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ABSTRACT

It has been suggested that the duration ratio between
Italian consonants and preconsonantal vowels (C/pre-
V ratio) is a potentially good candidate for automatic
classification of Italian singleton vs. geminate
consonants produced by native speakers. The optimal
Clpre-V ratio threshold value for discriminating
between these two categories of consonants is about
1. This triggers the question of whether this threshold
also applies to the classification of non-native
productions of Italian consonant length contrast. To
answer this question, in this study we classified
Italian singleton vs. geminate consonants produced
by Chinese speakers and native Italian speakers using
two approaches, namely (a) relying on native
listeners’ perceptual identification and (b) using the
above threshold. A comparison of the classification
results shows significant differences between the two
approaches, suggesting that, for both native and non-
native productions, using the C/pre-V ratio threshold
value of 1 cannot always accurately classify Italian
singleton vs. geminate consonants.

Keywords: Consonant length, singleton, geminate,
Italian, Chinese.

1. INTRODUCTION

Italian consonants (i.e., /b, d, g, p, t, k, tf, d3, f, v, s,
m, n, |, r/) can contrast in phonemic length. Some
examples are pena ‘penalty’ vs. penna ‘pen’, papa
‘pope’ vs. pappa ‘mush’, etc. Previous investigations
on the status of Italian consonant length contrast [1]-
[3] show that (i) Italian geminate consonants are
longer than their singleton counterparts, and (ii)
Italian pre-geminate vowels are shorter than the
corresponding pre-singleton ones because of an
anticipatory durational compensation. Take the
minimal pair of pena vs. penna as an example: the “nn”
in penna is longer than the “n” in pena, and the “e” in
penna is shorter than the “e” in pena.

However, what noted above seems to hold only
within a given speech rate. This is because Italian
consonant length is found to vary with speaking rates,
and a singleton consonant produced at a slow
speaking rate may be as long as a corresponding
geminate produced at a fast speech rate [4]. Therefore,
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consonant duration may not be a suitable criterion for
the classification of Italian singleton vs. geminate
consonants across speech rates. By contrast,
according to [4], the duration ratio between Italian
consonants and preconsonantal vowels (i.e., C/pre-V
ratio) may serve as a better candidate for the
classification of Italian consonant length contrast
across speech rates. This was confirmed by [1], [2],
who showed that the optimal C/pre-V ratio threshold
value for discriminating between Italian singleton and
geminate consonants is about 1. Specifically, if the
Clpre-V ratio is greater than 1, a geminate consonant
will be detected; otherwise, it will be a singleton.

This triggers an interesting question. That is, could
the C/pre-V ratio threshold value of 1 that is optimal
for discriminating between Italian singleton and
geminate consonants produced by native Italian
speakers also apply to non-native productions?

This question is raised for two reasons. First,
according to the cue-weighting theory, in determining
the perceptual identity of a sound, some acoustic
dimensions play a greater role than others [5]. In our
case, the C/pre-V ratio works better than the absolute
consonant duration in classifying native Italian
speakers’ singleton vs. geminate consonants. Thus, it
is reasonable to speculate that Italian listeners, in
perceptually identifying native productions of Italian
consonant length contrast, may pay more attention to
the duration interplay between Italian consonants and
preconsonantal vowels than to the absolute consonant
duration. However, we do not know whether Italian
listeners also apply this cue-weighting strategy to
their perception of non-native productions of Italian
consonant length contrast. Moreover, as shown in
previous studies [6]-[12], Italian singleton and
geminate consonants produced by non-native
speakers often differ from those produced by native
Italian speakers. Therefore, it seems interesting to
examine whether the ratio threshold above is also
valid for the classification of non-native productions
of Italian consonant length contrast.

Second, empirical studies on L2 speech
acquisition often rely on the perception of native
speakers to assess non-native productions. For
example, to know whether an Italian consonant
produced by a non-native speaker is a singleton or
geminate, the most reliable way is to find out how
native Italian speakers identify it perceptually.
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However, the recruitment of native speakers and the
development of perceptual identification tasks can be
rather effortful and time-consuming. Thus, if using
the above threshold could represent an alternative,
more economic approach for easily and accurately
classifying Italian singleton vs. geminate consonants
produced by non-native speakers, future research
might become less burdensome. For this reason, we
wanted to test whether the above threshold can be
considered valid for the classification of non-native
productions of Italian consonant length contrast.

In this study, we will use both native Italian
speakers’ perceptual identification and the above-
mentioned C/pre-V ratio threshold to classify the
production of Italian singleton vs. geminate
consonants by Chinese speakers and native Italian
speakers. Through a comparison of the classification
results of these two approaches, we aim to assess
whether the C/pre-V ratio threshold value of 1 can be
used to accurately classify non-native (as well as
native) productions of Italian consonant length
contrast.

2. METHOD

Three perceptual identification tasks were developed
using the ExperimentMFC 7 in Praat [13]. The tokens
to be identified in these tasks were as described in [6].
In short, they were 5 Italian minimal pairs contrasting
in consonant length produced by 30 Chinese speakers
and 10 native ltalian speakers, both in isolation and in
carrier sentences. In total, 1600 tokens were elicited
(40 tokens X 40 speakers = 1600).

2.1. Listeners

Three native Italian-speaking undergraduates (one
23-year-old female and two 24-year-old males) were
recruited as listeners. They were from the Veneto
region in the North-East of Italy, the Abruzzo region
in central Italy, and the Puglia region in the South of
Italy, respectively. The reason for recruiting listeners
from three different regions in Italy was to minimize
the dialectal influence on the perceptual identification
tasks.

2.2. Stimuli

We divided the above 1600 tokens into 3 parts. Each
part served as the stimuli for one identification task.
Table 1 shows the stimulus composition of each task.
As the table shows, each task consisted in the
identification of a set of tokens produced by 12
Chinese speakers and 4 Italian speakers; 12 of them
were different across the three tasks and the
remaining 4 (in bold) were identical. So, each task
had 640 stimuli (40 tokens X 16 speakers = 640), 480
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of which (40 tokens X 12 speakers = 480) were
different across tasks and the remaining 160 (40
tokens X 4 speakers = 160) were identical.

Task Stimuli: tokens produced by
CS-01, CS-02, CS-03, CS-04, CS-05,
1 CS-06, CS-07, CS-08, CS-09, CsS-28,
CS-29, CS-30, 1S-01, 1S-02, 1S-03, 1S-10

CS-10, CS-11, CS-12, CS-13, CS-14,
2 CS-15, CS-16, CS-17, CS-18, CS-28,
CS-29, CS-30, 1S-04, 1S-05, 1S-06, 1S-10

CS-19, CS-29, CS-21, CS-22, CS-23,
3 CS-24, CS-25, CS-26, CS-27, CS-28,
CS-29, CS-30, 1S-07, 1S-08, 1S-09, 1S-10

Table 1: Stimulus composition of the identification
tasks (CS=Chinese speaker, I1S=Italian speaker).

At a perceptual examination, 43 tokens were
found to contain a conspicuous misreading of the
target words (e.g., papa ‘pope’ misread as papa
‘father’) and therefore were discarded. Thus, rather
than 640 the actual number of stimuli in Task 1, 2,
and 3 was 624, 622, and 625 respectively; and the
actual number of identical stimuli in the three tasks
was 157 (rather than 160).

2.3. Procedure

The listeners were randomly assigned to one of the
three identification tasks. They completed the tasks
with headphones on in front of a computer in the
Language and Communication Lab at the University
of Padova in ltaly.

Each task consisted of two parts. In the first part,
the tokens produced in isolation were presented in
random order. Two words (i.e., a minimal pair) were
shown on the computer screen as options, along with
an “oops” button. The listeners were asked to click on
the option that corresponded to the word heard. If
they accidentally clicked on the undesired option,
they could go back to the word heard previously by
clicking on the “oops” button. Each word appeared
only once and could be listened to up to three times
when it appeared. After every 30 words there was a
break.

The second part was structured similarly to the
first one, except that the stimuli were produced in
carrier sentences. The listeners’ task was to determine
which of the two options on the computer screen
appeared in the sentences heard.

The tasks were self-paced, and each lasted about
25 minutes. At the end of the tasks, the listeners’
responses that contained target geminate consonants
(e.g., penna, pappa) were extracted as “geminate”,
and those containing target singletons (e.g., pena,
papa) were extracted as “singleton”.
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2.4. Data preparation

In the first place, we had to determine the responses
to the 157 stimuli that were identical across the three
identification tasks. This is because all three listeners
had identified them, and thus we had three different
sets of responses to the stimuli. When the listeners’
responses were divergent, the determination was
made following the “majority rule”. For example, if a
stimulus was classified as “singleton” by two listeners
and as “geminate” by one listener, the response would
be counted as “singleton”. In total, 35 stimuli required
the application of the “majority rule”. Afterwards, we
merged the listeners’ responses to the 157 stimuli
with their responses to the other stimuli. In this way,
we obtained the first set of classification results,
which was based on the native Italian listeners’
perceptual identification.

Secondly, we measured the durations of the target
consonants and preconsonantal vowels in each token.
Based on the duration values, we calculated the
Clpre-V ratios for all tokens. The C/pre-V ratios of 27
tokens could not be calculated because the target
consonants and/or preconsonantal vowels were
unmeasurable. The tokens with a C/pre-V ratio
smaller than or equal to 1 were classified as
“singleton”, and those with a C/pre-V ratio greater
than 1 were classified as “geminate”. In this way, we
obtained the second set of classification results,
which was based on the tokens’ C/pre-V ratios.

2.5. Analyses

We first calculated the interrater reliability using the
irr package 0.84.1 [14] in R 3.6.3 [15] based on the
three listeners’ responses to the 157 stimuli that were
identical across the three identification tasks.

Then, we calculated the overlap rate between the
two sets of classification results. By overlap we refer
to the cases in which the two approaches classified
one token in the same way. For example, if a token
was classified as “geminate” by both approaches,
there was an overlap between the two sets of
classification results.

Afterwards, we calculated the Chinese speakers’

and native Italian speakers’ production accuracy rates.

Specifically, if the speakers’ target consonants were
produced as intended (e.g., a “pena” was classified as
“singleton”), they would be noted as correct.
Otherwise (e.g., a “pena” was classified as
“geminate”), they would be noted as incorrect.
Finally, we applied a generalized linear mixed-
effects model (GLMM) with a binomial link function
to the classification results (i.e., singleton vs.
geminate) using the Ime4 package 1.1.26 [16] in R
3.6.3 [15]. The GLMM had Approach (two levels:
relying on native Italian listeners’ identification [“by
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identification” for short] vs. using the C/pre-V ratio
threshold [“by ratio” for short]), Group (two levels:
native vs. non-native), Consonant type (two levels:
singleton vs. geminate), and the interaction between
them as fixed factors, and Subject and Item as random
intercepts. The main effects of the fixed factors were
assessed with the Type Il Wald chi-squared tests
using the car package 3.0.10 [17]. Post-hoc pairwise
comparisons with FDR (false discovery rate)
correction were implemented using the emmeans
package 1.5.3 [18].

3. RESULTS

The interrater reliability was moderately high (Fleiss
k =0.7), indicating that though the three native Italian
listeners were from different regions of Italy, they
generally agreed with each other in identifying Italian
singleton/geminate consonant contrast perceptually.
Thus, the first set of classification results obtained on
the basis of the native listeners’ perceptual
identification is reliable.

The overlap rate between the two sets of
classification results reached 89.65% and 77.07% for
the tokens produced by the native Italian speakers and
the Chinese speakers, respectively. This indicates that
there was more agreement between the two
approaches in classifying native productions than in
classifying non-native ones.

The Chinese speakers’ and native Italian speakers’
production accuracy rates for Italian singleton and
geminate consonants are shown in Table 2. As can be
seen, the production accuracy rates calculated by the
two classification approaches reveal some common
tendencies. That is, the Chinese speakers had lower
production accuracy for either Italian singleton or
geminate consonants as compared to the native Italian
speakers; and the Chinese speakers’ production
accuracy was higher for Italian singleton consonants
than for geminates. However, it should also be noted
that the accuracy rates calculated by the two
classification approaches are not exactly the same.
Specifically, the accuracy rates calculated on the
basis of the Italian listeners’ identification were
almost always higher than those calculated on the
basis of the C/pre-V ratio threshold.

By identification By ratio
Non-  Singleton 66.67% 71.50%
native Geminate 46.63% 38.51%
Native Singl_eton 95.48% 88.94%
Geminate 96.00% 89.50%

Table 2. Chinese speakers’ (non-native group) and
Italian speakers’ (native group) production accuracy
rates for Italian singleton and geminate consonants
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Table 3 shows the results of the GLMM applied to
the classification results of the native and non-native
productions of Italian consonant length contrast. As
can be seen, the GLMM yielded a significant main
effect on the interaction between Approach, Group
and Consonant type. Since we were particularly
interested in whether there were any differences
between the two classification approaches, we
conducted post-hoc pairwise comparisons. The
results, in Table 4, show that in the classification of
native and non-native productions of both Italian
singleton and geminate consonants, the two
approaches performed significantly differently.

Fixed effects 1 df p
Approach (A) 13.63 1 0.0002*
Group (G) 3.85 1 0.0498*
Consonant type (C)  6.10 1 0.0135*
AXG 1.23 1 0.2669
AXC 1.45 1 0.2288
GXC 23258 1 <.0001*
AXGXC 8.97 1 0.0027*

Table 3: Results of the GLMM applied to the
classification results of the native and non-native
productions of Italian consonant length contrast.

By identification vs. By ratio
Est. SE z p
Non- Singleton 0.37 0.15 253 0.0115*
native Geminate 0.41 0.14 294 0.0032*
Singleton -091 0.42 -217 0.0303*
Geminate 1.06 044 239 0.0171*

Table 4: Results of the post-hoc pairwise
comparisons of the two classification approaches.

Native

4. DISCUSSION AND CONCLUSIONS

In this study, we classified native and non-native
productions of Italian consonant length contrast using
two approaches, namely (a) relying on native
listeners’ perceptual identification and (b) using the
consonant to preconsonantal vowel duration ratio
(Clpre-V ratio) threshold (i.e., 1). The results are as
follows.

Regarding native productions, there was a large
degree of overlap between the classification results
obtained with the two approaches, suggesting that the
Clpre-V ratio does serve as an important acoustic cue
in Ttalian listeners’ perceptual categorization of
Italian consonant length contrast. Nonetheless, the
differences between the two approaches were
significant, indicating that the (b) approach cannot
always accurately classify Italian consonant length
contrast produced by native Italian speakers. This is
in line with [1], [2], who showed that when the C/pre-
V ratio threshold value of 1 is applied to the
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classification of native Italian speakers’ singleton Vs.
geminate consonants, certain error rates exist. We
argue that this may be because the C/pre-V ratio is an
important but not the only acoustic cue that could
determine the perceptual identification of Italian
consonant length category. In some cases, other
acoustic cues (e.g., absolute consonant duration) may
determine the perceived category membership.

As for the classification of non-native productions,
the differences between the two approaches were also
significant. Moreover, the differences were more
evident than in the classification of native productions.
This suggests that for Italian listeners the C/pre-V
ratio plays a less important role in their perceptual
identification of non-native productions than in their
perceptual identification of native ones. We argue
that this is because the Chinese speakers’ productions
of Italian consonant length contrast differed greatly
from the native Italian speakers’. Specifically, the
Chinese speakers completely ignored the duration
interplay  between Italian  consonants and
preconsonantal vowels in production [6]. Maybe for
this reason, native Italian listeners are forced to rely
more on other acoustic cues (e.g., absolute consonant
duration) in perceptually classifying non-native
productions than in perceptually categorizing native
ones. In other words, Italian listeners apply somewhat
different cue-weighting strategies to their perception
of non-native productions of Italian consonant length
contrast.

To conclude, for both native and non-native
productions, using the C/pre-V ratio threshold cannot
always accurately classify Italian singleton vs.
geminate consonants. Therefore, for future research
aiming to classify Italian consonant length contrast
produced by non-native speakers, this approach
cannot replace native speakers’ perceptual
identification. However, this study only classified
Italian singleton vs. geminate consonants produced
by Chinese speakers. To consolidate the present
conclusions, future studies including non-native
productions by speakers of other languages are
needed.
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