidence rating of each guess. (See Grosjean (1980) for full description). Grosjean (1980, p. 268) used the isolation
point “acoustic-phonetic information needed from the onset of the word to the point at which it is isolated from other
words” as a measure of the effect of frequency. What he found out was that high frequency words needed less
sensory input and therefore were isolated faster than low frequency ones (see also Tyler (1984) for similar results
using the same task).
Similarly, Taft & Hambly (Taft & Hambly, 1986) investigated the effect of WF on spoken word recognition.
However, unlike Grosjean (1980) and Tyler (1984) who used the gating task, Taft & Hambly (Taft & Hambly, 1986)
used the auditory (LD) task. They reasoned that in the case of the gating task, not being an online task, any observed
effects of WF cannot be attributed directly to word recognition as such but perhaps to mere frequency biases in the
guessing of the words. Their study will be discussed in more detail here as it is closely related to the current study.
In their experiment 4, Taft & Hambly (Taft & Hambly, 1986) used the frequency norms of Carroll, Davies &
Richman (1971). The stimuli items were arranged in 24 pairs where each pair had a low frequency word and a high
frequency one. Both words in each pair started with the same few phonemes and had the same uniqueness point (i.e.
the phoneme at which the word becomes the only possible word candidate (e.g. /k/ in difficult /difikalt/). 20 pairs of
nonword items were also used. Both nonwords in each pair were of the same length of the word items. Also, both
nonwords deviated from real words at the same point (i.e. phoneme). The procedure followed a typical auditory LD
task procedure. That is, their subjects (N= 15) listened to the randomly ordered stimuli (i.e. words and nonwords)
separated by a two-second delay and they had to judge whether the item is a real word or not as quickly and
accurately as possible by pressing a “yes” or a “no” button. RTs and error rate were recorded for analysis.
Taft & Hambly (Taft & Hambly, 1986) found out that RTs were significantly shorter and error rates were
significantly lower for high frequency words than for low frequency ones. These results were taken as evidence that
WF aided the recognition of spoken words. (See also Meunier & Segui (1999) for similar results in French).
How does repeated exposure to a particular word make it more quickly and/or accurately recognizable? Models of
spoken word recognition (see Weber & Scharenborg (2012) for a review) posit that words compete for recognition in
lexical access. Moreover, most of these models include the WF effect as a crucial part of the word recognition
process. The Cohort Model (Marslen-Wilson & Welsh, 1978), for example, posits that a word is recognized at its
“recognition point”. The more phonemes are perceived, the more competing candidate words are reduced
successively. Taft & Hambly (Taft & Hambly, 1986) provide the word “crocodile” as an example. When /krpka/ is
perceived the word “crocodile” will still be competing with words that share the same phoneme string such as
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“crockery”. However, once /krpkad/ is perceived the word “crocodile” will be recognized because it is the only
remaining word in the cohort of possible word candidates. The more developed version of the Cohort Model
(Marslen-Wilson, 1987) accounts for the frequency effects by suggesting that candidate words have resting
activation values. High frequency words have higher values than low frequency ones and therefore can reach the
threshold of recognition faster.

It is evident from the previous review that the effect of WF on different aspects of word recognition is very well
established in the literature. However, all of the studies on WF discussed above and many others have dealt with first
languages (e.g. English (Taft & Hambly, 1986), Dutch (Ghyselinck, Lewis, & Brysbaert, 2004) and French (Meunier
& Segui, 1999).

Findings from studies on second language (L2) indicate that WF effects are stronger in the L2 than in first language
(L1). These include studies investigating visual word production (e.g. Van Wijnendaele & Brysbaert, 2002) and
visual word recognition (Duyck, Vanderelst, Desmet, & Hartsuiker, 2008; Gollan et al., 2011). For example, Van
Wijnendaele & Brysbaert (2002) compared the performance of Dutch-French and French- Dutch bilinguals in
naming words in their L1 and L2. Both groups showed generally slower naming times in the L2. However, both
groups showed stronger WF effects in the L2 than in the L1. Similarly, Duyck et al. (2008) used a visual lexical
decision task, in which written words were presented, to compare WF effects in the L1 and L2 in Dutch-English
bilinguals. What they found out was that WF effect in the L2, as shown in RTs and error rate, was about twice as
large as that in the L1.

These studies show that although WF effect is clearly evident in both L1 and L2, it is stronger in L2. However, all
these did not investigate a language that has a diglossic situation (see Ferguson (1959) for a discussion of diglossia)
where the standard variety of the language is radically different from the spoken one. Studying frequency effect on
spoken word recognition in a language that has this diglossic situation will shed light on the interaction of these two
varieties in the native speaker’s mind.

One such language is Arabic. Arabic native speakers use two varieties; Modern Standard Arabic (MSA) and
colloquial Arabic. MSA is mainly used for written and formal spoken communications. Arabic-speaking children
start to be fully exposed to MSA when they start primary school where teaching is mainly in MSA. Before joining
school, however, they typically get relatively repeated exposure to MSA watching animation programs or hearing
TV and radio news broadcasts. Despite this pre-school exposure, some researchers argue that MSA is learned as a
second language (e.g. Ayari, 1996). A colloquial variety, on the other hand, is the regional dialect spoken at home
and used for everyday informal spoken communication and is acquired as a first language.

The interaction between the two varieties in the native speaker’s mind has recently started to draw the interest of
researchers (Boudelaa & Marslen-Wilson, 2013; Ibrahim & Aharon-Peretz, 2005). Given this diglossic nature of
Arabic language, the current study endeavors to investigate the question of whether Arabic native speakers are
sensitive to WF in MSA and if this sensitivity is manifested in spoken word recognition of MSA words. The
magnitude of WF effects in spoken word recognition of MSA will shed light on the status of MSA in the native
Arabic speaker’s mind. Is MSA processed by native Arabic speakers as a second language or as effectively as a first
language?
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The experiment

Method

An auditory LD task was used in the current experiment to explore the effect of WF on Arabic language spoken
word recognition. In the auditory LD task, subjects listen to a stimulus item and their task is to judge as quickly and
as accurately as possible if the item is a real word in the target language or a nonsense word (non-word). This task is
particularly suited for the current investigation. Firstly, it has been shown to be a good measure of the effect of
different variables on lexical processing ( Balota, Cortese, Sergent-Marshall, Spieler, & Yap, 2004). Secondly and
more importantly, it has been shown that LD RTs are quite sensitive to WF both in visual word recognition (e.g.
Balota et al., 2004) and spoken word recognition (Taft & Hambly, 1986).

Participants

Twenty-four native Arabic speakers, all students at a university in the united states, took part voluntarily in the
experiment. All participants were born and studied elementary/secondary school in their home countries (in Arabic).
Most of them had different Arabic dialects as their first language. Their mean age was 27 years old.

Materials

The first step in selecting the stimuli was to choose a large Arabic language corpus that includes a frequency of
occurrence wordlist. Ar ten ten (Arts, Belinkov, Habash, Kilgarriff, & Suchomel, 2014), an Arabic corpus that
contains 5.8 billion words was selected. Not only is it large, providing reliable frequency counts, but it is also quite
recent. Importantly, a subset of Ar ten ten containing 115 million words was processed with MADA (Habash,
Rambow, & Roth, 2009). MADA is an Arabic language-processing tool that uses a morphological analyzer for MSA
that works at disambiguating undiacritized MSA words in context by reaching a preferred analysis. This is quite
important for disambiguating Arabic homographs when diacritics for short vowels and gemination are not used. The
MADA processed 115-million-word subset was loaded to a corpus manager called The Sketch Engine (Kilgarriff,
Rychly, Smrz, & Tugwell, 2004)

A frequency wordlist containing 100000 words was purchased from Sketch Engine (https://www.
sketchengine.co.uk/). The words in the frequency wordlist were analyzed in fully vowelized Buckwalter
transliteration (Buckwalter, 2002).

The stimuli consisted of 48 MSA words varying in frequency. These 48 words were divided into two groups. Half of
the words (24 items) are high frequency words (mean frequency = 136) and the other half are low frequency ones
(mean frequency = 2.7). The frequency counts reported here are given per-million calculated on the 115-million-
word subset corpus.

Both groups of 24 words were matched on word class and number of phonemes and syllables. In addition, they were
all nouns and had five phonemes and two syllables and the form /CVCVC/. Moreover, in order to be able to
confidently attribute any significant differences in RTs or error rates in the current LD task to frequency effects, all
words were controlled on a number of variables that have been shown to affect spoken word recognition. The
variables computed include acoustic duration (i.e. duration of the word stimulus sound recording in millisecond)!,
neighborhood density “the number of known words that sound similar to a given word” (Han, Storkel, Lee, &
Yoshinaga-Itano, 2014, p. 243)2, Phonotactic Probability "the frequency with which phonological segments and
sequences of phonological segments occur in words in a given language" (Vitevitch & Luce, 2005, p. 193) 3, and
uniqueness point (i.e. the phoneme at which the word becomes the only possible word candidate (e.g. phoneme
number five /d/ in /maya:d’/ (throe). Table 1 shows the means and standard deviations for all aforementioned
variables.

" The duration of the initial silence was fixed to 50ms in all stimuli files.

2 This is computed by counting the number of words in the database that differ from the target word by only one
phoneme addition, deletion or substitution. | am thankful to Prof. Michael Vitevitch for computing Neighborhood
Density for my stimuli items.

3 Phonotactic probability was computed using (Aljasser & Vitevitch, 2018) phonotactic probability calculator for
Arabic language.
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Table 1 Means and standard deviations of frequency, duration, Neighborhood Density, positional and biophone
phonotactic probability and uniqueness point for high vs. low frequency stimuli words

Mean Mean Mean Mean Mean
Mean duration of . Positional biophone .
o Neighborhood . . Uniqueness
frequency sound file in . phonotactic phonotactic -
(SD) ms D(egg')ty probability | probability ?glt?)t
(SD) (SD) (SD)
High 136 ?781819) (i';) 1.525633 1.037613 4.8
Frequency (150) ' ' (0.224011) (0.0191) (1.1)
words (N=24)
Low 2.7 611.3 1.51195
1.9 1.035592 4.6
Frequency (1.2) (54.36324) (0.234666)
words (N= 24) (1.81579) (0.022699) (0.71)

Analysis of Variance (ANOVA) showed that WF for high frequency words was significantly greater than for low
frequency words p < 0.0001. However, the analysis showed that all the other lexical characteristics for high vs. low
frequency words were not significantly different p > 0.05 showing that all these variables were very well-controlled.
A group of 48 nonwords were also created by replacing one phoneme from each of the 48 real words. This method
ensured that the created nonwords closely resemble real words in phonological structure.

The stimuli items were spoken in isolation and recorded by a male native Arabic speaker in an anechoic chamber
using a high-quality microphone on to digital-audio-tape at a sampling rate of 44.1 kHz. The recordings were then
saved as digital 16- bit files on a computer disk.

Procedure

An iMac computer running PsyScope (Cohen, MacWhinney, Flatt, & Provost, 1993) was used for the experiment
presentation and data collection. PsyScope is “an integrated environment for designing and running psychology
experiments on Macintosh computers” (Cohen et al., 1993, p. 257). Participants were tested individually and one at a
time. Each participant was seated in a computer booth equipped with a PsyScope button box and a set of
Beyerdynamic DT-100 headphones. Prior to running the experiment, the instructions appeared on the computer
screen in Arabic. Participants were instructed that they will listen to stimuli items and that their task is to judge
which ones are real Arabic words and which ones are pseudowords by pressing the relevant colored button on the
button box as quickly and as accurately as possible. All participants’ inquiries were answered prior to the start of the
experiment.

Each trial started with the Arabic word =i ”’READY” appearing in the center of the computer screen for 500 ms to
indicate the beginning of the trial. Prior to the experimental trials, each participant received 10 practice trials. These
trials were used to familiarize the participants with the task and were not included in the final data analysis. The
participants were then presented with one of the randomly selected stimuli at a comfortable listening level over the
headphones. The left button on the response box was for nonword selection and the right button (i.e., that for the
dominant hands of the participants as all were right-handed) was for word selection. The same color of the two
buttons on the button box flashed on the screen after each response with the (word vs non-word) labels in Arabic
4alS| 4WlS el ““ to remind subjects what the relevant button is. The participants responded as quickly and accurately
as possible by pushing the appropriately labeled button. After each response 1500 ms elapsed before the next token
was played. RT was measured from the onset of the stimulus file to the onset of the response.
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Results
RTs for correct responses measured from the stimulus onset and error rates for the real words were collected. An
error was counted when the subject clicked “non-word”for a real word. Table 2 shows means and STDs of RTs in
milliseconds and % error rates for High frequency vs. Low frequency words.

Table 2 Means and STDs of subjects’ (N=24) RTs in milliseconds and % error rates for High frequency vs. Low
frequency words

Mean RT in ms Mean % Error Rate
Frequency type (STD) (STD)
0,
High Frequency words ?8022) %22:?2/;
1059 10.85%
Low Frequency words (94) (8.48)

T tests on RTs were carried out and revealed that high frequency words were responded to significantly faster than
low frequency ones p < 0.0001. Moreover, T test carried out on error rate showed that high frequency words were
responded to significantly more accurately than low frequency ones p < 0.0001.

Discussion
The current study set out to investigate whether WF measured using a written corpus can affect spoken word
recognition in Arabic. Recall that Arabic has a diglossic situation (Ferguson, 1959) where two different varieties are
used. MSA is used for written and formal spoken communications. Colloquial Arabic on the other hand is used for
all other informal communications. The current WF counts used were purely based on MSA. That is, the MADA
processed 115-million-word subset used in the current study targets only words used in MSA contexts.
The results of the present study are clear. Native Arabic speakers’ spoken word recognition was affected by WF in
MSA. This WF effect has manifested itself very clearly and strongly in the online task used (i.e. the LD task). High
frequency words were perceived faster and more accurately than low frequency ones.
This sensitivity to WF in MSA cannot be simply attributed to matched frequency counts between MSA and the
colloquial variety. Our subjects were from different geographical areas and therefore spoke different vernaculars.
Ferguson (1959) observed that although most of the vocabulary of the standard variety and the vernacular are shared,
they vary in form and differ in use and meaning. In other cases, the standard and the vernacular have paired
vocabulary items for shared concepts(Ferguson, 1959, p. 334) This again rules out the possibility that our subjects’
sensitivity to WF in MSA is a mere sensitivity to matched frequency values for the same words in their vernaculars.
Similarly, the current findings cannot be attributed to other factors that can potentially confound the results. In the
current study, all factors that have been shown to affect spoken word recognition were well-controlled. These
included acoustic duration, phonotactic probability, neighborhood density, and isolation point.
A more plausible explanation for the current findings is that when orally presented MSA is processed as effectively
as the dialect (i.e. the first language). Recall that the difference between high frequency words and low frequency
ones in mean latencies (RTs) is 157 ms. This is comparable to the difference in means by native English speakers
found in Taft & Hambly’s (Taft & Hambly, 1986) study discussed earlier. In their study they found that native
English speakers were on average 174 ms faster when accepting high frequency words. Not only does the difference
between RTs for high vs. low frequency words closely resemble native-like performance but also the overall RT is
similar to that produced by other native speakers of other languages. In Meunier & Segui’s (1999) study, native
French speakers RTs for high frequency words were 925 ms and RTs for low frequency words were 1018 ms which
closely resembles the pattern in the current findings (902 ms and 1059 ms, respectively). This provides further
evidence that MSA is processed as effectively as a native language.
Moreover, this is in line with the findings of Boudelaa & Marslen-Wilson (2013). In their study they set out to
investigate whether roots and word pattern play a different role in the processing of MSA and the spoken dialect
(Southern Tunisian Arabic (STA)). Using auditory priming experiments on subjects who spoke STA as a first
language they found out that, in the two varieties, subjects RTs and Error rates were comparable in terms of relying
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on roots and word patterns as the main linguistic units of processing. They relied on this result to argue that
describing MSA simply as a “second language” for native Arabic speakers may not be an accurate description. They
maintained that the fact that the age at which MSA is acquired is typically within the critical period (before puberty)
and this qualifies MSA to be processed in a native-like manner.

The current findings lend support to this claim using one of the most established effects in spoken word recognition
(i.e. WF effect). Obviously, our subjects showed native-like processing capacity of MSA. The sociolinguistic context
in which MSA is acquired characterized by early childhood exposure and continuous exposure later in life may be
the leading cause of this native-like performance in spoken word recognition.

Conclusion
The current study has provided evidence that native Arabic speakers show native-like sensitivity to WF when
recognizing spoken words in MSA. However, an important question remains for further research. Does this native-
like processing of spoken words in MSA also transfer to spoken word production? Or does the latter entail a different
mechanism that prevents native Arabic speakers from behaving native-like in spoken word production of MSA,
given that they perform their daily life communications using the spoken dialect?
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Appendix
High frequency words HF words transcription Low frequency words LF words transcription

e $YTAN eIt $igAq

s dWlah G dydan
alle EAlam ENS EujAb
e Ea*Ab e EatAd
ALas fasAd sl A firA?

e gAyah e giyAr

e giyAb elie gi$A?
s hadaf S hawas
[IPEN jamAl <ol s juzAf

O makAn ol maxAD
Jsm)) rasul e madin
s salAm $laa SadAq
5 pa SUrah gl siyAj

I ges su?Al Jam sijAl
gl pa SirAE sl nusuUb
ok silAH Jlas SUEAI

GO tArlx a5 tWTId
il Tagah G s tWhlIx
2 5l tWHId ) zaxam
Ok waTan zsls wulUj
s xallj ala XinAg
EHIEN xilAf BIEN XATir
ToA xurUj 8l 58 nawAh
Uas xaTa? BEN xawar
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8 polal dy Al 8 ke OBl B39 ey o Al I ST

o de o fead D

il dnalg dasilly Ll V) Gl ponds delod] Slen Y

Gl e 5l Jo ailr Glay s Jp ol @ AdS pas o 1SS OF L) Sl il @bl iEendl s
o 2SSl L il ol 23550 bl deld e slazeVl Slahll) ods wlans s ddly 8obil) 2 e
CRVCIC PSSP WS I AU PR O A O SR R R TC R P A B WRT/IRCIRRC A NS (RN
lopdz OF dal) 2l pib W) e b AU Ayl b 28 ghailly S il JISCaT o cpilize (lSCad gl plasie)
Pl Luld @ glly ouiladl) el ) 2l 3 Rdds pé of Bk 20dSTLgad padll UL OISTI3) L By A6y
b e Rl (3 RS 1SS s il a0 S 3y Ao OF I e IV e el 83y ke gsml ey
oyl 28y IS Al Sl sl e 3 8Ty gl S ks SllST SIS 88T SLISTI OF i)

Al A 3 SLISI e Gl Y Legd e il s paliae

ol [ g 4l [ e [ 2SS B ) SldST)



