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ABSTRACT
Discriminating between certain non-native contrasts
can be difficult. The Perceptual Assimilation Model
[1] predicts that when two non-native phones are
assimilated to the same native language category, as
equally good or poor versions, discrimination should
be poor (a single-category assimilation). However, it
is not known to what extent visual and/or clearly
articulated speech might assist cross-language
speech perception. Monolingual Australian English
listeners discriminated two single-category Sindhi
consonant contrasts (/ʈ/-/t̪ /, /b/-/ɓ/), across auditoryonly (AO) and auditory-visual (AV) conditions, in
clear and citation speech. For /b/-/ɓ/ (a laryngeal
feature difference), AV contrasts were discriminated
more accurately than AO contrasts in citation
speech, but not in clear speech, while for /ʈ/-/t̪ / (a
place-of-articulation difference) there was AV
benefit for clear, but not for citation speech. These
results highlight that while perceivers attempt to
utilize even subtle gestural differences, speaking
style and modality differentially contribute to the
success of discriminating across non-native
contrasts.
Keywords: speaking style, modality, cross-language
speech perception, discrimination.
1. INTRODUCTION
The Perceptual Assimilation Model (PAM) [1]
addresses the relative ease or difficulty of
discriminating non-native speech contrasts by
monolingual listeners. Although support for PAM has
developed from auditory-only (AO) research, its
discrimination predictions apply equally to auditoryvisual (AV) speech, as according to PAM the
perceiver directly perceives articulatory gestures,
rather than solely the acoustic signal. According to
PAM, discrimination accuracy is dependent on the
way in which pairs of non-native phones are
assimilated to native language categories. For
example, when both non-native phones in a contrast
are assimilated to two different native categories (a
two-category
assimilation),
discrimination
is
predicted to be excellent. Alternatively, two nonnative phones may be assimilated to the same native

language category. If there is a perceived goodnessof-fit difference, where one phone is perceived as a
better exemplar of the native language category than
the other (a category-goodness assimilation), then
discrimination is predicted to range from good to very
good. But, if there is no reported goodness-of-fit
difference, then discrimination is predicted to be poor
(a single-category assimilation). Non-native listeners
find it difficult to discriminate single-category
contrasts because they have learned to tune out those
phonetic differences in their native language.
In many cases where native speech segments are
difficult to discriminate in AO conditions, they may
be easier to distinguish visually [4, 13, 15]. Gaining a
perceptual advantage with the addition of visual
speech to audio speech is known as AV benefit, and it
is useful in adverse listening conditions, such as in
foreign language listening, when the listener has
imperfect phonological knowledge of the L2 [8, 12].
For example, in a study investigating the most
effective L2 training method for Japanese and Korean
learners of English, AV benefit was found not only in
the identification post-test of the perceptually difficult
non-native contrast /r/-/l/, but pre-test results also
revealed higher identification scores for the AV
condition, as opposed to the AO condition [10]. This
result demonstrates that even before perceptual
training, the addition of visual speech can be
beneficial.
The degree of visual information available, as well
as speaking style used, has been shown to aid the
perception of non-native speech. [11] examined the
ability of L2 learners to make use of visual
information that differed in degree of visual
informativeness, as a function of consonant place of
articulation /p/, /b/ and /v/ (labial/labiodental
consonants) and manner of articulation /r/ and /l/. It
was found that non-native participants had more AV
benefit when identifying contrasts that differed in the
more visually salient place of articulation differences
than the less visually salient differences between the
two liquid consonants. Similarly, speaking more
clearly assists listeners’ comprehension in difficult
communicative situations (e.g., [7]). This type of
speaking style has been labeled clear speech, and is
generally characterized as a slow, exaggerated style
of production [3, 16]. The current study compared

discrimination performance across clear and citation
speech, which is speech that is used in experimental
settings, and is not inherently naturalistic, nor for the
purposes of the listener (e.g., [5, 14]). This
comparison of clear and citation speech, across
stimuli with a varying degree of available visual
information, will allow an assessment of the
generalizability of previous cross-language speech
perception theories, such as PAM [1], which have
focused on testing AO citation speech, and it will also
extend what is known about clear speech in crosslanguage research to the auditory-visual domain.
Although it may be said that clear speech
enhances perception, and the addition of visual
speech enhances perception, the combined effect that
AV speech and speaking style have on the
discrimination of difficult non-native contrasts is
largely unknown. Given that the predicted
discrimination accuracy of two-category and
category-goodness contrasts is too high for the
present goal, as it ranges from good to excellent, and
the factors discussed thus far should be most
beneficial in ‘difficult’ listening conditions, this paper
will focus on single-category contrasts. Therefore, the
aim of the current study is to examine the relative
discrimination performance of single-category
contrasts, across clear and citation speaking styles, in
both AO and AV conditions. Sindhi has been chosen
as the target stimulus language because it has a large
number of contrasting phones not found in English
that only differ on POA or a less visually distinct
laryngeal difference. It is predicted that there will be a
significant interaction between modality and feature
difference, such that AV speech should be
discriminated more accurately than AO speech, but
only when the contrast varies by POA, and is
therefore visually distinct. Moreover, speaking style
should significantly interact with feature difference
and modality, such that this AV advantage should be
more pronounced under clear speech conditions.
2. METHOD
2.1. Participants

Twenty monolingual native Australian English
(AusE) speakers (12 females, 8 males, Mage = 21.4,
age range = 18-38 years) were recruited from the first
year psychology pool at the University of Western
Sydney, in return for course credit.
2.2. Stimuli!
!

AV speech recordings were conducted in a sound
dampened booth at the MARCS Institute, University
of Western Sydney. The selected speaker was a native
Sindhi 35-year-old female, from Radhan, Pakistan.
The full set of Sindhi consonants was produced in

/Ca/ nonsense syllables, in citation and clear speaking
styles. Each utterance was recorded in front of a black
back-drop with a two-point lighting arrangement
(Studio-Lite Photon Beard, Highlight 110), with
diffusion paper, via a Sony-HXR HD camera
(NX30p) at 50fps (1280 x 720), and a RØDE shotgun
microphone (NTG-3; 44.1 kHz sampling rate via a
MOTU ultra lite MK3 sound card) was positioned
approximately 30 cm away from the speaker’s mouth.
To ensure there were no substantial head positioning
differences between utterances, a concealed nonrestrictive headrest was used.
To elicit citation speech the speaker was instructed
to read the syllable that appeared on a computer
screen. However, for the clear-speech trials, the
speaker was provided with the additional instruction
to “say each syllable clearly as if you were
communicating with someone who had difficulty
understanding what you were saying” [7]. Therefore,
the speaking style productions differed in that for
citation speech, the speaker was simply reading aloud,
whereas for clear speech, the speaker was provided
the knowledge that their speech was to assist a
listener’s intelligibility. To prepare the stimuli, the
audio recording was high-pass filtered (70 Hz), and
the onset, offset and duration of each utterance was
determined using Praat [2]. Based on these acoustic
measurements, the command-line tool FFmpeg [6]
was used to extract the video-only segments. All
videos began with the speaker’s mouth in a closed,
neutral position, and the vowel portion of each token
was truncated to 75 ms, in order to reduce the
possibility of discrimination judgements based on
differences in acoustic vowel information [9, 17]. In
some cases, the truncated duration of the vowel was
lengthened (<10 ms) to ensure that the video
counterpart of a token was not segmented in the
middle of a frame, and a cosine off-ramp was applied
to the last 5 ms, to prevent auditory clipping. All
audio and corresponding video segments were
synchronised using Adobe Premiere Pro, and a
window was manually positioned over each video
stimulus, such that only the speaker’s mouth and
throat were visible.
2.2.1 Stimulus Selection
The final tokens were selected from among those that
a native Sindhi speaker correctly identified 100% of
the time. PAM [1] assimilation types were then
determined by means of an AO citation categorization
task, in which 35 monolingual AusE listeners
categorized all Sindhi AO citation stimuli to AusE
phonological categories. Only citation AO tokens
were presented in order to select stimuli based on
typical PAM [1] testing conditions. This means that

any differences in discrimination across conditions
may be relative to the predictably low AO
performance. Two single-category contrasts were
selected: the /ʈ/-/t̪ / contrast that only differs by a POA
constriction, and the /b/-/ɓ/ contrast, which differs on
a less visible laryngeal difference. The laryngeal
voiced bilabial stop /b/ and implosive bilabial stop /ɓ/
contrast was consistently categorized as English ‘b’
98% and 96% of the time, respectively, while the
POA voiceless retroflex stop /ʈ/ and the voiceless
dental stop /t̪ / were both consistently categorized as
English ‘d’ 76%, and 87% of the time, respectively.
For both contrasts, there were no significant
differences between goodness-of-fit ratings. The
participants were also presented with two twocategory contrasts, /f/-/v/ and /ɓ/-/ᶑ/, and two
category-goodness contrasts; /t̪ /-/d̪ / and /d̪ /-/ɖ/, but in
the interests of brevity we will focus here on the
results for the single-category contrasts only.
2.3. Procedure

Each participant completed two 1.5 hr testing sessions
on the same day. All contrasts were presented in four
counterbalanced AXB discrimination conditions; AO
citation, AO clear, AV citation and AV clear. On each
trial of an AXB discrimination task, participants were
presented with three stimulus tokens, separated by a
1-s inter-stimulus interval. They were asked to
indicate whether the consonant of the second token
(X) matched that of the first (A) or third (B), by
pressing ‘1’ or ‘3’ on the computer keyboard. Once a
response had been registered for a trial, the following
trial began after 1s. If a response had not been
registered within 3.5s, the trial was repeated at
random.

Each contrast was presented in separate blocks of 48
trials, presented in random order. There were four
possible trial types (i.e., AAB, BAA, BBA, ABB),
presented 12 times each. To avoid acoustically based
discrimination judgments, the consonants that
belonged to the same phonological category were
physically different tokens.
3. RESULTS
A 2 (Modality: AV, AO) x 2 (Speaking Style: clear,
citation) x 2 (Feature Difference: POA, laryngeal)
within-subjects analysis of variance (ANOVA) was
conducted on the mean percent correct discrimination
scores. There was a main effect of speaking style,
F(1, 19) = 39.37, p < .001, ηp2 = .67, with clear speech
(M = 73%) discriminated more accurately than
citation (M = 61%), a main effect of modality, F(1,
19) = 72.44, p < .001, ηp2 = .83, with AV contrasts (M
= 73%) discriminated more accurately than AO (M =
61%), and a main effect of feature difference, F(1,
19) = 92.46, p < .001, ηp2 = .79, with the contrast that
differed by a laryngeal feature (M = 78%)
discriminated more accurately than the POA contrast
(M = 57%). A significant 2-way interaction was
found between speaking style and feature difference,
F(1, 19) = 13.61, p = .002, ηp2 = .02, as well as
between feature difference and modality, F(1, 19) =
15.25, p = .001, ηp2 = .45. Finally, as can be seen in
Figure 1, simple effects analyses with a Bonferroni
correction revealed differences within a significant 3way interaction between feature difference, speaking
style and modality, F(1, 19) = 53.67, p < .001, ηp2 =
.74.

Figure 1: Percent correct discrimination results across auditory-only (AO) and auditory-visual (AV) conditions, in clear
and citation speech for contrasts with a place-of-articulation versus laryngeal feature difference. An asterisk indicates a
statistically significant difference between group means (p < .05), and error bars represent standard error of the mean.

For the POA contrast, AV speech only assists
discrimination when the participant is presented with
clear speech, F(1, 19) = 46.55, p < .001, ηp2 = .71, but
not citation speech, F(1, 19) = 3.50, p = .08. For the
laryngeal contrast, the reverse was found, where the
addition of visual speech only assisted discrimination
performance when presented in citation conditions,
F(1, 19) = 29.78, p < .001, ηp2 = .61, and for this same
contrast, AO discrimination improved under clear
speech conditions, in comparison to AO citation
speech conditions, F(1, 19) = 30.34, p < .001, ηp2 = .62,
but there was no additional benefit of AV presentation.
In fact, the discrimination of clear speech was more
accurate for AO than AV presentation, F(1, 19) = 6.81,
p = .02, ηp2 = .26.
4. DISCUSSION
The aim of this study was to examine whether AV
speech and clear speech improve discrimination for
difficult non-native contrasts that vary in the amount
of available visual information. As predicted, the
addition of visual speech was most beneficial for the
POA contrast in clear speech. Articulation of /ʈ/-/t̪ / in
clear speech appears to have provided additional
information that perceivers can make use of in the
visual, but not the auditory modality.
Interestingly, there was no AV benefit for the
POA contrast in the citation condition, and an AV
benefit was found for the laryngeal contrast in citation
speech, which should provide the least amount of
visual information. This may be explained by
examining the visual information available in the two
speaking styles.
Figure 2: Visual representation of laryngeal /b/-/ɓ/
contrast, across citation and clear speech.

Although /b/-/ɓ/ is characterized by a laryngeal feature
difference, there also appears to be a difference
between the degree of lip compression in citation
speech for /b/ versus /ɓ/, which is most pronounced in
the citation speaking style (see Figure 2).
These results therefore suggest that perceivers will
take advantage of all sources of information available.
Examined for the first time within AV cross-language
conditions, clear speech differentially contributes to
the likelihood of successfully discriminating nonnative contrasts. The speaker’s efforts to enhance the
/b/-/ɓ/ distinction in clear speech, which improved
AO discrimination for non-native perceivers, appears
to have reduced the visual distinctiveness and
prevented any AV benefit. Therefore, clear speech
may not always visually enhance contrasting phonetic
information.
As previously stated, PAM [1] predicts that singlecategory contrasts should be discriminated poorly,
however the current study has shown that this is not
necessarily the case when participants are presented
with visual and clearly articulated non-native speech.
To determine whether the PAM predictions are
upheld across modalities, future PAM-oriented
research may shed light on the above-average singlecategory discrimination. In this experiment we
selected stimuli based on AO citation assimilation
patterns, however examining the assimilation of AV
and clear speech may demonstrate a shift in
assimilation type, due to the addition of
supplementary gestural information. For instance, in
AV clear speech conditions, participants may detect a
goodness-of-fit difference between the phones in the
POA /ʈ/-/t̪/ contrast, such that the assimilation type
shifts to a category-goodness assimilation, thus
explaining the good to very good discrimination
patterns observed in this study.
Overall, the present study confirms that visual
speech can enhance the perception of difficult nonnative speech contrasts, however, discrimination
performance is modulated by the contrast and speaking
style presented. Additionally, the relatively few AV
cross-language speech perception studies available
generally focus on second-language learners, but as we
have shown here, AV speech may still be beneficial
with naïve perceivers, who have had no prior exposure
to the target stimulus language. Finally, phonetic
features alone cannot predict the degree of AV benefit,
such that even subtle differences between laryngeal
contrasts, such as lip compression, may be used to the
perceiver’s advantage. Accordingly, future research
focusing on the effect of native language attunement
on speech perception should compare the assimilation
patterns for AO and AV speech, and compare the
influence of speaking style on native versus non-native
speech perception.
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