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Abstract 
The lexical representation of words with multiple pronuncia-
tion variants has been widely debated: while single storage ac-
counts propose that all variants of a word are represented by a 
single, canonical, representation, multiple storage accounts in-
clude representations for different pronunciation variants. Pre-
vious work has provided evidence for the representation of 
noncanonical variants, consistent with multiple storage mod-
els; however, this work has focused on highly frequent non-
canonical variants, which some single storage models propose 
can also be lexically represented. To test predictions of multi-
ple storage models more rigorously, we examined the represen-
tation of low-frequency noncanonical variants of the Persian 
uvular stop [ɢ]. Results from three experiments support the 
multiple storage model, in that they provided evidence for lex-
ical storage of low-frequency variants. Implications of these 
findings are discussed. 
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Introduction 
Canonical pronunciations are the citation forms of words 
with no segmental changes. Such forms are not always ob-
served in natural speech (see Ernestus, 2014); instead, non-
canonical or reduced word pronunciations frequently appear 
in daily conversation (Johnson, 2004). Noncanonical forms 
can arise via gradient phonetic changes (e.g., natural variation 
in voice onset time and segment duration; Sumner et al., 
2014), as well as when canonical forms undergo various pro-
cesses, such as deletion ([kæməɹə] → [kæmɹə] ‘camera’) or 
lenition ([bɛtəɹ] → [bɛɾəɹ] ‘better’). The current research fo-
cuses on the latter, when noncanonical variants differ cate-
gorically from their canonical counterparts at the segmental 
level. 

An ongoing debate relates to the representation of phonetic 
variants of the same word (e.g., Dell, 1986; Goldinger, 1998; 
Spinelli & Gros-Balthazard, 2007; Sumner & Samuel, 2009; 
Sumner, 2013; Soo & Babel, 2024). The central question is 
whether multiple pronunciation variants of the word, partic-
ularly noncanonical forms, are lexically represented. To this 
end, different models of speech representation have been de-
veloped, roughly classified into two categories: single and 
multiple storage models.  

Single storage models differ from multiple storage ac-
counts in two key assumptions. First, influenced by genera-
tive grammar (Chomsky & Halle, 1968), proponents of single 
storage models suggest that among multiple pronunciation 
forms of a given word, only the canonical variant is stored. 
That is, comprehension involves mapping various phonetic 
forms of the same word onto a single lexical representation 
(Caramazza, 1997; Connine et al., 1993; Dell, 1990; 
McClelland & Elman, 1986; Norris, 1994; Samuel & Larraza, 
2015; Stevens, 2002). Within this framework, the canonical 
word variant is represented in the lexicon with all its features 
(Connine et al., 1993). A noncanonical variant as the input, 
which differs from the canonical variant by at least one fea-
ture, less effectively activates the target word, compared to 
the canonical input (Blumstein, 2004). As such, the pro-
cessing time and activation of the intended lexical represen-
tation varies depending on the degree of mismatch between 
the input and the representation (Marslen-Wilson et al., 
1996). As the mismatch between the input and represented 
form increases, the activation level of the represented form 
decreases: the less similar an input is to the represented form, 
the slower the reaction time (Bölte & Coenen, 2002). Single 
storage models predict that the canonical variant of a word is 
processed faster than its noncanonical variants, because fea-
tures of the canonical input match those of the intended rep-
resentation. This alignment of features between the input and 
the representation leads to faster recognition.  

Another assumption of single storage models, setting them 
apart from multiple storage accounts, is that they do not con-
sider the role of occurrence (relative) frequency of a pronun-
ciation variant in its recognition. Relative or variant fre-
quency is the occurrence frequency of a phonetic variant of a 
word (e.g., [kæməɹə] ‘camera’) relative to the occurrence fre-
quency of other phonetic variants of the same word (e.g., 
[kæmɹə]). According to single storage models, differences in 
reaction time (RT) are based on the canonicity of those vari-
ants (Dufour et al., 2022; Levelt et al., 1999; Luce et al., 
2000). For instance, in the case of English schwa deletion, the 
noncanonical variant of camera (i.e., [kæmɹə]) should be rec-
ognized more slowly than an input with a retained schwa (i.e., 
[kæməɹə]). This is because the unreduced variant matches the 
represented form more than the reduced input, regardless of 
the relative frequencies of [kæməɹə] and [kæmɹə]. As such, 



the degree of mismatch between noncanonical forms and 
their canonical counterpart determines their processing time, 
and not the occurrence frequency of variants. This view im-
plies that canonical word forms have a privileged lexical sta-
tus; they are the only represented form, and thus noncanoni-
cal variants are processed based on phonetic similarities to 
their canonical counterparts, and not based on their own prop-
erties, such as occurrence frequencies (see Ranbom & Con-
nine, 2007). 

Unlike single storage systems, multiple storage models 
posit that different pronunciation variants are lexically stored 
per word. That is, besides the canonical form, their categori-
cally distinct noncanonical form(s) are also stored in the lex-
icon (e.g., McQueen et al., 2003; Pitt, 2009; Sebastián-Gallés 
et al., 2009). Such models assume that there is one represen-
tation separately stored per categorically distinct phonetic 
variant (Bürki et al., 2010). For instance, each of the two dis-
tinct pronunciation variants of the word camera (i.e., 
[kæməɹə], [kæmɹə]) is represented in the mental lexicon. Pro-
ponents of multiple storage systems posit that the frequency 
of each variant affects the processing time of that variant. 
Based on results from various experiments, proponents of 
multiple storage models (e.g., Bürki & Gaskell, 2012) posit 
that higher frequency variants elicit faster RTs, suggesting an 
inverse relationship between a variant’s frequency and its RT. 
For instance, Ranbom and Connine (2007) examined the rep-
resentation of variants of English words with two pronuncia-
tion forms, such as [kaʊnti] and [kaʊɾĩ] as canonical and 
noncanonical forms of the word county in American English. 
They conducted a rating experiment to calculate the variants’ 
relative frequencies, as well as lexical decision and priming 
experiments to measure their RTs. High-frequency variants 
resulted in faster RTs than low-frequency variants.  

Similarly, Bürki et al., (2010) tested French schwa words 
with two pronunciation variants (e.g., canonical: [ʀəkɛ]̃, 
noncanonical: [ʀkɛ]̃ requin ‘shark’). The relationship of 
variant frequency and RT, as collected from rating and 
priming experiments, revealed that higher-frequency variants 
elicited faster RTs than lower-frequency variants. Thus, var-
iant frequency affects processing time and as such, provides 
insight into their representation. They also suggested that 
each variant frequency is stored, and variants differ from one 
other in their frequency; hence, the frequency of each variant 
distinguishes itself from other variants during speech pro-
cessing (Bürki et al., 2010).  

Using rating and lexical decision experiments, Brand and 
Ernestus (2018) examined the representation of noncanonical 
variants and their frequencies. They tested whether listeners’ 
own level of exposure to each variant influenced processing 
phonetic forms of words. To do so, three groups of partici-
pants with three levels of French proficiency (i.e., native, ad-
vanced learner, beginner learner) completed a rating and lex-
ical decision experiment involving French schwa words with 
two pronunciation forms (e.g., canonical: [ʒənu], 
noncanonical: [ʒnu], genou ‘knee’). For native speakers, RTs 
and accuracy of canonical and noncanonical variants strongly 
correlated with their relative frequencies. For advanced 

learners, accuracy scores and RTs correlated with their rela-
tive frequencies; however, in the beginner French learner 
group, RTs and accuracies did not correlate with their relative 
frequencies for noncanonical variants. Brand and Ernestus 
concluded that these results indicate that different levels of 
experience with variants affect RTs and recognition of these 
forms between groups (see also Sumner & Samuel, 2009). 
Crucially, they suggested that native French speakers and ad-
vanced learners had represented the noncanonical variants 
and the frequencies of said variants—as evidenced by the cor-
relation between RT and relative frequencies; however, since 
there was no such correlation between RT and noncanonical 
variant frequency in beginner learners, there was no evidence 
that they had stored these variants and their frequencies. 
Comparing the beginner learners to the other groups, they 
concluded that their study provided evidence for the repre-
sentation of relative frequencies of phonetic variants and con-
sequently, the variants themselves in the advanced learner 
and native speaker groups.  

Taken together, these studies suggest that if a given variant 
is stored, there should be an inverse relationship between rel-
ative frequency and RTs of that variant. Obtaining such a re-
lationship for a variant can indicate that the occurrence fre-
quency of variants plays a crucial role in their recognition and 
representation—and not necessarily their canonicity.  

Goals and Motivations  
Previous studies providing evidence for multiple storage 

models use data where noncanonical variants are more fre-
quent than their canonical counterparts; for example, 
Ranbom and Connine (2007) test the representation of non-
canonical variants with nasal flaps in American English (e.g., 
[kaʊɾĩ] ‘county’) that cover around 80% of all productions 
with the /nt/ sequence (e.g., [kaʊnti] as the canonical form). 
Similarly, Bürki et al., (2010) and Brand and Ernestus (2018), 
examine the representation of noncanonical forms with de-
leted schwas in French, and Bürki and Gaskell (2012) inves-
tigate similar patterns in English; in both languages, the 
forms with deleted schwas (i.e., noncanonical) are more com-
mon than their canonical counterparts (see Fougeron et al., 
2001). Examining patterns of variation in which noncanoni-
cal variants are high-frequency can pose challenges for pre-
dictions of multiple storage models. Some proponents of sin-
gle storage accounts (e.g., Levelt, 1989) posit that while the 
mental lexicon stores only the canonical variant, it can also 
exceptionally store noncanonical forms that are considerably 
more frequent than their canonical counterparts. Thus, evi-
dence for the storage of high-frequency noncanonical forms, 
while in line with multiple storage accounts, is also consistent 
with predictions of some single storage models. Hence, test-
ing only high-frequency noncanonical variants may not dif-
ferentiate predictions of single storage models from multiple 
storage accounts, as both yield the same predictions for the 
representation of high-frequency noncanonical forms. 

A more ideal test to distinguish predictions of these two 
models, that is, specifically test predictions of multiple stor-
age models to the exclusion of single storage models, is a 



situation where noncanonical variants are less frequent than 
their canonical counterparts. Evidence for the storage of low-
frequency noncanonical variants would not be consistent 
with predictions of single storage accounts, as these models 
assume low-frequency noncanonical variants are not stored. 
Thus, evidence for the representation of low-frequency non-
canonical variants would support predictions of multiple 
storage models only. Such an outcome would indicate that, 
unlike predictions of single storage systems, a noncanonical 
variant can be lexically represented and that variant does not 
necessarily need to be high-frequency to be lexically stored.  

The goal of this study is to provide a stronger test of mul-
tiple storage models than has been carried out in previous 
work by examining the storage status of low-frequency non-
canonical variants. To address this question, the current study 
examines whether multiple phonetic forms of words with the 
uvular phoneme in Persian are stored. Previous work has 
shown that words with a uvular stop in their canonical form 
(e.g. [moɢol] ‘Mongol’) can also be pronounced with a uvu-
lar approximant ([moʁ̞ol]), but this noncanonical form is less 
frequent (Ariyaee, 2021). This pattern offers an excellent test 
for predictions of multiple storage accounts. Another contri-
bution is that it extends research on the status of variation in 
lexical storage to a lesser-studied language. Previous work on 
the topic has focused on a limited set of languages and phe-
nomena (Bürki, 2018). Increasing the breadth of tested lan-
guages and patterns is critical to ensure the broader generali-
zability of findings relevant to lexical storage models. 

To explore the representation of these noncanonical vari-
ants in Persian, via the Gorilla platform (Anwyl-Irvine et al., 
2020), we conducted three online experiments: a production, 
a rating, and a lexical decision experiment. First, a production 
study and an acceptability rating study were used to establish 
the relative frequency of the variants in different word posi-
tions (i.e., initial, medial, final). Then, a lexical decision ex-
periment tested whether RTs were influenced by the relative 
frequency of variants in different positions, as predicted by a 
multiple storage model.  

Production experiment 
To address the research question, a preliminary step was to 
examine the occurrence rates of variants of the uvular pho-
neme in different positions. One method to obtain such infor-
mation is using corpora of spontaneous speech (Bell et al., 
2009; Purse et al., 2022; Tamminga, 2019); however, the cur-
rent corpora of Spoken Persian (e.g., Mohammadi, 2019) use 
Persian orthographic symbols and do not provide phonetic 
transcriptions. The allophonic variants of the Persian uvular 

 
1 Items were also tested in a frequency rating task (Likert scale 1 

to 10) to assess their frequency relative to frequent and infrequent 
Persian words which were used to establish the floor and ceiling of 
ratings. Target item frequency rating medians (8/10) were closer to 
the rating medians of the frequent (10/10) control items than to the 
infrequent control items (1/10). In initial (8/10), medial (7/10) and 
final positions (8/10), lexical frequency medians were similar and 
close to the medians of the frequent control words.  

phoneme are not represented in Persian orthography. There-
fore, these corpora do not capture the sub-orthographic, pho-
netic variation of the uvular phoneme in Spoken Persian. 
These corpora are also text-based and do not contain audio 
files to be used for measuring variant occurrence rates. Given 
these limitations, a production experiment was conducted to 
gauge the phonetic variation of the uvular consonant, estab-
lish the relative frequencies of its variants and examine 
whether noncanonical variants have lower occurrence rates 
than their canonical counterpart.  

Methods 
Sixty-six Persian speakers (35 f, 31 m; mean age = 33 years) 
completed the study. Stimuli were presented to participants 
in Persian orthography, and speakers read aloud each word. 
In total, 36 target items contained the uvular phoneme, which 
occurred in initial, medial and final positions—with 12 words 
in each position.1 The canonical form of the uvular consonant 
is the stop [ɢ]. The uvular phoneme was always in vocalic 
environments, occurring adjacent to a vowel. Each item was 
presented twice. Stimuli presentation was randomized. 

Data annotation was done in Praat (Boersma & Weenink, 
2024). The first author, a native Persian speaker,  categorized 
the manner of the uvular consonant as either stop or 
approximant. Productions with a closure and a release were 
classified as a stop, and those with vowel-like qualities, char-
acterized by periodicity in the waveform, were classified as 
approximants. Productions with low-quality recordings or the 
inability to classify the target sound into one of the two cate-
gories were excluded (10% of all tokens).  

Results 
In total, productions with the stop allophone comprised 88% 
of the data, while those with the approximant allophone 
covered 12% of productions, indicating lower occurrence 
rates for noncanonical variants. In initial and final positions, 
canonical variants were observed in more than 97% of 
productions (Figure 1). In medial position, this category com-
prised 64% of the productions. Taken together, the results re-
veal two main patterns. First, the canonical form (i.e., [ɢ]) is 
more frequent in all positions, confirming that this is a suita-
ble case for testing the representation of low-frequency non-
canonical variants. Second, relative occurrence rate of non-
canonical variants varies by position: it is more frequent in 
medial than in initial or final position. As discussed below, 
this positional difference is critical to testing the predictions 
of storage of the noncanonical variant.2 
 

2 Productions were examined by item to identify if words with a 
lexicalized uvular phoneme were produced consistently across par-
ticipants. Variant production rates for items in each position were 
similar: in initial and final positions, approximants had a low pro-
duction rate, and no word was exclusively produced with an approx-
imant. Thus, a single item or a group of items was not responsible 
for the small number of approximant productions. Similarly, in me-
dial position, all tokens were produced with both variants: not a sin-
gle item or a group of items was produced with the approximant.  



 
 

Figure 1: Barplot of the production experiment results. Error 
bars represent 95% Confidence Interval. 

Acceptability rating experiment 
In addition to the production experiment, we conducted an 
acceptability rating task to test the relative frequencies of var-
iants. In the absence of a corpus with phonetic transcriptions, 
these two experiments served to estimate variant frequencies 
(Bölte & Coenen, 2002). Specifically, acceptability ratings of 
variants are reliable estimates for their relative frequency 
(e.g., Bermel & Knittl, 2012; Brand & Ernestus, 2018; 
Ranbom & Connine, 2007). Furthermore, Balota et al. (2001) 
showed that speakers are able to access relative frequency in-
formation about lexical entries, and their acceptability ratings 
can be used as accurate predictions of the relative frequencies 
of variants observed in corpora.   

Methods 
Seventy-one Persian speakers (42 f, 29 m, mean age = 30 
years) completed the experiment. Stimuli were auditorily pre-
sented to participants. On a Likert scale of 1 to 10, they rated 
how acceptable the pronunciation of each stimulus was and 
how likely they were to hear that pronunciation in a daily 
conversation. Stimuli consisted of 12 items in each of three 
positions (initial, medial, final), and with two variants each 
(stop/canonical and approximant/noncanonical), for a total of 
72 target stimuli. The experiment also included filler items. 
In total, 36 real words were used. Each filler had two pronun-
ciations: a natural (e.g., [mive] ‘fruit’) and an unnatural vari-
ant with an unacceptable pronunciation that is a nonce word 
(e.g., [five]). In total, there were 72 fillers in the experiment. 
Natural and unnatural fillers were included to set the ceiling 
and floor ratings, respectively and to examine the target var-
iant ratings relative to fillers. All stimuli were randomized.  

Results 
In each position, the noncanonical form was rated as less 
frequent and less acceptable than its canonical counterpart 
(Figure 2). In medial position, the difference between the two 
variants was smaller than other positions. Overall, rating me-
dians for canonical (10/10) and noncanonical variants (9/10) 
were closer to rating medians of natural fillers (10/10) than to 

unnatural fillers (1/10). Even variants with the lowest rat-
ings—word-initial (7/10) and word-final (8/10) approxi-
mants—were rated considerably higher than unnatural fillers, 
indicating these target items are perceived as real words in 
the language. 
 

 
 

Figure 2: Boxplot of rating experiment results 
 

To examine differences across conditions and positions, 
ratings were fit to a linear mixed-effects logistic regression 
(LMER) model with fixed effects Position and Condition 
(both simple-coded), and random slopes for Position and 
Variant, along with random intercepts by participant and by 
item. The statistical results reflected the patterns discussed 
above: independent of position, noncanonical variants had 
significantly lower ratings than canonical variants (β = -2.43, 
SE = 0.20, z = -12.15, p < 0.001). The difference between the 
canonical and noncanonical variants in medial position was 
significantly smaller than their difference in initial (β = -2.96, 
SE = 0.24, z = -12.33, p < 0.001) and final position (β = -2.19, 
SE = 0.22, z = -9.95, p < 0.001). 

These results are similar to the production experiment. In 
each position, the canonical variant is more acceptable, hence 
more frequent, than the noncanonical variant, with a smaller 
difference in medial position, suggesting positional effects on 
the occurrence rates of variants. As such, the results from the 
rating and the production experiment converge, confirming 
test reliability; thus, in the absence of a Spoken Persian cor-
pus, these results can proxy relative frequency and be used to 
formulate the hypotheses for the representation of multiple 
pronunciation forms. 

Recall that to find evidence for predictions of multiple stor-
age models, there should be an inverse relationship between 
occurrence frequencies and RTs of variants. Therefore, based 
on the results of the production and rating experiments, non-
canonical variants should overall and in each position elicit 
slower RTs than canonical variants—given that noncanonical 
variants overall and within each position had lower ratings 
than their canonical counterparts. The RT difference between 
these two variants should be smaller in medial position than 
in other positions, suggesting a positional effect of variants. 
Obtaining such an inverse relationship between occurrence 
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frequencies and RTs would support predictions of multiple 
storage systems. By contrast, single storage models do not 
predict positional effects; instead, RT differences between 
variants should be constant across all positions, with the ca-
nonical variant eliciting consistently faster RTs than the non-
canonical variant in each position. That is, if the canonical 
variant is the only represented form, there should be a con-
stant RT difference between variants across all positions, 
again suggesting no positional effects.  

Lexical decision experiment 
In this experiment, participants listened to the experimental 
items and decided whether they were real or nonce words via 
keyboard button press. Before presenting each stimulus, a 
fixation point (“+”) appeared in the middle of the screen for 
250 ms. Then, the audio stimulus was presented. RTs and ac-
curacy were measured from the stimulus offset. The inter-
trial interval was 1000 ms. 

Methods 
This experiment involved the same participants, stimuli and 
variants as the rating experiment where 75% of stimuli were 
real words. To avoid bias in the lexical decision task due to 
this imbalance, 72 additional nonce word fillers were added 
to equalize the proportion of real and nonce words. 

Before examining results, trial RTs greater than 10 seconds 
were removed (1% of all trials). Following Baayen (2008), 
Goodwin Davies and Embick (2020), and Taghipour and Mo-
nahan (2020), trials with RTs ±2.5 SD from each individual 
participant’s average RTs were also removed (3.3% of all tri-
als). Responses for stimuli that were judged as “nonword” 
were removed (24% of all trials). Participants considered 
35% of noncanonical and 7% of canonical variants as non-
words. Most nonword responses were for noncanonical vari-
ants with word-initial and word-final approximants. No vari-
ant or item was consistently deemed a “nonword” by partici-
pants; rather, all items received some nonword judgments, 
but with varying proportions. Participants had overall similar 
judgments patterns, and no specific participant judged all 
items as nonwords, suggesting no item- or participant-spe-
cific effects. The higher proportion of nonword judgments for 
approximants than stops could stem from their low occur-
rence rates, especially at word edges; with less exposure to 
approximants, they are more likely to be perceived as non-
words than the more frequent stops.  

Results 
In each position, the noncanonical variant had slower RTs 
than the canonical variant (Figure 3). In medial position, the 
RT difference of the two variants was smaller than their dif-
ference in other positions. RTs were fit to a LMER model. 
The primary questions were whether there was an effect of 
canonical versus noncanonical variants, and whether this ef-
fect differed across position, specifically comparing medial 
versus initial and medial versus final positions. Overall, the 
noncanonical variant had significantly slower RTs than the 
canonical variant (β = 138.54, SE = 23.18, z = 5.97, p < 

0.001). The difference between canonical and noncanonical 
variants in medial position was smaller than their difference 
in initial (β = 93.53, SE = 32.61, z = 2.86, p = 0.005) and final 
positions (β = 119.11, SE = 29.44, z = 4.04, p < 0.001). 
 

 
 

Figure 3: Boxplot of lexical decision experiment results 
 

In summary, results of production, rating and lexical deci-
sion experiments exhibited the predicted inverse relationship 
between occurrence frequencies and RTs independent of po-
sition, as well as across positions. These positional effects are 
consistent with predictions of multiple storage accounts. 

Discussion 
With the goal of investigating predictions of multiple storage 
models, we examined whether low frequency noncanonical 
forms can be represented in the lexicon. Results revealed that, 
contrary to predictions of single storage models, a noncanon-
ical variant can be stored without being overwhelmingly fre-
quent. Specifically, a low frequency noncanonical variant can 
be lexically stored, the same way a canonical variant is lexi-
cally stored. Together, the observed positional effects across 
these experiments and using low-frequency noncanonical 
variants provide robust evidence in support of the represen-
tation of such noncanonical variants and confirm the predic-
tions of multiple storage models. 

Such results have implications for models of speech per-
ception. According to single storage accounts, processing and 
recognition of noncanonical variants should take longer due 
to the mismatch between the features of the input and those 
of the canonical representation (Bölte & Coenen, 2002); sin-
gle storage model predictions suggest that when a canonical 
variant is the input, it should be processed faster because fea-
tures of the input and the represented form match, leading to 
faster recognition of the input. Therefore, in the context of 
speech processing, compared to their noncanonical counter-
parts, canonical forms have a privileged status because only 
the canonical variant is stored, and processing of all pronun-
ciation variants depends on the degree of similarity to their 
canonical counterpart. However, based on the current evi-
dence for the separate representation of noncanonical vari-
ants, it can be postulated that when a noncanonical variant is 
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the input, it is not necessarily compared to its canonical form; 
instead, the noncanonical input is directly mapped to its rep-
resentation, highlighting the storage of noncanonical variants 
in addition to their canonical counterparts. This perspective 
suggests that there is no difference between a canonical and 
a noncanonical variant during spoken word recognition; as 
such, compared to their noncanonical counterparts, canonical 
forms do not seem to have a privileged status because within 
the multiple storage framework, variants are processed based 
on their occurrence frequencies, and not their canonicity (see 
Bürki et al., 2010; cf. Ernestus & Baayen, 2007). Thus, if pro-
cessing of a noncanonical variant, like the one examined here, 
takes longer than its canonical counterpart, it is not neces-
sarily due to the feature mismatch between the noncanonical 
input and its canonical representation; rather, it may be due 
to the lower frequency of the noncanonical variant. If non-
canonical variants had higher frequencies, they would exhibit 
faster RTs than their canonical counterparts. Such a result un-
derscores the role of occurrence frequency in modulating pro-
cessing and representation of phonetic variants. 

These observations and findings also align with those of 
previous studies that examine the representation of non-
canonical variants. For instance, Brand and Ernestus (2018) 
showed that beginner learners of French had not yet repre-
sented noncanonical variants due to low occurrence rates and 
limited exposure; in contrast, advanced learners and native 
speakers represented these variants, because of their higher 
exposure and greater occurrence rates of such forms—em-
phasizing the role of occurrence rate and exposure on the rep-
resentation of noncanonical variants. Single storage models 
may encounter challenges explaining such outcomes. Ac-
cording to these models, canonicity of a variant, and not oc-
currence frequency, determines its processing time; there-
fore, within the single storage models framework, one would 
predict that beginners, advanced learners and native speakers 
should process noncanonical variants similarly; however, 
Brand and Ernestus obtained different results, showing clear 
effects of occurrence frequency on the processing time of var-
iants. These results suggest that one critical factor, if not the 
most important one, is variants relative frequency in their rep-
resentation, and not necessarily their canonicity. 

This perspective within multiple storage accounts, postu-
lating the effect of occurrence frequency of variants on their 
recognition, offers a dynamic and nuanced view of the lexi-
con with respect to variant representation compared to single 
storage models. Overall, single storage accounts presume a 
fixed and static view of lexicon due to assuming only a single 
canonical representation per word and disregarding the role 
of variant frequency (e.g., Caramazza, 1997; Connine et al., 
1993; Dell, 1990; McClelland & Elman, 1986; Norris, 1994; 
Stevens, 2002). In contrast, results from proponents of multi-
ple storage models (e.g., Bürki et al. 2010; Johnson, 2004; 
Pierrehumbert, 2001; 2002) and the findings of the present 
research imply a more dynamic perspective, as these studies 
show that noncanonical forms can also be lexically repre-
sented. This perspective can also account for the representa-
tion of noncanonical variants in the context of learning a 

foreign language, as in Brand and Ernestus (2018). Their 
study implies that, like advanced learners, with sufficient ex-
posure and occurrence frequency, beginner learners could de-
velop representations for noncanonical variants. This obser-
vation indicates that new noncanonical representations can be 
incorporated into the lexicon, suggesting a dynamic perspec-
tive on the lexicon, which can be continually updated. This 
dynamic view aligns with the assumption that lexicon is not 
a static repository but rather a flexible and evolving system 
that can adapt as speakers encounter and process multiple 
pronunciation word forms over time (see Pierrehumbert, 
2016). In this sense, the lexicon is a system in which variant 
representations are continuously shaped depending on the in-
put and usage patterns, reinforcing the importance of fre-
quency and exposure in the representation of canonical and, 
particularly, noncanonical forms in the lexicon.  

To conclude, via testing the representation of low-fre-
quency noncanonical forms, this research examined the pre-
dictions of multiple storage systems. Finding evidence for the 
separate storage of noncanonical forms confirms the predic-
tions of these models, and crucially, are not consistent with 
predictions of any proposed single storage model. These re-
sults suggests that a noncanonical variant need not be high-
frequency to be lexically represented. Additionally, extend-
ing research in the domain of lexical representations to the 
storage of Persian uvular variants expands the scope of the 
predictions of multiple storage accounts to understudied phe-
nomena and languages, emphasizing the need to explore 
lesser-known patterns to broaden the generalizability of 
speech representation models. 
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