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ABSTRACT

This study examines the use of audiovisual cues in the perception of sound contrasts which have 
a different phonemic status in the listeners’ L1 and L2. Voice-voiceless cognates differing in the 
distinctiveness of their visual gestures (/p/-/b/, /t/-/d/, and /k/-/g/) were presented to CG (Cypriot-
Greek) learners of English in audio, visual, and audiovisual modalities. Overall identification rates 
were significantly higher audiovisually in the cases where the auditory and visual information 
matched (bimodal congruent condition) than in the audiovisual condition in which auditory and visual 
information did not match (bimodal incongruent condition) or in the audio or video alone condition 
for either contrast. The results point to the multisensory speech-specific mode of perception, which 
plays an important role in alleviating the majority of moderate-to-severe L2 difficulties. CG listeners’ 
success seems to depend upon the ability to relate what they see to what they hear.

Keywords: Audio-visual speech perception, Cypriot-Greek, second language, voiced cognates

INTRODUCTION

L2 (second language) auditory speech perception has been 
an area that has long attracted interest due to several 
perceptual difficulties encountered by L2 learners. In such 
conditions, in which speech is degraded, the addition of 
visual cues may greatly benefit L2 listeners; it seems that 
there is a direct relationship between auditory and visual 
characteristics of speech.[1-3] This can be attributed to both 
segmental and suprasegmental cues; segmental information 
can disambiguate specific distinctions in terms of place 
and manner of articulation, whereas suprasegmental cues 
provided by the visual channel may be better used.

L2 speakers, just like L1 (first language) speakers, rely heavily 
on the acoustic signal during speech perception, although 
developing an acute awareness of acoustic distinctions in 
an L2 takes time and requires exposure to the L2 sounds.[4,5] 
If their acoustic understanding of the L2 distinctions is 
not adequately developed, then L2 learners’ reliance on 
the acoustic signal may lead to inaccurate perception. 

Therefore, segmental perception is particularly challenging 
for L2 learners, especially when the inventories of the L1 
and L2 contain different phonemes or allophones as in the 
case of Cypriot-Greek (CG) compared to Standard Southern 
British English (SSBE), which is the variety used across the 
world and in previous studies.[6,7] Specifically, CG involves 51 
consonants, these being /p p ͪː b t t ͪː d c c ͪː ɟ k k ͪː g f fː v vː θ 
θː ð ðː s sː z zː ʃ ʃː ʒ ʒː ç çː j jː x xː ɣ ɣː ts ʧ ʧː ʤ m mː n nː ɲ ŋ 
l lː ʎ ɾ r/; on the contrary, SSBE involves 24 consonants /p b t 
d k g f v θ ð s z ʃ ʒ h ʧ ʤ m n ŋ ɹ j w l/.[7] Nonetheless, CG is 
much more transparent than SSBE in the representation of 
phonology since most graphemes in the language represent 
a single phoneme.[8]
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This study aimed to investigate the effectiveness of auditory 
and audiovisual cues for L2 perception for contrasts in 
which the visual cues vary in terms of informativeness for 
L2 listeners. The study seems to be the first to investigate 
the audiovisual perception of the distinction between 
English /p b t d k g/ in CG L2 learners of English as in CG, 
some descriptions suggest that the voiced plosives /b d g/ 
are absent or are realized as prenasalized voiced plosives 
as in [mbaˈmbas].[7,9-12] Previous research comparing L1 
CG and L2 English refers to auditory perception studies 
including voiced-voiceless cognates’ perception on a word 
or utterance level,[7,13,14] as well as consonant and vowel 
perception on a word level.[15,16] Therefore, the purpose of 
this study was to examine the perception of CG learners 
of L2 English, an attempt to investigate to what extent 
participants depend on the auditory and/or visual cues in 
the specific context given that multi-modal perception is 
expected to yield speech perception.

Research questions
The study attempts to answer the following questions:

1. What is the effect of visual cues in enhancing the 
perception of certain types of phonetic information 
such as voicing and place of articulation, particularly 
for plosive consonants?

2. To what extent combined audiovisual cues induce 
effects larger than those elicited by either cue on its 
own?

The research approach used for the current study is 
quantitative aiming at identifying the difficult phones 
in L2 English with reference to plosive consonants in the 
different modes of perception. Differences are examined in 
the dependent variable (percentage of correctness) thought 
to be caused by the independent variables (different 
categories).

MATERIALS AND METHODS

Ethics
The study followed the protocol of the Helsinki Declaration 
of 1975. Ethical approval was obtained from the institutional 
research and ethics committee, and consent was obtained 
from each participant.

Study design
Selection and description of participants
Fourteen CG users of L2 English with normal hearing 
and vision were recruited for the purpose of this study. 
These involved seven males and seven females between 
the ages of 18 and 26, who were active undergraduate 
university students. Before they were asked to undertake 
the developed perceptual tasks, the participants had to fill 
in a consent form and a brief background questionnaire 
to ensure that they shared the same characteristics. These 

referred to age, gender, L1, educational level, and exposure 
to CG as the aim was to eliminate inter-group differences. 
Participation in the task was on a completely voluntary 
basis and students were ensured about the confidentiality 
of their personal details.

The research period involved one fall semester with data 
being collected in one session. Participants had to take 
the task on a computer in a quiet testing room with audio 
presented over earphones set to a comfortable volume 
(75 dB). They had to complete the perceptual tasks in 
which four conditions were created for plosive perception: 
auditory-only, video-only, audiovisual congruent, and 
audiovisual incongruent. During the first part, participants 
were asked to take the two unimodal tasks of the study; this 
was followed by the two bimodal tasks in the second part 
of the study. For the first part, participants had to report 
what they could perceive in the auditory-only condition 
and what was being said while watching the lips on the 
screen in the visual-only condition (without sound). A short 
2-min break followed between the two short unimodal 
tasks. After the unimodal part, there was a short pause 
halfway (5 min); after that, participants completed the 
bimodal part of the perceptual task. Participants for the two 
conditions had to report what they could perceive in the 
audiovisual condition. However, for the congruent bimodal 
stimuli, auditory and visual information matched while for 
the incongruent bimodal stimuli, the auditory and visual 
information did not match. Participants could also have a 
2-min break between the bimodal part if they wanted. They 
could control the transition between the slides; they had to 
indicate whether the pseudowords began by /p b t d k g/ by 
pressing the corresponding button on a response pad. All 
tasks were built using PsychoPy. The speaker was a female 
adult, who was a native speaker of CG; she was recorded 
from her shoulders up and was instructed to speak naturally 
in an emotional passive tone without moving her head. She 
was recorded at a 44.1 kHz sample while speaking into a 
microphone that fed directly into the sound card (IDT High-
Definition Audio CODEC) of a laptop computer. Overall, 
testing lasted about 15 min while no feedback was provided 
in the four conditions, and the target stimuli were not 
repeated.

Materials
Unimodal and bimodal perceptual tasks
For this study, four conditions were created; these consisted 
of the auditory- and visual-only stimuli constituting the 
unimodal part of the perceptual task and the congruent and 
incongruent audiovisual stimuli constituting the bimodal 
part of the study. For all conditions, the same 72 disyllabic 
pseudowords of CVCV structure were arranged in 12 minimal 
sets consisting of six items each; the target consonant was 
found word-initially; vowel was one of the following: /a e o/. 
Three minimal sets were included for each category, namely 
for the voiceless/voiced bilabial /p b/, the alveolar /t d/, 
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and the velar /k g/, making up nine minimal sets in total to 
enable a comparison of the three plosive categories as well 
as of the voiced-voiceless cognates. Distractors focusing 
on the voicing contrast were also intermixed and made up 
three of the minimal set words; these included fricative 
consonants such as the labiodental [f] and [v], dental [θ] and 
[ð], and alveolar [s] and [z]. PsychoPy was used to create the 
experimental presentation of the edited stimuli and collect 
response and reaction time data. A PowerPoint presentation 
of 12 minimal sets for each condition was created that was 
presented using a Dell computer. Overall, responses were 
scored as correct or incorrect generating an overall percent 
correct score. Similarly, percent correct scores for each 
consonant category were also obtained.

RESULTS

Figure 1 shows the overall performance of participants 
in identifying plosives in each condition (N = 14). A one-
way repeated measures analysis of variance (ANOVA) was 
conducted to assess participants’ performance across the 

four conditions (Unimodal Audio, Unimodal Video, Bimodal 
Congruent and Bimodal Incongruent). CONDITION was set 
as the within-subject factor with four levels and a significant 
effect was found (P < .001, Wilks’ Lambda = .026, 
F = 137.811, η2 = .974). Pairwise comparisons showed 
significant differences between Bimodal Congruent and each 
of the other conditions with P < .001 in all comparisons. 
A significant difference was also found between Unimodal 
Audio and Unimodal Video (P = .020).

Figure 2 shows participants’ performance in identifying 
stimuli with word-initial voiced or voiceless plosives in 
each condition. A two-way repeated measures ANOVA 
was conducted to evaluate the influence of CONDITION, 
VOICING, and the CONDITION*VOICING interaction on 
participants’ performance. CONDITION with four levels 
and VOICING with two levels (Voiced and Voiceless) were 
set as the within-subject factors. A significant main effect 
of CONDITION, VOICING and CONDITION*VOICING was 
observed (CONDITION: P < .001, F = 38.101; VOICING: 
P < .001, F = 62.52; CONDITION*VOICING: P < .001, 
F = 6.674). Pairwise comparisons showed significant 
differences between Voiced and Voiceless plosive scores 
overall, with P < .001. Significant differences in the scores 
of participants between voiced and voiceless plosives 
were observed in all conditions except for Unimodal Video 
(Unimodal Audio: P = .009; Bimodal Congruent and Bimodal 
Incongruent: P < .001).

Figure 3 shows participants’ performance in identifying 
target bilabial, alveolar, and velar plosives in each of the 
four conditions. A two-way repeated measures ANOVA 
with CONDITION and PLACE as the within-subject 
factors with four and three levels respectively (Bilabial, 
Alveolar, Velar for PLACE) was conducted to evaluate their 
influence on participants’ scores. A significant main effect 
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Figure 1: Correct and incorrect responses to stimuli in each condition

Figure 2: Mean score of participants in target voiced or target voiceless plosives in each condition
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of CONDITION (P < .001, F = 38.101), PLACE (P < .001, 
F = 41.777) and CONDITION*PLACE (P < .001, F = 6.381) 
was observed. Pairwise comparisons showed significant 
differences between Bilabial and Alveolar plosives and 
between Alveolar and Velar plosives overall (P < .001 in 
both cases). In the Unimodal Audio condition, differences 
reached significance between Bilabial and Alveolar plosives, 
and between Alveolar and Velar plosives (P < .001 in both 
cases). The same pattern of identification of plosives was 
observed in the Bimodal Incongruent condition: Bilabial-
Alveolar and Alveolar-Velar plosive identification differed 
significantly (P = .001 and P < .001, respectively). In the 
Unimodal Video and Bimodal Congruent conditions, no 
significant differences were observed based on the place of 
articulation of the plosive.

The availability of stimuli with fricative consonants 
(distractors) enabled a comparison of participants’ 
performance in target fricatives and plosives. This 
comparison could reveal further tendencies in these learners’ 
perceptions of L2 consonants in different conditions, given 
that the focus of this study was on plosive consonants. 
Figure 4 shows the percentage of correct responses to 
stimuli with initial plosive and stimuli with initial fricative 
consonants, illustrating a tendency for fricative consonants 
to be better identified by participants in all conditions. 
Furthermore, participants’ identification of fricative 
consonants in each condition mirrors their performance 
in plosive consonant identification. However, given the 
limited number of data collected for fricative consonants 
and the imbalance in data collected for plosive compared 
to fricative consonants, no further statistical analyses 
were conducted to ascertain whether this difference is 
statistically significant.

DISCUSSION

This study aimed to assess the role of visual information 
in L2 speech acquisition, and more specifically, in the 
perception of plosive consonants by CG learners of English. 
The study emphasized on plosive consonants, as they are 
considered to be difficult for these learners, given the 
differences between the L1 and L2 consonantal inventory.[14] 
More specifically, according to some descriptions, voiced 
plosives do not exist in CG or are realized as prenasalized 
voiced plosives.[7,12-16]

In relation to the first research question, this study 
suggests that visual information can aid the perception 
of certain types of phonetic information, i.e. voicing and 
place of articulation. Given that CG contains voiceless 
plosives, better identification was expected in this category. 
However, participants’ identification accuracy was higher 
for voiced compared to voiceless plosives in all conditions, 
except in the video-only condition, suggesting that voiced 

Figure 3: Mean score of participants in target bilabial, alveolar, and velar plosives in each condition
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plosives were not substituted with the closest L1 sounds in 
place and manner of articulation, which participants could 
perceive based on L1 phonetic inventory knowledge.[17-19] 
In terms of place of articulation, participants performed 
better in identifying bilabial and velar compared to 
alveolar plosives, especially in the Unimodal Audio and 
Bimodal Incongruent conditions. This was expected for 
velar plosives, given that they are produced with longer 
VOT values,[20-22] but not for bilabial plosives, which are 
produced with the shortest VOT values.[22,23] These findings 
suggest that visual cues can enhance the perception of 
certain types of phonetic information such as voicing and 
place of articulation and can play an important role in the 
perception of plosive consonants. In relation to manner of 
articulation, this study focused on plosive consonants, since 
the acoustic difference between sounds with a different 
manner of articulation, for example, /b/-/v/, may be more 
easily perceived, especially since they are also marked by 
visual cues. However, given the availability of the three sets 
of distractors involving fricative consonants, a descriptive 
analysis was conducted to identify possible differences in 
the identification of consonants with a different manner 
of articulation. This analysis, albeit restricted by the small 
number of data, shows that participants’ performance in 
the identification of fricative consonants follows the same 
pattern as in plosives.

Turning to the second research question, the results 
show that the combination of audiovisual cues facilitates 
perceptual performance, compared to conditions where 
each cue is provided on its own. This is evident from 
participants’ near-ceiling performance when provided 
with auditory information that matched visual information 
(Bimodal Congruent task), compared to all other conditions, 
in which participants performed significantly worse. The 
influence of the likelihood of an integrated multisensory 
percept has been examined in several studies, by studying 
the timing of single auditory and visual events[24,25] or simple 
periodic modulations of stimulus features[24,26,27]; however, 
this is different compared to natural sounds, such as speech. 
A study[28] addressed this issue using timed sequences of 
discrete auditory-visual events and found that coherence 
discrimination was better for unpredictable compared to 
predictable sequences.

During speech perception, both L1 and L2 listeners 
rely primarily on the acoustic signal. However, an acute 
awareness of acoustic distinction requires exposure to 
the L2 sounds, and when the acoustic understanding of L2 
distinctions is not adequately developed, as in the case of 
CG learners of English, the acoustic signal may not provide 
sufficient information for accurate perception, meaning 
that relying on a single cue alone may be challenging. 
Therefore, incorporating visual cues may facilitate 
perception, as suggested by the results of this study. The 
integration of auditory and visual signals seems to benefit 
L2 speech perception and points to a strong McGurk 

effect. This study shows the multisensory speech-specific 
mode of perception, which is important in addressing 
and minimizing L2 difficulties. An important implication 
of this is that CG learners could benefit from explicit 
instruction of visual and auditory distinctions, given that 
their perceptual performance seems to depend on whether 
they can relate what they see to what they hear. This can 
be better understood when the CG orthography is taken 
into account, which employs a more transparent system 
(one-to-one correspondence between graphemes and 
phonemes) in contrast to SSBE that uses a more opaque 
system (one-to-many correspondences between graphemes 
and phonemes). Therefore, CG learners could benefit from 
being exposed to the multisensory speech-specific mode of 
perception learning to pay more attention to auditory cues.
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