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ABSTRACT

Why does a face articulating the syllable [ga] presented alongside an auditory /ba/ syllable
result in a perceived /da/ syllable/? Language is more than words, and the human face has
shown enormous communicatory significance as a mode of nonverbal communication.
Multisensory integration is used in audio-visual speech perception when auditory and visual
information are integrated at the same time. This integration, however, can be viewed as an
involuntary process that occurs automatically. The audio-visual benefit effect occurs when
auditory and visual information is synchronized, this is when the visual cue is congruent with
its auditory counterpart. Literature on audio-visual speech perception, states that the magnitude
of visual influences on audio-visual speech perception varies not only across languages but
also across developmental stages. The reasons underlying cross-linguistic and developmental

differences in audio-visual speech perception however remain unclear.

With bilingualism becoming the norm rather than the exception around the world (Grosjean &
Byers-Heinlein, 2018), strong research foundations for spoken-word comprehension in
bilinguals have been carried out. These foundations have been grounded in classical
frameworks from monolinguals and formalised in models such as the Bilingual Model of
Lexical Access (BIMOLA) (Léwy, 2008) and the Bilingual Language Interaction Network for
Comprehension of Speech (BLINCS) (Shook & Marian, 2013). Bilinguals may experience
increased audio-visual integration when using their less dominant language because less
familiarity with a language creates a greater reliance on the visual channel to make sense of
auditory input. This study will therefore examine the extent to which young adult bilinguals

benefit from audio-visual speech.

We examine how different listening conditions affect how L2 bilinguals perceive audio-visual
speech. Participants in this study were L1 English speakers learning L2 isiZulu between 17-29
years of age. Each participant was introduced to four different conditions. Namely, an audio-
only condition, a visual-only condition an and audio-visual condition and an incongruent
condition. In the audio-only condition, the stimuli were only auditory, in the visual-only
condition the stimuli were perceived without an auditory stimulus. The audio-visual stimulus
was made up of both an auditory and visual stimulus whilst the incongruent stimulus was

created through dubbing the audio of one word over the visual of another word.



The results of the study highlighted the importance of audio-visual speech in late L2 bilingual
acquisition. The differences in the phonetics and phonology of language systems might play

an important role in how late L2 bilinguals perceive language in different conditions.

Keywords: Audio-visual; Speech Perception, McGurk Effect, , Bilingualism, L2 learning, L2
learning strategies, Auditory perception, Visual perception
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Clarification of terms

First Language (L1):
This is the language acquired in early childhood (Saville-Troike & Barto, 2017).

Multilingualism-
The ability of a person to speak or be more proficient in two or more languages (Saville-
Troike & Barto, 2017).

Second Language (L2):
The language a person acquires in addition to their native language (Saville-Troike & Barto,
2017).

Phonetic Awareness: The understanding that words are comprised of individuals
(Hempenstall, 1997)
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CHAPTER ONE

Background of the Present Study

The Constitution of the Republic of South Africa, 1996 (the Constitution) is rooted in a
framework that supports bilingualism and multilingualism. However, to implement
bilingualism and multilingualism effectively, successful implementation, effective learning

methods and learning tools need to be adopted.

Higher learning institutions such as the University of the Witwatersrand have implemented
language policies enabling students to learn isiZulu or Sesotho as an additional language; this
has been done to promote language and linguistic diversity (University of the Witwatersrand,
2024). Because English (a West Germanic language in the Indo-European language family)
and isiZulu (a Bantu language in the Nguni branch) belong to different language families their
language systems differ, therefore, the pronunciation and perception of certain isiZulu sounds
can present a perceptual challenge to late language learners. One of the reasons for, this could
be that the learner thinks about their respective L1 (first language) language system, and they
substitute these sounds for the sounds of the second language (L.2). This study seeks to look at

audio-visual aspects that may enhance or hinder second language learning in adult bilinguals.

1.1 Speech perception as a multi-disciplinary field

Speech perception in itself lies within a multi-disciplinary field and includes phonology,
phonetics, and psycholinguistics disciplines. Within the field of phonetics, speech perception
comprises the acoustic dimensions in speech signals together with acoustic and physiological
correlates. Relating to psycholinguistics, speech perception involves the explanation of the
processing of speech sounds. Various psycholinguists have argued that people process signals
through an intermediate pre-lexical level that reconciles the unprocessed acoustic information
and the words in the lexicon (Pitt & McQueen 1998). The phonological field looks at
representations of a sound as a contrastive unit as it is made up of characteristics that set it
apart from representations of other sounds. Therefore, it can be argued that phonetics,
psycholinguistics and phonology all agree that it is essential for sound categories to maintain a

level of abstraction.
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1.2 Multilingualism in the South African context

South Africa has a rich linguistic landscape with 12 official languages. According to the Census
(2022), the twelve official languages include isiZulu, isiXhosa, isiNdebele, Sepedi, siSwati,
Setswana, Sesotho, Xitsonga, Tshivenda, Afrikaans, English and the newly added South
African Sign Language. Of these 12 official languages, isiZulu is the most spoken language in
South Africa accounting for 24,4% of the population (Census Dissemination, 2022). Figure 1

is an illustration of the language distribution in South Africa based on the 2022 Census.

South Africa exhibits a unique distribution of languages across the country cE"sus
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Figure 1: The language distribution in South Africa (Census Dissemination, 2022)

The growing research in bilingual speech is justifiable in today’s multicultural world. Research
on bilingualism is essential since it provides insight into the theories of language acquisition.
This is especially important as the majority of language acquisition theories are situated around
monolingual data (Genesee, 2022). Therefore, understanding the various principles and

enquiring into the most effective methods of late bilingual acquisition is essential.

New L2 adult speakers, of an additional language, commonly face various challenges when
learning an L2. These challenges lie in word learning, the comprehension of sentences and the
learning of non-native sounds. Therefore, to alleviate the difficulties concerned with late L2

learning, it is important to optimise the modalities used in L2 learning.
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This study seeks to investigate the extent to which young adult early-stage bilinguals benefit
from audio-visual speech. The study aims to understand what the effect of modality is on
speech perception and how incongruent stimuli affect the perception of audio-visual speech in
this population. Learning an L2 is a cognitively demanding process as languages differ in their
phonology and speech sounds. Phonological differences are an aspect of language that is
challenging to learn (Goswami, 2002). Mastering and articulating new speech sounds and
acquiring new concepts of speech are essential processes in learning an L2. For example, L1
English individuals learning isiZulu would have to learn about tone as it is a distinctive feature

in the isiZulu language.

The audio-visual modality introduces both auditory and visual tools to individuals. This
modality is more nuanced as it is made up of both auditory and visual media. Multisensory
integration occurs when both the auditory and visual stimuli are integrated. This integration
occurs automatically. However, we need to ask what happens when the auditory and visual
stimuli do not match? Do L2 speakers integrate the stimuli from both modalities and do they
ignore one modality? This study aims to explore the effect of incongruent speech in L2 speakers

in order to understand what modality learners rely on as they learn another language.

Utilising this modality in L2 learning would allow students to synchronise the speech they have
heard with the visuals they see to offer a more thorough understanding. The absence of audio-
visual material in L2 learning means that students do not gain certain aspects of the L2 (that is,
tone) (Cabrera & Werner, 2017). Therefore, the lack of audio-visual material means that .2
speakers may have difficulty with certain phonetic elements, pronunciation and production of
non-native elements which could decrease their L2 perception. Audio-visual cues in speech
perception can be more challenging for bilingual speakers who have to differentiate between
languages particularly when the languages have contrasting linguistic features. Research has
shown that L1 listeners gain more from visual cues through lip reading than L2 listeners do
(Drijvers & Ozyurek, 2019). Similarly, new L2 speakers use visual cues compared to more
proficient L2 speakers (Hazan et al., 2006; Sueyoshi & Hardison, 2005). Despite, this
information there has been limited research concerning L2 speech perception in languages

belonging to the Bantu language family.
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Based on the above information it is valid to hypothesise that the audio-visual modality will
provide L2 speakers with additional information such as visible articulatory information which

would be beneficial in L2 perception and would complement the auditory stimuli.

1.3 Improving L2 learning strategies

With the rise of bilingualism and multilingualism in society it is essential for learning institutes
to adopt effective language learning strategies, particularly in late L2 learners. To ease and
improve non-native cue learning, language instructors should employ teaching methods that
enhance L2 learning processes. Effective learning strategies are a key factor in L2 learning
(Oxford, 2003). Various researchers (Kumaravadivelu, 2006; Herrera et al, 2012; Richter, &
Lara Herrera, 2016) have highlighted the need for L2 instructors and curriculum planners to
design and employ effective L2 teaching methods that will aid in second language learning.
Learning strategies are used by curriculum planners to assist in the new cognitive demand of
learning a new language system. Therefore, highlighting effective modalities of learning can
assist L2 speakers in maximising accurate pronunciation, perception and learning new sound
systems. Together with aiding in L2 learning using effective modalities of speech perception
can also aid hearing-impaired individuals via improved identification of phonetic detail and
sound systems. Thus, examining the most effective modalities for speech perception is essential

as it is the foundation of language development.

1.4 Rationale

The following research will explore the effects of modality in young adult bilinguals. The
results of this study could contribute to understanding early steps in developing more
comprehensive models of speech perception to match the changes in teaching and learning. In
the South African context, future planning, reimagined speech research, teaching, and practice
all demand evidence-based research that can aid in the facilitation of service delivery models.
Such models should be culturally, linguistically, and contextually appropriate to the South

African context and population (Khoza-Shangase & Masondo, 2020).

This data could assist theorists in determining whether any additional key component skills

should be included in L2 perception models for bilingual speakers. Previous studies on non-
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native perception have focused on auditory and visual perception at the phoneme or syllable

level; in contrast, this study will focus on lexical stimuli.

Moreover, few studies to date have examined how variations in the perception of lexical cues
can add to general listening comprehension, particularly in bilingual speakers (Fricke et al.,
2016). General listening comprehension is an important skill in developing L2 learning. The
data in this study could assist in decoding additional components such as compensatory
strategies used to decode degraded speech. Language instructors have limited knowledge of
the necessary training and support for L2 learners particularly in classroom settings (du Plessis,
2020; Webb et al, 2015). A better understanding of the effect of modality on speech perception
will allow educators to design more informed listening training that will equip students with
the skills they need to overcome the listening challenges they face in their daily lives. As
language learning strategies have developed in the last decade, literature promoting language
acquisition through an audio-visual stimulus has been on the rise (Perez & Rodgers, 2019;

Peters & Muiioz, 2020).

The results of this research study will also contribute to the development of L2 isiZulu
perception and could aid the educational sector in adopting effective L2 learning models

particularly to improve L2 speech perception.

1.5 Problem statement

The perception of L2 speech is essential in the process of mastering an L2. Although there has
been a steady stream of research regarding speech perception (Aller et al, 2022; Alsius et al,
2018; Bernstein et al, 2000) there has been limited focus on the speech perception of Bantu
languages (Van Der Merwe & Le Roux, 2014). Understanding the extent to which young adult
bilinguals perceive audio-visual speech is essential for L2 listeners’ perception of sounds.
Similarly, it is important to document how L2 speakers can better perceive L2 speech within
classroom settings. The limited research on the perception of Bantu languages means that

language instructors are forced to rely on intuition instead of evidence in L2 language learning.
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1.6 Research questions

To accomplish the aims and objectives of this research this study aimed to examine the extent
to which young adult bilinguals benefit from audio-visual speech this study aimed to answer

the following questions:

e What is the effect of modality on audio-visual perception?

e How do different conditions affect the way L2 bilinguals perceive audio-visual speech?

1.7 The thesis will be written in the following order:

Chapter One: Introduction

This chapter highlighted the prevalence of multilingualism in South Africa. It also explored
the main framework underpinning audio-visual perception and the need for studying speech
perception in L2 speakers. Thereafter, the chapter examined the different L2 learning strategies
involved with speech perception and introduced the research question and the motivation

behind the study.

Chapter 2: Literature Review
In this chapter, the theoretical frameworks of the study are explained. It then explores previous
research on speech perception including audio perception, visual perception and audio-visual

perception. The language properties of English and isiZulu will also be discussed.

Chapter 3: Methodology
This chapter examines the data collection method utilised in the study. Thereafter, the
description of the materials, equipment and procedure is investigated. Lastly, this chapter will

explain how the data was coded.

Chapter 4: Analysis
The analysis chapter presents the research findings, the results gathered from this data

collection studied through the use of tables and graphs.
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Chapter 5: Discussion and Conclusion

In this chapter, the findings of the present research are explored and the most important findings
are explained. Moreover, the results are interpreted with reference to other research studies.
The conclusion underlines the principal findings of the study. Thereafter, the limitations of the
current study are addressed. A list of references established by the research framework will
also be included.

Appendices to the manuscript contain ethical clearance certificates and the coding manual used

in the methodology.
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CHAPTER 2

Literature Review

2.1 Introduction

In this thesis, we explore the extent to which young adult bilinguals benefit from audio-visual
speech. In doing so we will investigate the effects of modality on audio-visual perception and
how different listening conditions affect how L2 speakers perceive speech. The present chapter
highlights the literature that foregrounds this study in aligning with my research questions:

1. What is the effect of modality on audio-visual perception?

2. How do different conditions affect the way L2 bilinguals perceive audio-visual speech?

This chapter presents the literature for this study, and it provides a description of audio-visual
modalities. An outline is provided of the languages under review including bilingualism, the
McGurk Effect and the theoretical framework to be used in responding to the research

questions are explored.

2.2 The multisensory nature of speech perception

The environment around us is multisensory- human beings process information from
their surroundings using their senses which they then code and use in various sensory
modalities. This provides a cognitive challenge to the human brain as it is forced to distinguish
between information that originates from the same object or event and should be connected
and information that does not and should be separated. This process is known as sensory
binding (Desantis & Haggard, 2016). To formulate coherent perceptual representations and

create appropriate response behaviours this process needs to be rapidly resolved.

Speech is more than just a collection of acoustic sounds. The process of creating speech
requires the coordinated movement of several articulators (including the jaw, teeth, and
lips). To aid the perceiver’s language comprehension face-to-face multimodal communication
involves hearing the speaker's auditory speech while also seeing the speaker's articulatory
movements. Auditory speech accompanied by the speakers mouth together with the auditory

stream requires a combination of temporal and phonetic cues (Lalonde & Werner, 2019). As a
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result, the integration of auditory and visual stimuli becomes pivotal for optimal speech
comprehension (Brancazio et al, 2003). Several studies (Hirata & Kelly, 2010; Holle et al.,
2012; Nagels et al., 2015; Wu & Coulson, 2015) relating to audio-visual perception have
revealed that people’s responses to audio-visual stimuli are considerably quicker compared to
auditory-only conditions. It has been shown that the processing of audio-visual language is
bimodal and that the act of visual modalities facilitating speech perception is known as the

“audio-visual benefit effect” (Bernstein & Liebenthal 2014; Jesse & Janse, 2012).

The process of synthesising several modalities simultaneously and in synchrony is known as
“multisensory integration” (Venezia et al; 2016). Multisensory integration is used in audio-
visual speech perception when auditory and visual information are integrated at the same time.
This integration, however, can be viewed as a natural process that occurs automatically. The
audio-visual benefit effect occurs when auditory and visual information is synchronised, this
is when the visual cue is congruent with its auditory counterpart. Additionally, another type of
audio-visual effect is known as “the McGurk effect” (McGurk & MacDonald, 1976) which is
discussed later in this study. The two major strands of research on audio-visual speech

perception are the McGurk effect and the audio-visual benefit effect.

According to research on speech perception (which includes both the McGurk effect and the
audio-visual benefit effect), the immensity of visual influences on audio-visual speech
perception differs not only across languages but also across developmental stages (Burnham &
Dodd, 2004; Chen & Hazan, 2009; Chen & Massaro, 2004; Dupont et al., 2005; Lalonde &
McCreery, 2020; Lalonde & Werner, 2019; Magnotti et al., 2015; Sekiyama, 1997; Sekiyama
& Burnham, 2008; Tremblay et al., 2007). However, the underlying reasons for cross-

linguistic and developmental differences in audio-visual speech perception remain unclear.

Spoken word recognition is a critical component of language comprehension. A large number
of studies that have been conducted over the last four decades lay a strong foundation for
spoken word recognition in monolingual speakers (McClelland & Elman, 1986). With
bilingualism becoming the norm rather than the exception around the world (Grosjean &
Byers-Heinlein, 2018), strong research foundations for spoken-word comprehension in
bilinguals have been carried out. These foundations have been grounded in classical

frameworks from monolinguals and formalised in models such as the Bilingual Interactive
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Model of Lexical Access (BIMOLA) (Grosjean, 2008) and the Bilingual Language Interaction
Network for Comprehension of Speech (BLINCS) (Shook & Marian, 2012).

When the auditory channel is unclear (such as when the audio is degraded or noisy) we rely
more on visual input. Visual lip-reading, for example, can aid in the clarification of degraded
speech sounds. As a result, when auditory input is less comprehensible, people are more likely
to experience incongruent speech. When using their less dominant language, bilinguals may
experience increased audio-visual integration to make sense of auditory input because less
familiarity with a language creates a greater reliance on the visual channel. Bilingualism has
been proven to have long-term effects on a variety of cognitive processes. The bilingual
experience, for example, has been shown to improve cognitive control (Bialystok & Herman,
1999), increase meta-linguistic awareness (Cummins, 1978), delay the effects of Alzheimer's
disease in older adults (Yew et al., 2012), and improve perspective-taking ability in children
(Goetz,2003). While such examples demonstrate the various advantages of bilingualism, there
are some drawbacks. Previous studies have found that bilinguals who use their second language
have more difficulty understanding speech in noisy environments than monolinguals
(Smiljanic & Gilbert, 2017). The challenge of learning multiple languages may thus shape
bilinguals’ speech comprehension strategies. According to Navarra and Soto-Faraco (2007),
attending to corresponding visual stimuli improves bilinguals’ speech comprehension. This

could lead to a general preference for the visual channel in speech perception.

Even after achieving language competence, early challenges of learning and managing multiple
languages may alter how people perceive and integrate audio-visual stimuli. Poor classroom
acoustics have negatively impacted academic achievement and psycho-educational and
psychosocial development (Crandell & Smaldino, 2000). High levels of reverberation and
noise (unwanted sound inside or outside a room) impair speech perception, reading and spelling
ability, classroom attention, concentration, and academic achievement. Because learning
multiple languages is a relatively challenging task, bilingual speakers may rely more on visual
information than monolinguals, resulting in increased audio-visual integration. Greater reliance
on the visual channel during bilingual speech comprehension, and an increase in audio-visual
integration as a result of greater difficulty comprehending speech listening conditions increase
the likelihood of experiencing the McGurk effect (Sekiyama et al., 2003). This study will

further explore the impacts of audio-visual integration and the McGurk effect in bilingual
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speakers. Although there have been a plethora of studies focusing on audio-visual aspects, they

are largely limited to monolingual speakers.

In the educational setting, media can be described as utilising technology to aid in learning
(Clark et al., 2003). In today’s world, there are various types of media and technology being
used for learning and have been shown to increase a student’s motivation, learning and
engagement. Within the learning space, media can be introduced through different modalities
including the audio-visual modality. Mishra and Koehler (2006) state that media in learning is
used to aid in the learning process and can be introduced through visual, video or audio means.
The media used in teaching and learning an L2 has to be intentional and appropriate to elicit
the best learning results (Noesgaard & @rngree, 2015). In the learning effective environment,
media aid in processing information- particularly through effective visual and auditory
modalities. Utilising the best modalities in teaching and learning can aid teachers in providing

materials that will best facilitate L2 learning.

With improvements in science and technology, L2 teaching is changing from being
predominantly audio towards a more nuanced way of audio-visual teaching (Mayyas & Farhan,
2023; Namaziandost & Nasri, 2019; Zhyrun, 2016). The audio-visual modality elicits both
visual and auditory perceptions, while auditory learning elicits auditory perceptions (Campbell,
2007; Surguladze et al., 2001) therefore, L2 learning should head towards multi-modal
learning that incorporates both auditory and visual modalities. Various studies have shown that
gaining information from a multi-modal perspective is more constructive than information
gained from a single modality as multimodal information lasts longer in the memory (Xu et
al; 2021; Zhang et al; 2020). The significance of this study understanding the extent to which
audio-visual perception aids in L2 perception- will add to the influence of L2 cues in audio-

visual perception.

Lei and Gupta (2010) revealed that technology has become more in reach of people than ever
before. With increased use, technology will now have to be integrated into places of learning
and education settings. Similarly, students have displayed positive responses towards the
integration of technology in learning (Peters et al., 2009). Various studies have highlighted the
benefit of using technology in L2 learning (Roever, 2006; Zhao, 2010). The study by Taylor
and Gitsaki (2004) for instance highlighted that the use of technology in their English classes

was beneficial and rewarding. These studies highlight that effective technology models can be
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valuable and can aid in face-to-face L2 learning; this is especially helpful, given time
constraints limiting the opportunity for learners to exercise their language production. In
addition to face-to-face teaching, technology can be utilised to improve language production.
Studies (Wang & Munro, 2004) have also shown that technological help can aid in language
perception. This was seen in a Cantonese group whose English vowel contrasts improved

drastically with the help of computer-based perception training.

2.3 Bilingualism and speech perception

The term “bilingualism”, which is a major theme of this manuscript, is derived from two Latin
words: “bi” (two) and “lingua” (language). Thus, bilingualism is defined as a speaker's ability
to communicate with himself or herself in at least two languages with equal or native-like
proficiency (Tsitsipis, 2006). More broadly, bilinguals are now defined as any individual with
early or late onset of a second language (Tanner et al; 2012). The term “bilingualism” does not
have set criteria rather, it is said to exist within a continuum (Gonzalez, 1989). The ends of the
continuum range from a monolingual speaker to an L2 speaker with native-like acquisition.
Although there is no set definition of bilingualism, researchers have described different classes

of bilinguals.

The first classification is based on the stage of life of becoming bilingual early and late. This
is determined according to the age of exposure of the L2 (Berken et al; 2016). The acquisition
of a second language during the pre-adolescent phase is known as early bilingualism while late
bilingualism refers to the acquisition of another language after eight years of study (Berken et
al; 2016). The other classification is described as balanced and dominant bilinguals
(Bhattacharjee, 2014). Balanced bilinguals are those who obtain native-like proficiency and
mastery in both their L1 and L2 while dominant bilinguals have a higher proficiency in one
language (Bhattacharjee, 2014). Additive and subtractive bilinguals are another classification-
additive bilinguals are those who can acquire an L2 without losing their L1 while a subtractive
bilingual acquires an L2 at the expense of the L1 (Bhattacharjee, 2014). Another classification
is simultaneous and sequential bilingualism (Amengual, 2017). Simultaneous bilinguals do not
have a distinct L1 or L2 as both languages were learnt simultaneously (Silva-Corvalan, 2014;
Thordardottir, 2017). For the purpose of this study, the term bilingualism will refer to
sequential bilinguals. Sequential bilingualism is defined as a person who first acquires an L1

and then acquires an L2 later in development (Castilla et al; 2009; Kohnert, 2008). A sequential
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bilingual could be any individual who acquires an L2 after 3 years of age because at this age

their L1 is intact (Castilla et al; 2009; Kohnert, 2008).

Bilingualism has become the norm around the world, although the general tone of bilingualism
is either official or unofficial, depending on the country. Official bilingualism is generally
assertively entrenched in a country’s constitution and is practically applied in sectors such as
education, and national, international, and official engagements. Teaching and learning in
primary, secondary, and tertiary institutions fall within these sectors together with

parliamentary proceedings and judicial activities.

South Africa has twelve official languages and promotes a multilingual policy. The languages
that fall under the twelve official languages are Sepedi, Sesotho, Setswana, siSwati, Tshivenda,
Xitsonga, Afrikaans, English, isiNdebele, isiXhosa, South African Sign Language and isiZulu.
To put the South African constitutional multilingual provision into action, the government
enacted the Language Policy for Higher Education in 2002. This policy requires universities to
develop bilingual language policies and to incorporate bilingualism into their institutional
environment as well as their teaching and learning programmes. Although the
country’s language policy has been critiqued for a wide range of reasons (Nkomo & Madiba,
2012), it has undoubtedly created an ideological space for the adoption of bilingual language
policies in most universities. The policy has resulted in the implementation of bilingual

education language policies in approximately 20 of the 23 universities in the country.

Although these practices are stated, the reality is that changes (particularly related to the
COVID-19 pandemic) have meant that there has been a shift away from traditional in-person
models of teaching and learning. Although several educational establishments have returned to
in-person teaching a larger number have continued with distanced learning. Distanced learning
may hinder an individual’s speech perception particularly, owing to inadequate access to
effective technology together with maintaining a stable power supply. Therefore, exploring the
effects of speech perception is important in developing adequate teaching methods for teaching
and learning particularly for new L2 speakers. Similarly, this will aid in creating effective

methods and models for distance learning.

There have been various hypotheses regarding the methods which L2 speakers use to
understand the linguistic input in each specific language. The language-selective hypothesis

and the nonselective hypothesis proposed by Dijkstra and Kroll (2005) sought to explain the
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bilingual language selection process. The first (language-selective) hypothesis, demonstrates
that, depending on linguistic input, bilinguals have two distinct selectively accessed lexicon
systems. According to this hypothesis, the bilingual mind chooses and employs one language
like a monolingual, since the two languages are stored and processed independently (Kroll &

Bialystok, 2013).

The alternative (nonselective) hypothesis, argues that bilinguals have an integrated lexicon, in
which lexical structures from both languages are simultaneously activated during the word
recognition and selection process. This is backed by evidence from neuroimaging studies,
which suggests that bilinguals who read, talk, and listen to speech in one language alone are

co-activating their linguistic knowledge rather than choosing one particular language at a time

2.4 Phonological awareness of language properties

Infants develop the perception of speech sounds from birth (Moon et al; 2013; Webb et al;
2015). It is from birth that infants develop the awareness of phonemes from various languages:
however, increased exposure to one particular language over time sees a decline in the
perception of speech sounds of other languages (Beattie & Manis, 2012; Cantiani et al; 2023).
As children develop and reach new milestones their phoneme-grapheme knowledge is essential
for phonemic awareness (Ouellette & Haley, 2011). Phonological awareness thus contributes
to other systems such as phonological representations and phonemic specifications which are
all essential for speech perception (Anthony et al; 2005; Lewis et al., 2012; Preston & Edwards,
2010). Therefore, the perception of speech at the segmental and suprasegmental levels

moderate auditory sensitivity of phonemes through phonological awareness.

2.4.1 Phonemes

Phonemes are the smallest sound units were substituting a phoneme segment with another
might alter the meaning (Zwicky, 2017; Zwicky &, Pullum, 1983). The International Phonetic
Alphabet (IPA) was created in 1887 and comprises a set of phonemes that can be used to
describe speech across languages. Phonemes are made up of groups of vowels and consonants
and appear in the IPA chart as shown in Figure 2. This shows that as children reach new

milestones their phonological awareness improves (Ambrose et al; 2012). As their
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phonological awareness increases in the L1 it becomes more challenging for an individual to

develop the same perception in their L2.

THE INTERNATIONAL PHONETIC ALPHABET (revised to 2020)

CONSONANTS (PULMONIC) @®0 2020 IPA
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Figure 2: Grouping of consonants according to the International Phonetic Alphabet (IPA4)

2.4.2 IsiZulu and English phonetics and phonology

IsiZulu is one of the 11 recognised languages of South Africa. The Bantu language, isiZulu
falls under the greater Niger-Congo family (Nicolas & Ahmed, 2016). It is part of the Nguni
group of languages (Kunene-Nicolas, 2015; Pacoe & Jeggo, 2019; Posthumus, 2016). Owing
to the multicultural society in South African the universities have adopted language policies
that enable young adults to learn one of the recognised languages as an L2. This study chose
to look at early L2 isiZulu speakers because of the scarcity of the scarcity of research regarding

the L2 perception of young and adult bilinguals in Bantu languages.

A few key factors differentiate English and isiZulu; importantly isiZulu has a larger phonetic
inventory than English has. According to Naidoo et al. (2005), there are approximately 24
consonants and 14 vowels found in English whilst isiZulu accounts for 59 consonants and
seven vowels (Naidoo, 2002; Naidoo et al; 2005). Further, isiZulu contains clicks which do not
appear in English (Land, 2015). In contrast, the English language allows consonant clusters
(Stockman, 2006) whilst isiZulu does not permit them (Taljaard & Snyman, 1991). A further
difference is that isiZulu allows only open syllables (Poulos & Msimang, 2001) whilst English
contains both open and closed syllables (Borowsky, 1989). Moreover, aspiration is not a
characteristic in English while aspirated sounds in isiZulu can change meaning (Van Der

Merwe & Le Roux, 2014).
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In Bantu languages, words commonly adhere to the CVCV pattern (Mosaka, 2000). IsiZulu
may include V, C and CV (Van Der Merwe & Le Roux, 2014). IsiZulu also uses tone which
could affect the meaning of the word. The tone could be presented as H (high tone), L (low
tone) and could include HH, LL, HL or LH structure (Van Der Merwe & Le Roux, 2014).

2.4 3 isiZulu vowels

A vowel can be identified based on vertical modification, horizontal modification, the extent
of lip rounding and the position of the cardinal vowel. The horizontal modification of the oral
cavity is related based on the front or back of the mouth. Therefore, vowels are categorised as
front, central or back vowels. Similarly, the vertical modification is based on the height of the

tongue in the oral cavity and can be categorised as low, mid and high.

The [i] is a high, front vowel, unrounded which occurs at cardinal positions 1 and 2. The [i]
sound can be found in words such as [usi.si] (sister) while the [€] is a mid-low front, unrounded
vowel (Ncobela, 2015). The [o] is the mid low, back, rounded vowel while the [u] is a high,
back, rounded vowel. The mid-high front, unrounded vowel is the [e] while [0] is the mid-high,
back, rounded vowel (Ncobela, 2015) (See Figure 3). The next section looks at the phonemic

structure of English.

Front Central Back
1 ¢ [ [ul 8 High
2 7
[e] \ [o] Middle
3\ [e] N [0] —{ 6
4 (a] 5 Low

Figure 3: An illustration of the isiZulu vowel chart (Retrieved from Pascoe & Jeggo, 2019)
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2.4.4 English vowels

The English language has a comparatively high number of vowel combinations and variations;
Figure 4 provides a relatively comprehensive list of the vowels in the language. The English
language vowels make use of the descriptions “open” and “close” to describe position in the
mouth. The front vowels include the [i] which is unrounded. The /A/ is a central vowel whilst

/3/ is a central, unrounded vowel.

VOWELS
Front Central Back
Close 1@ Y———1e H———We U
1Y O
Closemid €@ @—— 9@ O0——Y¥ @0
o
Open-mid € &—3\G—AOO
e

Open aeE L dep

Figure 4: An illustration of English vowels

2.4.5 IsiZulu consonants
Consonants in isiZulu are based on 6 specifications.
a.) Manner of articulation

This applies to the modification of the airstream during articulation. Based on whether
the airstream is obstructed or modified, four speech sounds are recognised, namely,
explosives [p’],[t’], [k’], implosives [b], fricatives [f], [s], [h], resonants [w], [m] and

affricates [/t[/].
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b.) Direction of the airstream

The airstream moves either outward or inwards into the oral cavity. The speech sound
that occurs when the airstream moves into the cavity is the click [!], [/], [/ /] and the

implosive sound [6]. The remaining sounds are eggressive.

c.) Origin of airstream

The origin of airstream is either an oral [I] or glottal [t’].

d.) Channel of air release

The two channels of air release are oral [1] and nasal [n]. Nasal sounds are articulated

when the airstream moves through the nose.

e.) State of the glottis

This refers to the opening between the two vocal cords during articulation. The common
types of sound that can be produced are voiced, voiceless, devocalised and aspirated

consonants.

f.) Place of articulation

This refers to the tract where articulation occurs. Place of articulation consists of velars
(occurs by raising the back of the tongue to touch the soft palate), bilabials (sounds
which use both lips), alveolar (occur when the tip of the tongue is raised to touch the
tooth ridge), palatals (the sound takes place at the oral roof region found behind the
alveolar ridge), labiodental (produced by raising the lower lip to touch the upper part

of the front teeth) and alveolar laterals (See Figure 5).
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Figure 5: An illustration of the places of articulation in the vocal tract

Phonemes can be either voiced or voiceless. Voicing takes place in the larynx where the vocal
cords exist. The meaning of an isiZulu word can easily be altered or be regarded meaningless
by simply changing one sound to another. For example: “ukuthula” [to be quiet] and “ukuthola”
[to find] (Ncobela, 2015). When an isiZulu sound is uncommon to an L1 English speaker,
individuals often replace the sound with a similar English sound. This is often noted with the
implosive [6] that is uncommon in English. L2 speakers will likely replace the implosive with
a voiced bilabial explosive [b]. Therefore, incorrect pronunciation of an isiZulu word could
result in a change of meaning to the word or could mean that the word is meaningless. These

incorrect pronunciations most commonly occur in L2 learners.

2.4.6 English consonants

English consonants are similar to isiZulu consonants, except there are some additional
challenging sounds. English consonants consist of velar stops such as [k] which is a voiceless,
velar, and plosive. Similarly, [g] is a voiced, velar, plosive. Alveolar stops are also present in
sounds such as [t] which is a voiceless, alveolar, plosive. There is also the bilabial stop which

is found in sounds such as [p] a voiceless, bilabial, stop and [b] which is a voiced, bilabial,
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plosive. We also have alveolar which is found in the voiced, alveolar, fricative [z] and in [f] a

voiceless, labiodental fricative.

The size of a language’s phoneme inventory may also affect perception. When comparing
English vowels between two L2 cohorts with different L1 studies showed that English learners
with more limited L1 vowel inventories such as Spanish and French resulted in poorer
recognition and performance compared to L1 speakers with bigger vowel inventories such as
German (Iverson & Evans, 2009). The results of this study contradict previous work which
stated that individuals with a smaller L1 phoneme inventory might be at an advantage as they

have space to learn new L2 categories (Flege et al., 1995).

There are certain sounds which do not appear in English and are therefore replaced by an
equivalent English sound in the pronunciation of isiZulu words. One of these sounds which
does not appear in English- and hence results in mispronunciations is the implosive bilabial
consonant [6] (Naidoo, 2002). The implosive is, therefore, often compensated by a [b] in
isiZulu (Ncobela, 2015). Similarly, the alveo-lateral fricative [1] is unfamiliar in English, L2
isiZulu speakers often replace this sound with a voiceless, alveolar, fricative [s] (Ncobela,
2015). These incorrect pronunciations can therefore result in meaning changes. Shedding light
on the phonetic comparison between isiZulu and English allows us to understand the
difficulties that may arise for L2 speakers in their perception of word sounds. When a particular
word arises in the L2 that does not occur in a person’s L1, this may result in mispronunciation

or auditory perception of the word.

When looking at phonemes in the phonological environment, it is important to consider the
coarticulation feature. When phonemes appear next to each other, they are influenced on both
the visual and acoustic level by the previous and forthcoming phonemes (Benguerel & Pichora-
Fuller, 1982). Therefore, the prior viseme can hint at the next viseme. Coarticulation, however,
can hinder lip reading in visual-only conditions particularly when the articulatory gestures are
less salient (Benguerel & Pichora-Fuller, 1982). However, more recent studies have revealed
that audio-visual input enhances an individual’s potential to predict approaching sounds
(Campbell, 2007; Howson et al; 2020;). Therefore, it can be said that audio-visual facilitation
on the phoneme level impacts lexical activation revealing visual phonemic cues in speech to

assist in retrieving lexical entries (Fort et al., 2013).
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2.4.7 Minimal pairs

A minimal pair can be described as a set of two words which have different lexical meanings
owing to a difference in one sound (Pennington, 1999). Minimal pairs are often used to
demonstrate the meaning confusion of words. A study referenced by Nunes (2015) used
minimal pairs in a study comparing English and Portuguese vowel and consonant sound
systems. Minimal pairs were used to illustrate meaning confusion relating to the Brazilian
speaker’s mispronunciation of vowels. A study looking at the sound systems most difficult for
Brazilian learners to grasp centred around the consonants /t/ and /d/ as there was an expected

confusion in words such as “deep” and “jeep” (Baptista, 2001).

2.4.8 Models of lexical access

It is essential to examine the research underpinning bilingual perception. The more localist
model BIMOLA (Grosjean, 2012) has a foundation in earlier activation models such as the
activation model of (McClelland & Rumelhart, 1981) and the TRACE model of (McClelland
& Elman, 1986). The objective of the BIMOLA model (Grosjean, 2012) deals with handling
the recognition of spoken words. According to BIMOLA, there are no distinct levels of
language nodes. Rather, the lexicons of various languages are stored in a variety of language
networks. This model is, therefore, based on word recognition in bilinguals. BIMOLA states
that there are three node levels, namely: features, phonemes, and words (McClelland &
Rumelhart, 1981). According to this model, the feature level is a commonality between both
languages however, the phoneme and word levels are broken into subsets based on the

language. This highlights that features activate words.

The activation that occurs between phonemes and words is thus bidirectional however, the
activation of the feature level and phoneme level are bottom-up (McClelland & Rumelhart,
1981). In this model, language is contained in distinct networks from the phoneme level
through to the word level. Languages are thus arranged separately within the phoneme and
word levels and can be hindered between levels of one language only. Therefore, languages do
not correspond with each other. In this model words and consonants belonging to a particular
language will increase the overall activation of the language network and hasten word

recognition in that language ( McClelland & Rumelhart, 1981). Figure 6 below illustrates the
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BIMOLA model; as can be seen in this figure, BIMOLA maintains both a bottom-up and top-

down processing. Overall, BIMOLA is a traditional approach to bilingual speech processing.
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Figure 6: An illustration of the BIMOLA model (adapted from Grosjean, 2012)

The BLINCS model concerns interconnected levels of representations which are phonological,
phono-lexical, ortho-lexical and semantic. This model states that the influence of visual stimuli
on language processes occurs through the phonological and semantic levels. Exposure to
spoken language automatically involves the integration of audio and visual information
(Gentilucci & Cattaneo, 2005). It is at the lexical level that the BLINCS model presumes that
a person’s two languages are both separated and integrated. The phono-lexical level is where
words are separated into language regions however the words are still able to interact between
themselves. The distinction between the two language orthographies is highlighted at the ortho-
lexical level (Cornut, et al., 2021; Shook & Marian, 2012). Therefore it can be seen that the
BLINCS model was not created to account for visual recognition rather it was established to
centre around the effects that information gathered through the visual systems might have on

age language processing. Figure 7 is a visual illustration of the BLINCS model.
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Figure 7:Visual representation of the BLINCS model (retrieved from Shook & Marian, 2012)

These models are important to understand, as they describe how individuals recognise lexical

item meaning. This provides insight to how people access words and word meanings.

2.5 The development of audio-visual perception

At the age of 2.5 months, infants are sensitive to the congruency of facial articulation and voice,
according to research by Dodd (1979) and Burnham and Dodd (2004). Infants as young as two
months old can match auditory and visual cues. Infants are presented with a silent video of two
identical faces side-by-side, (one with the visual articulation of one syllable and the other with
the visual articulation of a different syllable). Later when the infants are presented with the
same video of two faces adding the sound of one of the syllables, infants preferentially look at
the side where the visual articulation is matched with the sound (Patterson & Werker, 2002,
2003). In addition to cross-modal matching. Prince and Hollich (2005) discovered an audio-
visual benefit effect in 7.5-month-old infants, indicating that visual information aids infants'

auditory speech perception. Infants, like adults, demonstrated the McGurk effect, according to
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research carried out by Rosenblum et al. (2007) and Burnham and Dodd (2004). In the
Burnham and Dodd (2004) study, it was discovered that in the test phase, infants in the
experimental group fixated on the auditory [da] or [0a] for a substantially longer time than
auditory [ba], suggesting that participants in the experimental group recognised the McGurk
stimulus (auditory [ba] accompanied by visual [ga]) as auditory [da] or [da] rather than [ba]
(Burnham & Dodd, 2004). In summary, infant audio-visual speech perception research
discovered that: (1) infants are sensitive to auditory and visual synchrony; (2) infants can use

visual cues to aid auditory speech perception, and (3) infants exhibit the McGurk effect.

Developmental studies of audio-visual speech perception have repeatedly found that children
have a weaker visual influence than adolescents and adults. Dupont et al. (2005) recruited eight
4- and 5-year-old French Canadian children and ten adults as participants, who were shown
congruent and incongruent visual, auditory, and audio-visual stimuli. Adults were required to
write down the perceived utterances, while children were instructed to repeat what they
believed the speaker had just said (Dupont et al., 2005). The results showed that approximately
90% of children's responses to audio-visual incongruent stimuli were identical with the
auditory component of the audio-visual incongruent stimuli, while adults' audio percepts
accounted for only about 40% of responses, implying that the adults were much more biased

towards visual information than the children were (Dupont et al., 2005).

Sekiyama and Burnham (2008) enlisted native Japanese and English speakers as participants,
who were divided into four age groups in both languages, namely groups of six-years-old,
eight-year-old, eleven-year-olds and. After being presented with syllables in audio-visual (with
congruent or mismatched auditory and visual components), audio-only, and video-only trials
at various signal-to-noise levels, participants were asked to press one of three buttons for a
“ba”, “da”, or “ga” response accurately and without delay (Sekiyama & Burnham, 2008). In
summary, the strength of the McGurk effect was discovered to be adult-like in children over
the age of ten. English-speaking children and Canadian French-speaking children under the
age of ten have a weaker McGurk effect than adolescents and adults, and the degree of the
McGurk effect increased gradually between the ages of four and nine. This increase may be
most noticeable between the ages of six and eight years of age. However, the McGurk effect

remains strong for Japanese speakers even after six years of age.
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Visual articulators, primarily the lips, teeth, and tongue, aid in relaying important aspects of
speech, such as the location of consonant and vowel articulation. Lip-reading combined with
audition allows the listener with normal to comprehend speech more accurately, even when the
acoustic information is undistorted (Summerfield, 1992). Visually impaired infants with
normal hearing, for example, are frequently delayed in acquiring the phonetic differences that
are easy to see but challenging to hear (such as /b/ and /d/). The visibility of the lips allows the
listener with normal hearing to perceive speech more accurately (Summerfield, 1992). In
circumstances of noise or hearing impairments, visual modalities play a complementary role.
This allows individuals with normal-hearing to comprehend speech in conditions with a

degraded signal.

Although the auditory modality is the primary modality for speech perception, the visual
modality also assists in infant language development and improves speech perception accuracy
in children and adults (Bergeson, et al., 2010). Based on the above information we can deduce
that children have a good foundation of exposure from infancy to suprasegmental and
segmental elements of auditory speech which allows them to acquire any language they are

exposed to (Watson, et al., 2014).

2.6 Models of audio-visual integration

The exact stage in which audio and visual information are integrated is vague. The fuzzy logical
model and the Revised Motor theory form the basis of the ideas of how audio and visual

information integrate.

These models can be explained and broken down into three classes. The late integration model
suggests that audio and visual cues are processed individually before integration. The early
integration model however states that audio and visual signals are integrated during perception
and they do not occur separately (Schroeder et al., 2008). van Wassenhove (2013) claims that
the biggest limitation of the early and late models of integration is that they characterize audio-
visual integration as unidirectional and one-dimensional. Following this critique, Zhang et al.
(2018) recommended a hybrid multistage model which argues that audio and visual signals are
processed at both the earlier and later stages. Multistage integration permits the early effects of

visual cues on auditory processing and the integration of lower-level processing outputs at a
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later stage (Zhang et al., 2018). Peelle and Sommers (2015) illustrated the models shown in
Figure 8:

a) Late integration

Iy

Speech signal o — > Lexicon

—> [ | —>

b) Early integration

—>» | Auditory cues >
Speech signal T Lexicon

e Visual cues
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Figure 8: An illustration of audio-visual integration (Peelle & Sommers, 2015)

The above illustration outlines the modes of audio-visual integration. In summary, the early
integration model states that integration takes place during perception, while the late
integration model argues that audio-visual integration takes place after audio and visual cues
are processed. In contrast, the hybrid, multistage poses that integration can take place at an

earlier and or late stage (Peelle & Sommers, 2015).

2.7 Auditory perception

To understand the processes that utilise auditory and visual speech it is important to understand
the use of each modality. The auditory perception is a fundamental aspect of how we perceive
speech. Auditory perception is made up of listening and hearing and includes the detection,
analysis and comprehension of sound. The auditory system modifies acoustic and mechanical
signals into neural signals which results in the perception of a sound (Fuchs et al., 2016;
Litovsky et al., 2010; Moore, 2012). The key elements of auditory stimuli are loudness, pitch
and timbre (Fastl & Zwicker, 2007). Pitch perception occurs because of tonality, harmonicity
and periodicity in acoustic signals. The timbre highlights different properties of sound which
include onset and offset transients and the strength of harmonics. The basic unit of audio speech

is phonemes. Phonemes are the smallest linguistic units that carry meaning.
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With the help of Gestalt principles (Klapp & Jagacinski, 2011) the auditory system breaks
down these units into individual streams. Therefore, when we hear a stimulus it is not the

individual properties such as timbre that we hear but rather the auditory object.

The auditory modality offers L2 listeners with consonant identification cues. The identification
cues include the place and manner of articulation, and voicing. The place of articulation
provides information about the place in the vocal tract where the sound is produced. The
manner of articulation concerns the method in which the airstream is changed when producing
the sound. The voicing relates to vocal fold vibration during speech production. These cues are

the information provided by auditory stimuli.

2.8 What can be understood from visual modality in speech?

2.8.1 Visual cues

The key link between auditory speech and visual cues is the change of shape of the mouth
based on the basal structure of the uttered word (Bahal, 2012). The central purpose of visual
cues is to complement and cross-verify the auditory signal from the speaker (Altieri, 2014;
Peelle and Sommers, 2015). Therefore, visual cues are said to have three essential roles in the
perception of speech. According to Cusak et al. (2004), the first role is that visual signal aid in
localising the speaker, which allows the listener to situate their attention. Second, these cues
play a role in supplying contextual knowledge about the place of articulation (Peelle &
Sommers, 2015). Thirdly, it aids in temporal information about the speech signal, increasing
the accuracy of anticipating the auditory signal (Peelle & Davies, 2012). Lip-reading is
beneficial to the majority of people ranging from those with normal hearing to hearing-

impaired people as it compensates for insufficient auditory cues (Summerfield, 1992).

The benefit of audio-visual modality, however, is largely due to the perceptual weighting of
audio and visual modalities (Hazan et al., 2006). A study that assessed this weighting was
conducted by McGurk and McDonald (1976). Their study explored audio-visual perception
consisting of incongruent stimuli. The stimuli were made up of CV syllables with a stop
consonant (/p/,/g//k//bl) followed by a vowel /a/. The stimuli were then made to be
incongruent which was represented as an audio [ba] with a visual [ga], an audio [ga] with a
visual [ba], an audio [pa] with a visual [ka] and an audio ka with a visual pa. The study included

preschool, primary school and adult participants. The results revealed when the audio was
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[baba] and the visual was [gaga], in the incongruent condition, some stimuli, [dada] was
perceived while with other stimuli such as audio [gaga] and a visual [baba] saw participants
perceive [gabga] (McGurk & McDonald, 1976). These results suggests that audio and visual

modalities of speech influence speech perception.

Using the McGurk effect, various other studies looked into the effect of visual cues on L1 and
L2 contrasts. Studies looking into L1 contrasts (Traunmiiller & Ohstrom, 2007 ), explored
Swedish vowels, while exploration into Japanese syllables was undertaken by Sekiyama and
Tohkura (1991). Their study concerned the perception of L2 contrasts, of Chinese and
Japanese syllables by Chinese and Japanese speakers (Sekiyama, 1997), Hazan et al. (2006)
explored English consonants by Spanish and Japanese speakers while Hazan et al. (2005)
looked at English consonants Spanish learners of English. These studies have shown that L1
and L2 listeners depend on visual information in order to distinguish L1 and L2 speech

contrasts.

Hazan and colleagues (2006) looked at the effects of visual cues on the perception of non-
native consonants. In the first experiment, they used labial (/b/-/v/) and labiodental (/v/) to
understand the perception of English phonemic contrasts. In the second experiment, they made
use of a less visual contrast with /r/ and /l/. Both experiments were tested on Japanese, Spanish
and Korean learners of English. The test took place across three conditions (1) video-only, (2)
audio-only and (3) audio-visual. The results of Experiment 1 showed that participants attained
better scores in the audio-visual condition highlighting the audio-visual benefit while in
Experiment 2, results showed there was no audio-visual benefit for either group (Hazan et al.,

2006).

Based on neuroimaging research, the temporal lobes Herschl's gyrus is located in the temporal
lobe and is responsible for processing acoustic signals together with visual processing areas
which are found in the occipital lobe (Kyle et al.,2013). The posterior superior temporal sulcus
(pSTS) has been linked with the integration of multimodal input such as audio-visual speech
(Kyle et al., 2013). Seeing a talking face would stimulate the visual movement cortex in the
occipitotemporal lobe whilst watching someone talk would stimulate left-lateralized regions
which indicates that articulatory movements are processed similarly to language-specific
movements (Kyle et al., 2013). Spatial resolution does not have to be high to extract useful

visual cues for a face to be seen (Munhall et al., 2004).
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Rosenblum and Saldafia (1996) established that speech perception can be facilitated simply by
a face marked with a single illuminated point at anchor places on the lips and bottom half of
the face. At the suprasegmental level audio-visual speech also facilitates the processing. At the
acoustic level, lexical tones are systemic variations of the fundamental frequency that have the
ability to alter the meaning of a word (Ong et al., 2017). In a study carried out by Smith and
Burnham (2012) with Mandarin Chinese lexical tones, both native and non-native individuals
were able to tell apart lexical tones in both clear and degraded speech conditions. However, the
study revealed that visual cues enabled durational information of the tones. This shows that
together with improving speech perception on various levels (Smith & Burnham, 2012) visual
cues in speech are not confined to language-specific elements and could be useful in L2
acquisition. The present study will make use of a visual-only condition to investigate L2

speakers perception of non-native visual cues.

2.8.2 Effects of visual modality on perception

Unlike the abundance of studies carried out on the auditory modality of speech perception, the
visual modality of audio-visual speech perception has been limited. Adults can tell two
languages apart based on the visual cues available to them alone even in instances when the
two languages share similar properties such as Spanish and Catalan (Mazzaro & Calantoni,
2016). This could be because adults have years of exposure in their native language/es and are
attuned to the visual and acoustic properties of speech. In instances of being exposed to badly
dubbed acoustics, the irregularities between the audio modality and visual modality are evident
to adult speech perceivers, however, long-term exposure to asynchronous speech could result
in adult speakers becoming less sensitive to this irregularity (Navarra et al; 2005). The use of
audio and visual modalities to perceive speech is not restricted to pre-recorded stimuli only.
Rather, adults utilise both modalities to understand auditory speech events (Grant & Seitz,
2000; Ross & Tremblay, 2009). This is particularly the case in noisy environments (Sumby &
Pollack, 1954), when exposed to foreign language (Navarra & Soto-Franco, 2005) and complex

semantic circumstances (Reisberg et al., 1987).

According to Bahal (2012), the main distinction between visual cues and auditory speech is
that the shape of the mouth differs depending on the word's basal structure. It has been
suggested that the primary purpose of visual cues is to cross-check and complement auditory

information (Peelle & Sommers, 2015). It is thought to serve three key roles in speech
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perception Firstly, it aids the process of localising a speaker, which provides an opportunity to
modify listening to correspond with the speaker's location (Carlyon et al., 2001). Furthermore,
it presents extra background, contextual, and environmental information concerning the place
of articulation (Peelle & Sommers, 2015). Lastly, it improves the accuracy of predicting the
acoustic signal by supplying temporal information about the speech signal (Peelle & Davis,

2012).

Munbhall and colleagues (2004) reveal that the visual modalities in speech perception provide
supplementary information that allows individuals to recognise the place of articulation of
phonemes such as /b/ and /d/. In instances where auditory recognition might be ambiguous the
visual modality assists in differentiating phonemes such as /b/ and /w/ in their articulation
(Bernstein et al., 2010). When phonemes are articulated they correlate with particular changes
in the mouth shape which cover the movement of articulators such as the jaw, lip, and tongue
and which account for the visual cues. Some phonemes, however, are difficult to tell apart
visually and can only be distinguished vocally; such phonemes in English are /p, b, m/ and /d,
t/ (Liedstam et al., 2006; Martony, 1974). These phonemes are all bilabial consonants and share
different properties acoustically. However, they look similar visually (Brahme & Bhadade,

2016; Mattheyses et al., 2013).

Phonemes that share similar visual movements are known as visemes (Fisher, 1968). A viseme
can be described as the visual representation of a group of phonemes. Visemes have been
studied extensively in various languages such as English (Bozkurt et al., 2011), German
(Mattheyses et al., 2013), Italian (Cosi et al., 1996), French (Mahdi et al., 2008) and Swedish
(Nasir et al., 2020). However, only limited research into isiZulu viseme classification has been
carried out. An isiZulu viseme classification would be able to highlight speech sounds that look
the same visually, such lip reading. The above information shows that visual information in

speech perception can be complementary to the perception of speech.

2.8.3 Lip movements in speech perception

A key element of audio-visual speech concerns the time of articulatory cues and the equivalent
auditory cue. Articulatory movements dominate the acoustic cues for a listener. Therefore, it
can be said that visual information is seen before the auditory output is heard even though both

modalities are integrated into one occurrence.
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All elements of speech (including smaller units of units of speech such as phonemes or large
units such as words) can be recognised visually (Bernstein & Liebenthal, 2014). However, the
occurrence of using visual modality alone to identify speech may differ greatly among
individuals (Bernstein & Liebenthal, 2014). Phonemes which sound similar can be identified
in the audio modality owing to the different acoustic properties in voicing, place and manner
or articulation. An example of this can be seen in the syllables /pa:/ and /ba/ (Peelle &
Sommers, 2015). These two syllables share a manner of articulation as they are both plosive.
However, the difference in these two syllables is noted when /pa:/ is voiceless but /ba:/ is voiced
this indicates that the syllables sound different. However they belong to the same viseme group
indicating that from a visual perspective, them might seem very similar to each other. Therefore
we can identify a disadvantage in the visual-only modality as it cannot transfer important
properties such as the vibration of the vocal cords. Rather it only provides information on the

place of articulation (Sekiyama, 1997).

2.8.4 Variation in lip reading

An individual’s lip reading ability may vary owing to a range of circumstances. People with
congenital hearing loss may possess better lip-reading abilities because of their dependence on
visual information. Information in speech including phoneme units and words can be

recognized visually (Bernstein & Liebenthal, 2014).

Bernstein and colleagues (2000) carried out a study which contrasted the ability of people with
normal hearing and people with impaired hearing to recognise words and sentences (Bernstein
et al., 2000). Adults with hearing impairment outperformed adults with normal hearing in both
tasks. This reveals that there is a variation in lip reading ability in adults with normal hearing
versus those with a hearing impairment. Although the above study (Bernstein et al., 2000)
reported that adults with hearing impairment were competent lip-readers the majority of
participants were not able to accurately recognise phonemes. Using the foundations of the
latter study Auer and Bernstein (2007) used a large sample size and concluded that hearing-
impaired individuals recognized 43% of words in sentences compared to normal-hearing
individuals who only recognised 18% of words in sentences. However, it should be noted that
the lip-reading ability depends on the complexity of the stimuli presented (Altieri et al., 2011;
Tye-Murray et al., 2014).
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Lip-reading assists people in word recognition. A study comparing three different conditions-
an audio-only condition, an audio-visual condition and a condition, where the speaker’s mouth
was covered revealed that English L1 speakers benefited the most in the audio-visual condition
whilst the lowest word identification was in the audio-only condition (Aubanel et al., 2016).
Studies have shown that visual cues increase word identification. Similarly, the study of
Drijvers and Ozyiirek (2017) study concluded that articulatory gestures assist with word
comprehension in L1 listeners. In addition to the above-mentioned advantages, gazing at the
articulatory gestures from speakers decreases lexical competition which contributes to word
recognition. Cunillera et al. (2010) state that audio-visual input enhances segmentation when
the visual and auditory information components are provided simultaneously. However perfect

synchronisation is not necessary.

Being able to recognise speech from a visual modality alone differs greatly between individuals
(Bernstein & Liebenthal, 2014). Studies showed that listeners with normal hearing and hearing
impairment were able to recognise speech sounds in quiet conditions (Gatehouse & Gordon,
1990; Liu & Zeng, 2006; Ross et al., 2011). However, the extent to which individuals can
recognise speech sounds from a visual alone is where the variation lies (Bernstein &

Liebenthal, 2014).

Numerous cognitive skills have been linked with lip-reading including working memory and
processing speed of verbal and spatial information (Feld & Sommers, 2009). The study carried
out by Feld and Sommers (2009) concluded that younger adults were more proficient in lip-
reading sentences compared to older adults as they had quicker processing speed and better
working memory. Similarly, the effect of gender on lip-reading abilities has also been studied
and has yielded inconsistent evidence. A study carried out by Dancer et al. (1994) as cited by
Tye Murray et al., 2007 stated that females had better lip-reading abilities than males however
further research revealed that this evidence was conflicting as gender did not greatly affect lip-
reading capabilities (Auer et al., 2007). This shows that the true capabilities of visual
information on speech perception have not been fully explored. Understanding the true effect
of visual modalities on speech perception is essential, particularly in non-native speech

speakers.

Although visual cues are important, it is important to realize that visual modality alone has

limited use in speech perception (Stacey et al., 2016). The study carried out by Grant et al.
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(1998) showed that in a visual-only condition, the identification of sentences ranged between
0% to 20% while audio-visual scores ranged between 23% and 94%. For the audio-only
condition, scores ranged between 5% and 70% in the audio-only condition. This shows that in
order to access the visual advantages of speech a significant amount of auditory information is

needed to enable understanding of the visual cues (Grant & Seitz, 2000).

It is understood that the L1 of a speaker will affect the visual interpretation of English vowels
(McGuire & Babel, 2012). Visemes are classified based on the phonemes they portray.
Pattamadilok and Sato (2022), provided the following visual to illustrate the visemes and their

relevant phoneme (See Figure 9).

o/
Figure 9: An illustration of visemes and their relevant phonemes (Pattamadilok & Sato, 2022)

2.8.5 Visual speech in quiet environments

Research has shown that in a quiet environment people have a performance advantage when
introduced to congruent auditory and visual information. Studies have also revealed that
people’s performance shows improvements when they can see the talker’s face (Reisberg et
al., 1987). The results of other studies (Arnold & Hill, 2001) corresponded and show that a
person is advantaged when they can see a person can see a speaker’s face rather than simply
hearing the auditory voice. This verifies the above studies in showing that listeners do indeed
benefit from visual cues presented to them particularly when the need for language
comprehension is more strenuous. Therefore, visual cues serve to aid in the perception of
speech as aids in processes such as phoneme recognition. Other studies, however, have yielded
results showing that visual cues do not greatly impact the perception of speech. In the study by
Jesse et al. (2000), although participants had better results in the identification of sentences in
the audio-visual modality compared to the auditory-only modality there were no crucial

differences (as the perception was generally high). However, Jesse et al. (2000) stated that no
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crucial difference could be due to task difficulty, increasing the task difficulty could have

yielded different results.

A study by Erdener and Burnham (2005) also showed that speakers of different languages such
as English, French and Spanish were better at recognising syllables in an audio-visual condition
compared to an auditory-only condition. Some studies have demonstrated that (compared to
audio-only stimulus) the multi-modal use of audio and visual modalities improves the ease of
listening (Arbona et al., 2023; Zhyrun, 2017). Other studies have revealed that visual
modalities can supplement audio speech cues (Ginther, 2002). This shows that visual cues
provide supplementary information to listeners when perceiving language and that visual cues

do not go unacknowledged in the perception of speech.

2.8.6 Variation of visual modality usage in perception

The native language of a speaker may also affect the extent to which they make use of visual
cues. It has been argued that when adults converse with one another they appear to concentrate
on their social partner’s eyes which provides them with social cues (Birmingham et al., 2008).
However, when speakers are met with obstacles in their audio-visual speech (such as
ambiguities) they tend to focus on the talker’s mouth (Lansing & McConkie, 2003). A study
by Sekiyama and Tohkura (1993) revealed that Japanese speakers made limited use of visual
cues. This is despite Hardison (2003) concluding that Japanese speakers were affected by the
McGurk effect. Similarly, Yehia et al. (2002) maintained in their study that obstacles such as
noise resulted in listeners fixating on the speaker’s mouth which promoted speech processing.
Lansing and McConkie (2003) influenced the auditory cues in their study through changes in
volume and studied the listener’s comprehension while recording their eye gaze. When the
speech was silent, the listener gazed at the speaker’s eyes however, when the speech was
influenced by noise they gazed at the mouth of the speaker. In a study carried out by Thompson
and Malloy (2004), it was found that older adults (aged between 65 and 75 years) had a greater
dependence on visual features as it compensated for slower perception owing to factors such

as hearing loss.

Hazan and colleagues (2006) looked at Japanese and Korean participants who were learners of
English on the /1/-/r/visually salient contrast. There was no major visual benefit noted for either
group. However, the Korean participants’ audio and audio-visual results were better than the

visual results while Japanese participants noted poor results across all three conditions (audio,
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visual and audio-visual). These results reflected the L1 of the speaker and the salience of visual

cues in L2 contrasts.

More recently, studies have shown that people alter their attention based on the task they need
to carry out. For example, for the need to read emotions the speaker’s eyes will be the main
point of fixation, while to read noise, a speaker’s mouth will be the main point of fixation
(Buchan et al., 2008). Lusk and Mitchel’s (2016) study exposed participants to an artificial
language through an audio-visual modality. Their study concluded that as familiarity grew with
new words the listener decreased their attention to the mouth. Barenholtz et al. (2016) looked
to see whether auditory sentences matched with audio-visual sentences participants heard in
both their native and non-native languages. The results revealed that attention was overall
placed on the speakers mouth and the fixation on the mouth increased when in the non-native
stimulus (Barenholtz et al., 2016). The information above (2.7.6) discusses how individuals

vary their fixation on the visual cues presented to them during different speech conditions.

2.9 Audio-visual perception

Lewkowicz & Ghazanfar (2009) researched the development of audio-visual speech
progressing from lower- to higher-level cues. They found that as children develop, their
perception and processing of perceptual cues improve. At the lowest level, audio-visual speech
is recognised by concurrent on and offsets of auditory and visual attributes. It is at the higher
levels where categorical amodal characteristics exist. Examples of these include the talker’s

gender.

Communication of speech most frequently occurs face-to-face. In this way, visual cues are
paired with speech, which is then available to the listener, these visual cues carry several
benefits (Girin et al., 2001) as they are resistant to acoustic noise. Similarly, these visual cues
notify the listener of the precise temporal onset of speech sounds. This is helpful in
informational masking as it permits the listener to centere on the speech sound that is matched
with the onset of visual speech production (Macalusoet al., 2004; Vatakis & Spence, 2006).
Lastly, visual signals supply basic phonemic clues of speech sounds. Various authors have
reported that a large number of consonants and vowels can be identified based on the shapes

of speech articulators that are needed to produce the sound (Schwartz et al., 2004).
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Audio and visual aspects of speech, such as rhythm and intensity share certain attributes.
However, other aspects also link them. This means that some visual articulatory gestures
correlate with certain acoustic features. The glimpse of the mouth opening the vocal articulators
(tongue, teeth, lips, palate) and the narrowing of the vocal tract, are linked to the acoustic
structures of vowels. When the mouth closes and the articulators limit the flow of air in the
vocal tract can be linked to another acoustic property of consonants. However, this link extends
beyond the above explanation. Mouth aperture for example affects aspects including the range
frequencies, with high spectral peaks giving vowels with their specific attributes. However, the
capability of accurately perceiving speech sounds through visual stimuli differs according to
the environment that the perception occurs. A study revealed that young adults with no known
hearing impairment had roughly 50 % accuracy of perception (Summerfield, 1992).
Nevertheless, these young adults continue to utilise contextual information together with

speech reading which enables improved speech perception (Matthews et al., 2002),

The process of understanding which modality is perceived first and at which state the
perception occurs saw the development of various theoretical frameworks (Peelle & Sommers,
2015). Massaro (1989), introduced the fuzzy logical model of perception. This model reveals
that audio and visual modalities at the beginning are perceived individually at the beginning
and are then combined at a later stage. Previous integration models highlighted that the auditory
and visual signals link at the beginning processing stage and that perception occurs from
premature experience in a language (van Wassenhove et al., 2007). However, recent studies
proceeded to put forward a fused approach combining various integration stages (Peelle &

Sommers, 2015).

The analysis-by-synthesis method was produced through the work of Hallé and Stevens (1962).
This method argues that incoming speech input is diligently analysed through synthesising the
production process based on stored phonemic representations. Another model was built from
the natural dynamics of speech stating that the visible articulatory gesture comes before the
acoustic signaling (van Wassenhove et al, 2007). This model states that visual input forms a
projection which is examined against the acoustic cue. When the visual is highly salient, it
authorises a secure prediction concerning the forthcoming acoustic cue. Therefore, visual input

speeds up the perception process and makes it easier to recognise phonemes in speech when
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the visual and auditory information in the speech signal are congruent and within the acceptable

desynchronisation time range.

2.9.1 The development of audio-visual integration

Audio-visual integration occurs at the merging of auditory signals and visual cues such as lip
movement which form a well-organized representation. The time at which the integration of
audio-visual cues is learnt is divided into two perspectives. The first perspective accounts for
audio-visual integration that is present in an infant (Aldridge et al., 1999; Bahrick et al., 2005;
Kuhl & Meltzoff, 1996; Patterson & Werker, 2003), while the second perspective refers to
audio-visual integration, evolves throughout an individual’s life through learning and
experience (Bejjanki et al., 2011; Jansen et al., 2013; Ross et al., 2011; Sowell et al., 2004).
While the majority of studies substantiate for the latter perspective, this evolution, however,

remains unclear.

The vagueness of the development of audio-visual perception has resulted in the development
of behavioural and neural studies (including electrophysiological methods and functional
neuroimaging). Evidence supporting the idea that audio-visual perception is present in infancy
has been based on both behavioural and neurological research. Patterson and Werker (2003)
made use of isolated vowels to show a link between auditory and visual structures and
established that children as young as two months of age can match up phonetic vowel details
with the accuracy of articulation through facial presentation. Contrasting evidence shows that
visual articulatory speech has a limited effect on speech perception in school-aged children

(Jerger et al., 2009).

To add to this research, neural studies were conducted which observed the cortical anatomy in
the perisylvian language area and found that this cortical area went through an extended
developmental path suggesting that audio and visual systems evolve over time (Sowell et al,
2004). The findings from Sowell et al., (2004) were expanded by Jansen et al. (2013) who
found that a completely developed audio-visual integration relies on factors such as vision and
cognition. The findings from the author’s study (Jansen et al., 2013), disclosed that in
developing adults these factors are fully developed. In comparison, observations on developing
children showed that even though their visual and auditory modalities are accounted for their

brains continue to develop revealing that the fusion of modalities is incomplete. This evidence
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shows that the neural connections of audio and visual pathways do follow a developmental

pathway.

To our knowledge, the only study that examined the attention of native and non-native speakers
was carried out by Barenholtz et al., (2016). Their study highlighted that people concentrated
most of their attention on a speaker’s mouth during the perception of their native speech
however, the fixation time on the mouth increased when participants were exposed to non-

native speech cues.

2.9.2 The perception of connected speech

Owing to various reduction procedures that occur frequently in speech, casual speech with
pronunciation variations and ambiguities presents a greater listening challenge to non-native
listeners than precisely pronounced speech (Broersma & Scharenborg, 2010). The authors
(Broersma & Scharenborg, 2010) assert that native English speakers adhere to the simplicity
of articulation principles in which distinctions between segments (consonants or vowels) are
kept to a minimum. As a result, connected speech is mostly composed of reduced forms in

which sounds are deleted or changed.

Examples of connected speech include the phonological process of assimilation (changing
sounds to complement neighbouring sounds, elision (the deletion of sounds), and contraction
(the compression of word forms). Non-native learners face difficulties with these reduced
forms, particularly when their first and second languages do not share similar properties in
reduced variants of pronunciation (Mitterer & Tuinman 2012). This difficulty has
however mostly been demonstrated in a noise-free laboratory setting (Gaskell & Snoeren,
2008; Mitterer & Tuinman, 2012) and has received minimal attention in less ideal listening

conditions such as multi-talker noise.

Listeners frequently face unfavourable listening conditions in everyday situations, in which
auditory, acoustic, or linguistic signals relevant to speech recognition are deteriorated or are
completely lost. These settings impair speech perception in native English speakers, but they
are even more challenging for non-native English speakers. Identifying the impact of these
unfavourable listening conditions on speech perception is critical for improving the

effectiveness of second language-connected speech perception (Vlasenk et al., 2012).
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2.9.3 Audio-visual illusions

To gain a better idea of how our senses work alongside each other, it is useful to determine
what influences the perception of audio-visual illusions. In their review study, Shams and Kim
(2010) observed in a review that vision is frequently regarded as the dominant sense. This was
evidenced by various academic articles as outlined by (Shimojo, 2001). However, the factors
that determine which senses outperforms other senses are not fully understood. Whether audio
vision predominates is context-dependent (Walker & Scott, 1981) and can vary depending on
the task demands (Robinson et al., 2016). Walker and Scott (1981) discovered that when an
auditory stimulus (tone) was presented separately from a visual stimulus (light), the tone was
perceived for longer than the light. When the tone and light were presented simultaneously, the
light was perceived for the same duration as the tone when it was presented alone. This suggests
that the duration of auditory stimuli influenced the temporal decisions of the visual stimuli.
Similarly, it was found that if one modality was degraded during the perception process, a
person could shift the modality to the more reliable one which would potentially influence

perception.

2.9.4 Context and audio-visual integration

Another factor that may influence audio-visual speech perception is the situation in which
perception occurs. When presented with additional contextual information, the perception of
spoken signals improves phonologically, lexically, and grammatically. Listeners, for example,
use visual information more effectively when it is presented alongside a meaningful utterance
than when it is presented together with a nonsensical one. Furthermore, Van Engen et al.
(2014) revealed that when the recognition of semantically normal and anomalous sentences
was studied with four types of auditory masking, the semantic context was beneficial across all
types of maskers (via both auditory and audio-visual modalities). However, the developmental

effect of context usage on audio-visual speech perception has not been thoroughly researched.

2.9.5 Non-speech audio-visual illusions

Speech perception evolves throughout life, and grows, and matures from childhood

to adulthood (Burnham et al., 1991). In everyday life, multisensory information from an
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individual’s surroundings assists in forming a coherent perception of the world. Visual and
auditory information, in particular, often convey consistent information; for instance, when an
individual is playing tennis and simultaneously hears the ball hit a racket. A perceptual illusion
can occur when incongruent information from different modalities is presented simultaneously.
This was demonstrated in the sound-induced flash illusion, in which viewers perceive a single
flash of light as a double flash if it coincides with two auditory beeps (Shams et al., 2000).
Similarly, auditory perception can also be hampered by visual information. These findings have
sparked debate about the nature of the brain's sensory pathways and how multisensory
information combines to produce unified perspectives. Since other modalities can influence

sensory pathways, they can be cross-modal (Shams & Kim, 2010; Shimojo, 2001).

2.9.6 Incongruent audio-visual speech in children

Infants are also responsive to the correlation of auditory and visual speech, and this was noted
in infants’ ability to match heard and seen vowels (Kuhl & Meltzoff, 1984; Patterson & Werker,
2003).

Kuhl and Meltzoff (1996) conducted a novel study which had 4-5-month-old infants as
participants. These infants were exposed to side-by-side videos of faces with no audio
articulating English vowels / a/ and /i/. At the same time, infants were exposed to a stream, of
auditory signs made up of either / a/ or /i/. Results showed that infants looked for a longer time
at the face articulating the matching vowel compared to the face displaying the incongruent
vowel. These results served as evidence that infants are responsive to the correlation that exists
between auditory and visual cues of speech and that this responsiveness may be prevalent much
earlier than originally thought. After the results of this study, Patterson and Werker (2002)
recreated the above study using two-month-old infants who similarly displayed strong

responsiveness to the match of visual and heard speech sounds in their L1.

Based on the results of the above findings, later research studies concluded that infants could
not only match heard and seen speech in their native language but also in languages they are
unacquainted with. Asserting that infants could match heard and seen speech of sound contrasts
not found or are insignificant in their native language. This was seen in the non-canonical

bilabial trill /B/consonants that 8-month-old Japanese infants could match even though it is not
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present in their speech sound reserve (Mugitani et al., 2008). Similarly, in English speech
sounds of the voiced labiodental fricative /v/ and voiced bilabial stop /b/, Spanish-learning
infants were able to match the heard and seen signals of this sound even though it does not
appear contrastively in Spanish (Skoruppa et al., 2009). These studies reveal that even in
infants who lack language experience, audio, and visual modalities aid in the perception of

speech.

Through their early months, infants experience particularly informative sensory cues
(Lewkowicz, 2006). Infants have to combine both auditory and visual modalities to help shape
their language background which allows them to comprehend (Mazzaro et al., 2016; Pons et
al., 2015). Based on available research it is difficult to avoid the benefit visual features bring
to speech perception. Amongst their benefits, visual signals operate as an amplifier of auditory
speech as they aid in the salience of speech and supply necessary audio-visual information
(Campbell, 2007). Thereafter, visual information present to infants such as the talker’s face
allows them to acknowledge their social partner’s purpose (Tomasello & Carpenter, 2007).
Lastly, exposure to talkers’ faces might assist infants to imitate which could lead to assistance

in speech production (Messum & Howard, 2015).

2.10 The McGurk Effect

The auditory and visual effect is best defined by the “McGurk Effect” (McGurk & MacDonald,
1976). This well-documented widely known phenomenon was researched by the latter authors
(using over 40 years of research) to investigate audio-visual integration in speech perception
(Rosenblum, 2019). The phenomenon demonstrated how auditory and visual modalities could
combine content to form a unitary percept (Tiippana, 2014). McGurk and MacDonald (1976)
observed 'the McGurk effect, whena face articulating the syllablg [ga] was presented
alongside an auditory /ba/ syllable. Participants in that study revealed that they perceived it as
the syllable /da/, resulting in two conflicting cues. The response of /da/ to visual [ga] and
auditory /ba/ is known as fused perception, and it has received significant attention (Green,
2013). In addition to the fused perception, the McGurk effect includes an additional perception
known as the combined perception (Green & Gerdeman, 1995). This combined perception

occurs when the presented stimulus is visual /ba/ with auditory /ga/ and the response is /gba/.
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Several research studies have discovered that the McGurk effect is comprehensive in a variety
of capacities. The McGurk effect can be detected in both consonants and vowels (Traunmiiller
& Ohrstrom, 2007; Valkenier et al, 2012). Traunmiiller and Ohrstrém (2007) discovered that
when the auditory syllable /geg/ was combined with the visual syllable /gyg/, the Swedish high
unrounded front vowel /e/ was perceived as the high rounded front vowel /g¢/. When audio-
visual incongruent vowels in Dutch were presented to Dutch speakers. Valkenier et al. (2012)
discovered through the McGurk effect that the unrounded high vowel /I/ was perceived when
the auditory rounded mid-high vowel /Y/ was synchronized with the visual unrounded mid-

high vowel /e/.

Aside from segmental features, studies (Zhang et al., 2019) discovered that the McGurk effect
in lexical tones which are suprasegmental however, the effect of visual information is
minimal. Zhang et al. (2019) created sensory inputs with incongruent tonal auditory and tonal
visual cues. Using both the response time paradigm and event-evoked potential methodology,
Zhang et al. (2018) discovered that adding visual information of corresponding articulatory
movement improves lexical tone perception and that incongruent visual information changes
the duration perception of lexical tones. Another example of the McGurk effect’s reliability is
that it is an automatic and involuntary process that is unchanged even when participants are
told that visual and auditory inputs are incongruent (Zhang et al, 2018). Sekiyama and Burnham
(2008) proposed two methods to study the development of audio-visual speech processing, one

of which is the “differential experience method” and the other is the “ontogenetic method”.

The 'differential experience method' is used to investigate the McGurk effect across languages,
while the 'ontogenetic method' is used to analyze it across developmental stages. The

differential experience method looks into:

“Individuals of the same age brought up in functionally different environments on a
common task to investigate the effect that the type of exposure or experience may have
on development, whereas the ontogenetic method looks into comparing the abilities of
individuals of different ages brought up in functionally identical environments on a
common task to investigate the amount of experience or maturation on development"

(Sekiyama & Burnham, 2008).
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Tiippana et al. (2014) discuss the issue of defining the McGurk effect in a review, asserting
that it may be challenging to determine the prevalence of the McGurk effect owing to the
various definitions used by different studies (Tilppana et al., 2023). The fusion response is
thought by some to be the true McGurk effect because it produces a third or different syllable
than the auditory or visual syllables. This definition, however, excludes other syllable
combinations that produce a blend of auditory and visual information, such as /bga:/. Tiippana
(2014) proposes the classical definition, in which an individual reports anything other than the
auditory percept because this definition accounts for all McGurk syllable combinations
(McGurk & MacDonald, 1976), which means that all incorrect auditory syllable responses are

counted as an illusory effect.

The robustness of the McGurk effect has also been demonstrated in different conditions, such
as with changes in auditory or visual cues (Campbell, 2007). Although the McGurk effect is
robust in the aforementioned aspects, there is no concrete understanding of whether the
McGurk effect is (1) robust across developmental stages and (2) across languages. Individuals
who were tested in the original study carried out one test followed by the next stage of the
study carried out two months later (Strand et al, 2014). A year later it was concluded that the

McGurk effect was prevalent at both stages (Basu-Mallick et al., 2015).

There have been minimal studies on the relationship between the McGurk effect and connected
speech. The majority of studies have focused on this relationship solely in laboratory settings
and have not tapped into its effects in various adverse environments. This study will aim to

further explore the effects of speech perception in various conditions in bilingual individuals.

2.10.1 Stimuli used in previous McGurk studies

The stimuli used in different studies with the McGurk effect as the framework utilised different
stimuli. The original McGurk (1975) study made use of English /ba/, /ga/, /pa/ and /ka/
syllables. Sekiyama (1997) and Sekiyama and Tohkura (1993) used ten syllables in English
and Japanese which consisted of /ba/, /da/, /ga/, /ka/, /ma/, /na/, /pa/, /ra/, /ta/ and /wa/. These
syllables were used to create 100 stimuli and were used for both Japanese and English

participants. In another study, audio-visual stimuli were used to create audio /apa, aba, ata, ada,
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ama, ana/ which was integrated with visual /ata, ada, apa, aba, ana, ama/ (Vroomen & de

Gelder, 1995).

These stimuli were used in studies consisting of Dutch and Cantonese participants. Thereafter,
Chen and Hazan (2009) produced three incongruent stimuli made up of an auditory-[ba]/visual-
[ga] and auditory-[da]/visual-[ba] and an auditory-[ga]/visual-[ba] used in both Chinese and
English participants. From these studies, it can be noted that syllables made up of an open
vowel /a/ and either a bilabial, alveolar or velar stops are the most popular stimuli sets in studies
using the McGurk Effect as its foundation However when there is incongruency in the native

language in the stimuli and the L1 of the participant the “non-native speaker” effect occurs.

2.10.2 Differences between McGurk effect studies

Apart from different stimuli being used when studying the McGurk Effect, there have been an
array of different research designs regarding to the number of participants used and the age
groups who participated. Earlier studies such as Sekiyama (1997) and Sekiyama and Tohkura
(1991, 1993) made use of small participants sample sizes ranging with few (10-20) participants.
However, this was criticized by Magnotti et al. (2015). The latter author instead used 162
Mandarin speakers native to China and 145 English participants from the United States of
America (USA). The majority of studies made use of between 18 and 24 participants from a
particular language group (Chen & Hazan, 2009, Vroomen & de Gelder, 1995). Magnotti et al.
(2015) made use of groups aged between 14 and 23 years of age for the Chinese group while
the English groups aged ranged between 18 and 26 years of age . Pearl et al. (2009) argued that
adolescents carried out the tasks more effectively than adults did. This shows that is important

to have a large age range across the study (Pearl et al., 2009).

2.10.3 The McGurk effect across various languages

The initial study which used the McGurk effect was carried out among English speakers and
has since been well-studied in the English language (Sekiyama, 1994). Studies revealed that
English speakers tend to rely more heavily on visual information compared to Japanese
speakers (Sekiyama & Burnham,, 2008). Sekiyama also formed the fundamentals of the
McGurk effect in Japanese (Sekiyama, 1997; Sekiyama & Burnham, 2008; Sekiyama &
Tohkura, 1991; Sekiyama & Tohkura, 1993). The author states that L1 Japanese speakers had
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less dependence on lip reading compared to English speakers even in instances when the
Japanese participants were introduced to non-native cues. Researchers argue that reliance on
visual information a result of differences in linguistic properties as Japanese is not as
phonologically complex as English as it contains fewer vowels and consonants and no
consonant clusters (Sekiyama & Burnham, 2008; Sekiyama & Tohkura, 1993; Tona et al.,
2015). Other research studies assert that the differences are cultural as Japanese speakers are
likely to avoid looking at a speaker (Sekiyama, 1997; Sekiyama & Tohkura, 1993; Sekiyama
& Tohkura, 1991).

Based on these findings researchers looked into Chinese participants who have common
cultural practices as Japan. Chinese participants recorded a weaker susceptibility to the
McGurk effect compared to the Japanese participants despite these cultural similarities. The
reliance of the Chinese participants on lip-reading was lower than that of L1 Japanese speakers
(DeKeyser & Preito Botana, 2014). The latter authors declared that this result is largely owing

to lexical tones in Mandarin and Cantonese (Dorado Solarte, 2023).

Regarding tonal differences in various studies, Sekiyama et al. (2003) stated that participants
with tonal languages (languages that rely on pitch) will depend more heavily on auditory cues;
therefore the McGurk effect may not be presented as effectively. This is because speakers of
tone languages do not depend as much on visual cues to categorize lexical meanings (Sekiyama
& Burnham, 2008). The study by Han et al. (2020) revealed that there is a slight McGurk effect
in tone languages. However, this does not contest that a strong McGurk effect may not be

elicited in tone languages that possess a bigger array of vowels and consonants.

2.10.4 Theoretical explanation of the McGurk effect

Earlier theories of speech perception such as Diehl (1987) stressed the auditory modality and
downplayed the role of the visual modality in speech perception. The theories listed below will

aid in understanding the effects of the visual modality in perception.

2.104.1 The fuzzy logic model of perception

The Fuzzy Logical Model of perception places importance on decoding the acoustic signal and
can therefore be classified as an auditory model of speech. This model argues that speech

perception is not reserved for human begins therefore there is no difference when people
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process speech or other sounds (Massaro, 1983). A study was carried out that used audio-visual
stimuli on a continuum from [ba] to [da]. Response times were recorded to evaluate the speed
of the decision. The study found that response times were slower when the auditory and visual
information was incongruent compared to when it was congruent. This showed that when
presented with ambiguity the processing time was prolonged. This indicates that each modality
is processed separately but side by side and that the combination of the audio and visual

modalities takes place later (Massaro, 1983; Massaro & Cohen, 1983).

2.104.2. Revised motor theory

Originally known as the “motor theory of speech perception” (Liberman et al., 1957), the
“revised motor theory” (Liberman & Mattingly, 1985) argues that the motor commands needed
for producing speech are also used for perceiving speech. This theory highlights recognising
the particular cues of the talker rather than the auditory cue. This model describes the illusion
of the McGurk effect as confirmation speech perception requires decoding gestures. In general,
this theory argues that speech is bimodal rather speech perception depends on the coming

together of audio and visual information at an early stage which results in a particular gesture.

2.10.5 Limitations of the McGurk Effect

There have been general ideas relating to whether the McGurk effect draws on the processes
of integration which are necessary for speech communication. These ideas have also related to
whether the McGurk effect was the best way to approach integration (Alsius et al, 2018). Some
studies argue that McGurk effect responses could be due to ambiguous input rather than an
audio-visual fusion (Gonzales et al., 2021). Other studies have argued that a McGurk response
should be linked to an illusion that only exists under particular tasks and conditions (Getz &
Toscano, 2020). Hence, individual contrasts in the McGurk Effect among normal-hearing

participants could be a result of audio-visual fusion, visual-only encoding or both.

Differences in McGurk’s responses in studies could therefore be attributed to the age of a
population or lip reading abilities and can be seen in the variation of responses as the benefit
from visual speech is dependent per person (Sommers et al., 2005; Van Engen et al., 2022).
Similarly, audio-visual perception has been known to vary among various clinical populations
ranging from autism spectrum disorders to language development disorders (Irwin & DiBlasi,

2017). However, it is known that the stimuli presented can affect susceptibility to the McGurk
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effect, therefore concepts such as the speaker used in the video and the video quality etc could

all influence how the McGurk effect is perceived.

2.11 Speech perception in the L2

Second language acquisition is used to describe any language that is learnt after an individual
has learnt their home language (L1) (Makina & Lephalala, 2010; Saville-Troike & Barto,
2017). The process of Second Language Acquisition is made up of three stages: the initial state,

the intermediate state and the final state (Troike, 2006).

The initial state, L2 learning is distinguished by the use of the L1 knowledge, world knowledge
which can serve to either assist or interrupt L2 development. The intermediate state is described
by the transfer of L1 knowledge to L2 learning and development. The intermediate state starts
when a speaker begins to transfer meaningful communication in the L2. The final state can be
described as a continuation of the intermediate state which follows either interference or
fossilization. Fossilization can be described as the period in which the L2 speaker cannot

achieve native competence in the L2 (Wang, 2022).

Various studies have shown that a person’s L1 phonemic inventory shapes how L2 speakers
process visual input. This was shown by Werker et al., (1998) where French participants
mistook the interdental fricative /d/ for /d/ or /t/. This indicated that L2 speakers alter their
concepts based on the phonology of their L1 (Werker et al., 1998). A study which included L1
Spanish participants learning English introduced participants to stimuli which varied visually
such as /b/ and /v/ and those that didn't vary visually such as /p/ and /b/ (Thompson & Hazan,
2010). The study determined that at the beginning stage of language acquisition L2 speakers
are not as reactive to visual cues as late language learners. Moreover, the study noted that
stimuli such as /b/ and /v/ which have allophonic descriptions in Spanish cannot be

differentiated as easily as two sounds with phonetic descriptions (Thompson & Hazan, 2010).

A further study showed that L2 Spanish speakers of English produced limited errors with
regard to the identification of manner and place of articulation when visual cues from lip-
reading were accessible. In general, it is understood that perceiving unfamiliar sounds in the
L2 is more strenuous compared to perceiving L2 sounds that also exist in the L1 (Hommel,
2018; Wang et al., 2008; Wang et al., 2009). In a study carried out by Tayler and colleagues,

it was noted that when recognising fricatives Spanish participants utilised similar approaches
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as English L1 participants whereas Dutch participants utilised a different approach showing
that languages which share similar phoneme inventories allow for individuals to use similar

strategies in sound recognition (Tyler & Cutler, 2009).

The extent to which L2 speakers rely on visual cues during speech perception is also based on
attributes such as the number of phonemes and the role of suprasegmental features such as
lexical tone. This was seen in Sekiyama (1997) study which saw that L1 Japanese speakers had
to differentiate a limited number of phonemes in contrast to L1 English speakers meaning that
L1 English speakers may rely more on visual cues. Similarly, if a speaker has a tonal L1 they
might rely more on an auditory modality as it contains greater information in Sekiyama (1997).
Therefore the speaker’s L1 and the methods they employ in their L1 perception may affect

their learning strategies in the L.2.

2.11.1 Speech perception in noise

Due to the reduction processes that occur frequently, casual speech with pronunciation
variations and ambiguities present a greater listening challenge to non-native listeners than
carefully pronounced speech (Broersma & Scharenborg, 2010). The authors assert that native
English speakers adhere to a convenience of articulation principle in which differences between
segments (consonants or vowels) are kept to a minimum (Broersma & Scharenborg, 2010). As
a result, reduced forms of connected speech are prevalent, wherein sounds are deleted or
changed. Assimilation, contraction, and elision are common examples of connected speech
phonological processes. Bilingual learners may face difficulties with these reduced forms,
particularly when their first and second languages do not hold common characteristics in
reduced variants of pronunciation (Mitterer & Tuinman, 2012). This challenge has mostly been
evidenced in noise-free laboratory settings (Mitterer & Tuinman, 2012) and has received

minimal focus in less ideal listening conditions such as multi-talker noise.

Listeners in everyday situations face unfortunate listening conditions in which auditory,
acoustic, or linguistic signals pertinent to speech recognition are degraded or completely lost.
Conversations in noisy environments, for example, are difficult as multiple background talkers
create competing speech signals. These settings impair speech perception even in native
English speakers, but they are even more complex for non-native English speakers (Dietz et

al.,2011).
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Characterizing the impact of these unfavourable listening conditions on speech perception is
critical for improving the validity of second-language-connected speech perception (Vlasenko
et al., 2012). The existing literature on non-native perception of English speech under
unfavourable listening conditions has primarily focused on additive noise, which includes
energy from other sound sources (Liu & Shi, 2019). Listeners in a noisy environment must

distinguish between competing noise signals to identify speech targets (Liu & Shi, 2019).

2.11.2 Uncertainty in audio and visual cues

Two experiments studied whether CV syllables to understand which phonemes created the
most confusion in audio-only (Miller & Nicely, 1955) and visual-only conditions (Walden et
al., 1977). The basis of both studies was formed around hierarchical cluster analysis that shows
similarities between consonants through a correlation tool. The main findings of the study were
that uncertainty among English consonants varies between auditory and visual perception. For
example, the phonemes /b/ and /v/ created confusion in the auditory condition as both are
voiced. The same /b/ and /v/sounds are however, easy to tell apart in the visual condition as
/b/ is a bilabial phoneme while /v/ is a labiodental phoneme. Therefore, when information in
the visual modality is limited it can be clarified by the auditory modality and vice versa relating
that the audio-visual modality is the most accurate in the perception of speech (Chen & Rao,

1998, Hazan et al., 2006; Potamianos et al., 2004).

2.11.3 Audio-visual perception across languages

An individual’s native language is an important aspect to consider when studying speech
perception. Several studies have been conducted to determine whether audio-visual integration
is language-specific or universal. Earlier studies using synthetic stimuli to test the McGurk
effect found similar processing for native speakers of English, Spanish, Japanese, and Dutch
speakers (Massaro et al., 1993) however differences owing to language characteristics were
observed. These differences are linked to differences in phonological structures or cultural

habits.
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Sekiyama and Tohkura (1993) state that one of the most distinct differences occurred among
Japanese speakers as they tend to avoid eye contact due to cultural values which results in them
missing a significant amount of visual information. According to Sekiyama (1997), Chinese
Mandarin native speakers exhibit a considerably weaker magnitude of the McGurk effect than
American English participants. Similarly, studies conducted by Chen and Hazan (2009) and
Magnotti et al. (2015) revealed that there was no distinction in the extent of the McGurk effect
between American English speakers and Mandarin Chinese speakers. Cantonese speakers
however displayed a considerably weaker McGurk effect than Australian English speakers,
according to Burnham and Lau (1998). When Cantonese speakers were compared to Dutch
speakers Vroomen and de Gelder (1995) discovered that Cantonese participants were more
influenced by vision (wider McGurk effect) than the Dutch (Vroomen & de Gelder, 1995). It
was declared that bilingual school-aged children showed no difference in audio-visual speech
perception compared to monolinguals (Reetzke et al., 2016). However, Marian et al. (2018)
and Burfin et al. (2014) noted that adult bilinguals of English-Korean and Catalan-Spanish had
contrasts in the audio-visual perception of monolingual and bilingual adults where the
bilinguals displayed heightened sensitivity to audio-visual cues (Burfin et al., 2014; Marian,
et al., 2018). These studies display the arrived results in research of audio-visual among

monolinguals and bilinguals sample groups.

The stimuli used in previous studies have also been varied. McGurk and MacDonald (1976)
produced stimuli from English syllables /ba/, /ga/, /pa/, and /ka/ in the original McGurk effect
study. Studies conducted by Sekiyama (Sekiyama, 1997; Sekiyama & Tohkura, 1993), saw ten
syllables being used in English and Japanese to create 100 stimuli (10 audio x 10 visual) in
each language, and both 100 English and 100 Japanese stimuli were presented to both Japanese
and English participants. Chen and Hazan (2009) used three incongruent audio-visual stimuli
in their study: (1) auditory-ba/visual-ga, (2) auditory-da/visual-ba, and (3) auditory-ga/visual-
ba, which were created by two Chinese and two English native speakers (one male and one
female in each language), and participants who spoke both Chinese and English. Like McGurk
and MacDonald (1976), Magnotti et al. (2015), included English /ba/, /ga/, /pa/, and /ka/. In
another study by Magnotti et al. (2015), all nine stimuli performers were Americans, and the
faces were non-Asian (e.g., Caucasian), with one group of Chinese and one group of Americans
as participants. In earlier McGurk studies, syllables containing the open vowel /a/ and one of

the bilabials, alveolar, or velar stops were most frequently used as stimuli.
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An interesting pheromone brought about through studies of the McGurk effects is the non-
native speaker effect. This effect hypothesises that when the stimuli are non-native, people use
more visual information (Chen & Hazan, 2009). This implies that when listening to non-native
speech, participants face a more challenging time processing the auditory speech than when
listening to their native language, as they borrow more information from the visual modality
when perceiving a foreign language. Chen and Hazan (2009) discovered that when the stimuli
were in Chinese, English perceivers used considerably more visual information, whereas
Chinese native perceivers did not reveal such a difference. The authors proposed the possible
explanation that while none of the English participants had studied Chinese, all the Chinese
participants had studied English for at least six years in school (Chen & Hazan, 2009). Previous
studies have concluded that (non-)nativeness matters in audio-visual speech perception. They
did not, however, distinguish whether the different degree of visual influence is due to non-
native auditory speech information (the non-native speaker effect) or non-native visual cues

(the other-race effect).

Various studies concerning the perception of L2 sounds have shown the effect of the L1-
accurate L2 perception (Flege, 1993; Iverson & Kuhl, 1995). Similarly, other studies
regarding L2 perception have discussed the influence of accurate perception on accurate
production (Bohn & Munro, 2009; Escudero et al., 2009; Fledge et al., 1995). Studies have
shown that it is likely that at earlier stages if L2 learning, adults are language-specific
perceivers and that they are likely perceiving the L2 through their L1 sound system knowledge
(Best et al., 2001; Harnsberger, 2001; Schmidt, 2018).

The most evident difference between L1 perception and L2 perception is that L2 speakers
perceive the sounds of L2 through the L1 (Flege, 1981). Moreover, Flege (1993) states that the
production of L2 sounds may also be affected due to the mental representations held from the
L1. According to the Speech Learning Model (SLM) the link between the L1 and L2 categories
is essential in perceiving and producing L2 sounds (Flege et al., 1995). The SLM declares that
as L2 speakers gain experience they might be able to differentiate between phonetic
differences. Therefore this model argues that the perceived link between a person’s L1 and L2

categories is essential in correctly perceiving and producing L2 speech sounds.
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2.11.4 Properties affecting L2 perception

Age is another factor that can influence L2 acquisition. Younger language learners seem to
have greater mastery than adults. The advantages are noted in the brain systems of younger
people (Second Language Acquisition and the Critical Period Hypothesis, n.d). The age at
which the person started learning the L2 saw Flege et al. (1995) introduce the terms “age of
arrival” and “length of residence” to highlight the two properties that affect L2 acquisition.
However, these individuals have less experience with their L1 and, therefore, less
interference in the L2 (Best, 1994 as cited by Strange, 1995; Bohn & Munro, 2009). Another
age-related element that can influence L2 acquisition is the L2 speaker’s onset age. Relating
to this is a study carried out by Massaro et al. (1986) who revealed that 6 to 10-year-old
participants are unlikely to be affected by visual details compared to adults in consonant
perception (Massaro & Egan, 1996). For the reason that responsiveness to specific acoustic
cues rises in the first 10 years of life (Mayo & Turk 2004). It is expected that L2 speakers
lose responsiveness to acoustic cues that are not pertinent in their L1. Therefore, even though
L2 speakers are aware of articulatory differences they find it difficult to match it to relevant

phonetic labels (Hazan et al., 2005).

The above-mentioned concepts- age of arrival and length of residence (Flege, 1995) are
affected by the amount a person uses their L1 or L2. To assert this stance, the authors used a
cohort of Italian immigrants in Canada and tested their eleven English vowel production (Piske
et al, 2002). The group was divided into early learners of English and late learners of English
where they were subsequently rated on their intelligibility by Canadian English speakers. The
results revealed that their L1 (Italian) did hinder their L2 categories regardless of whether they
were early or late learners of English. These results highlight that difficulties in L2 acquisition

could be due to the L1 categories.

The type of learning elicited in the task for L2 speakers is another factor to consider that might
affect perception. There are various studies used to obtain results- some studies aim to highlight
the improvement in perception while others study the effects of language training (Iverson et
al., 2005; Nishi & Kewley-Port, 2007; Wang & Munro, 2004). Similarly, some focus on
particular cues to study the effects of attention while others look at both perception and

production (Bradlow et al., 1999; Hazan et al., 2005; Kondaurova & Francis, 2010; Lambacher
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et al., 2005). Therefore, the type of task used could also affect perception or account for

variances among participants.

Hazan et al. (2006) pointed out three groups of visual speech classes based on their existence
in L1 or L2 speakers. The first is when a visual class is evident in both the L.1 and L2, the
second is when the visual class occurs in the L2 but not the L1 and the third one is when the
visual class is apparent in both the L1 and L2 (Wang et al., 2009). Hazan et al., (2006) hence
state that because of L1 experience an L2 speaker could lose responsiveness to visual classes
that are not apparent in their L1. Similarly, an L2 speaker may not struggle to perceive L2
sounds if they are present in the L.1. Regardless, audio-visual teaching is said to facilitate L2
speakers’ link of non-native speech sounds with specific visual classes (Erdener, 2012; Hazan

et al., 2005).

The cognitive demand required for a task may also affect L2 perception and account for
contrasts in a participant’s performance. Using this variable a test was conducted that looked
at the English /&/-/¢/ contrast of 55 late Dutch-English bilinguals using categorisation, word
identification and a lexical decision task (Diaz et al, 2012). The study concluded that late 1.2
speakers achieved better in lower-level phonetic recognition compared to lexical decision
tasks. This shows that participants may achieve better results in tasks which require less

cognitive demand.

In addition to this, other factors such as differences in gender (Alm & Behene, 2015; Gelfer &
Bennett, 2013; Reid et al, 2003), motivation (Gardner et al, 1985; Giirbiiz & Cabaroglu, 2021;
Lidestam & Beskow, 2006), cognitive ability (Fostick et al.,2013; Heinrich et al., 2016) could
also account for contrasts in L2 speech perception. Furthermore, lip reading abilities (Demorest
et al., 1996), and responsiveness to visual cues (Sennema et al., 2003) could also affect L.2
perception. These specific factors could also account for differences in studies with participants

of similar language backgrounds.

2.11.5 Difficulty learning tone in an 12

It is known that the existence of tone in L2 speech presents a challenge for new language
learners. Tone poses a particular challenge to L2 speakers particularly when it does not exist
in their L1 (Francis et al, 2008; So & Best, 2014). However, the extent of this difficulty has

seldom been explored. Wells (2010) states that in tone languages (e.g. isiZulu) pitch operates
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like vowels and consonants to create a distinction between a word’s meaning. However, non-
tonal languages (such as English) usually use pitch to provide intonational cues. These serve
as discourse types or intonational cues. The three main difficulties that non-tonal L1 speakers
face lie in: (1) challenges with the perception and distinction of tonal pitch patterns at the
phonetic-acoustic level; difficulty encoding pitch patterns at the syllable level; and (3)

problems in utilising abstract tone categories such as lexical cues (Wong et al., 2000).

Research studies have shown that L1 tonal language speakers are likely to outdo non-tonal L1
speakers in distinguishing novel tones (Hallé et al., 2004; Leather, 1987; Mok & Zuo, 2012;
Wang et al., 2001; Wayland & Guion, 2004). However, based on the perceptual assimilation,
the success of an individual’s tone is subject to the similarities of the tonal systems between
the L2 and the speaker’s L1 based on the Perceptual Assimilation Model (e.g. Best, 1994 as
cited by Strange, 1995; Francis et al., 2008; So & Best, 2010; Wayland & Guion, 2004). Non-
tonal L1 speakers are said to approach tone very differently compared to L1 tone speakers and
the differences can be found behaviourally and neurologically (Gandour et al., 2003; Hallé et
al., 2004; Krishnan et al., 2005; Wang et al, 2004; Wong & Perrachione, 2006; Xu et al, 2006).
In L1 tone speakers, short-term training has been shown to be effective in non-native tonal
recognition, however, on non-tonal speakers, the results have been varied ( Francis et al., 2008;

Wang et al., 2004; Wayland & Guion, 2004).

2.12 Theoretical Framework

The two most prominent approaches regarding L2 sound acquisition are the Speech Learning
Model (SLM) by Flege (1991, 2003; Flege et al., 1995; Flege et al., 1999) and the Perceptual
Assimilation Model (PAM) (Best et al., 2001; Bohn & Munro, 2009; Best & Strange,1992).

The phonological acquisition model proposed by Fledge (1995) (that is, SLM) demonstrated
that an element controlling the degree of accuracy of L2 sound perception and production is
the connection between a person’s L1 and L2 phonetic system. The model asserts that sounds
are categorized and produced depending on how they are perceived- either as being a new
sound, a similar sound or a sound identical to an individual’s L.1 (Kucirkova, 2011). When new
sounds are perceived an L2 speaker is more likely to perceived the sound correctly as they do
not match any L1 sound (Kucirkova, 2011). Therefore, words that are identical to a person’s

L1 will be more difficult to perceive. The SLM also considers age difference in L2 learning
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specifically in the perception and production of L2 vowels and consonant sounds (Hanulikova

etal., 2012).

This model investigated the link between the production and perception of speech sounds and
argued that a speaker’s L2 production was determined by their L1 phonemes ( DeGroot, 2011;
So,2010). The model states that the rate at which an L2 speaker learns the L2 sounds is based
on the acoustic space in relation to their L1 sound categories (So & Best, 2010). Thus, SLM
argues that the perception of an L2 speaker can be predicted based on the acoustic differences
and similarities between two languages. Similarly, the SLM asserts that learning a second
language is more strenuous when the phonetic space becomes dedicated to the first language
(Walley et al., 2007). In the L1, the formation of perceptual phoneme categories begins during
the first year of infancy. Learning new perceptual categories in the L2 gets tougher when

individuals become more established in their L1 categories (Akbarian, 2015; Simonet, 2012).

Therefore, the rate at which an L2 speaker achieves native-like perception is based on how well
they can tell apart the phonetic differences in the L1 and L2 phonemes (Schouten, 2009). Thus,
when there are distinct differences between the L1 and L2 a person is likely to create a new L2
phonetic category particularly when their L1 has fewer sounds then the L2. (Flege, 1995). In
contrast, when the L1 and L2 have similar sounds new L2 speakers will find it more challenging
to create L2 sounds as distinct phonemes; this makes it more challenging for them to formulate

new sound categories (Flege, 1995).

The other phonological acquisition model is known as PAM. This model states that the
perception of L2 speakers of non-native contrasts is determined by their L1 (Best, 1994 as
cited by Strange, 1995). According to PAM, at the stage of infancy and early childhood stage,
perception is suited to the L1. Therefore, sounds similar to the L.1 are natural (Bohn & Munro,
2009). The model also holds that through perceptual assimilation L2 phonemes are classified
based on related articulatory gestures that occur in a person’s L1 and L2 phonemes (Guion et
al.,2000). PAM thus, outlines various patterns of perceptual assimilation of L2 segments to L1
phonological categories, which are affected by the perceived phonetic similarity between L1
and L2 segments (Best, 2001). In order to account for L2 acquisition, PAM was expanded into
PAM-L2 (Best & Taylor as cited by Best et al., 2016 ) which stated that language learning at
any age is greatly affected by a person’s language experience. PAM-2 revealed that a person’s

L1 does not necessarily affect their L2 perception (Best & Taylor, 2007 as cited by Best et al.,
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2016). However, the perception of non-native sounds are connected to their L1 sounds.
Therefore, when an L2 speaker learns new sounds in the L2 they assimilate these new sounds
based on the acoustic properties of their L1 (Tyler, 2019). There are various patterns of
assimilation mentioned in the model. Both PAM and PAM-L2 state that the first pattern of
assimilation takes place when a non-native contrast is perceived and has similar properties to
the L1 (Tyler, 2019). The second pattern of assimilation occurs when speech sound is
unrecognizable and therefore cannot be assimilated to a native category. The third pattern
occurs when a sound is heard but has no resemblance to a native cue (Bohn & Munro, 2009).
In essence the PAM-L2 relates that the way in which an L2 speaker learns words is based on
how the L2 sound is perceived and at which stage of development it takes place at (Tyler,
2019). Therefore, as an L2 speaker develops they acquire more of the L2 vocabulary whereby

phonological fossilization will occur (Bundgaard-Nielson et al., 2012)

The one clear contrast between SLM and PAM is centred around the topic of phonetic category.
According to SLM, the mechanisms needed to acquire L1 sounds and phonetic categories
remain the same over a person’s life time and are thus accessible to L2 leaners (Bohn & Best,
2012, Georgiou, 2021). PAM however, states that instead of developing a new category an
individual’s L1 category can expand over time to include the acoustic properties of the L2

language (Bohn & Best, 2012).

2.13 Chapter summary

The following chapter provided an overview of the research underlying the study. The topic of
bilingualism which forms the basis of this study was discussed. Bilingualism mentioned in this
study will refer to sequential bilinguals as explained by Castilla et al., 2009 and Kohnert, 2008.
The properties that form the basis of language were also discussed. This referred to properties
such as phonemes and the phonetic and phonology of isiZulu and English. The models of
audio-visual integration were also explained; the three stages included later integration, early
integration and multistage integration. The three conditions used in this study including the
auditory condition, visual condition and audio-visual condition were also referenced.
Thereafter the theoretical framework was discussed. The models that made up the theoretical
framework included the SLM (Flege, 1991, 2003; Flege et al., 1995; Flege et al., 1999) and the
PAM (Best et al., 2001; Best & Strange,1992; Bohn & Munro, 2009).
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CHAPTER 3

Methodology

3.1 Introduction

This chapter discusses the methodology used to collect and analyse data in order to respond to
the study’s research questions. This study seeks to investigate the extent to which young adult
bilinguals benefit from audio-visual speech. The methodology employed in this study employs
a similar method from a study titled “Audio-visual integration in noise: Influence of auditory

and visual stimulus degradation on eye movements and perception of the McGurk effect

(Stacey et al., 2020)”.

Audio-visual integration in noise: Influence of auditory and visual stimulus degradation on eye

movements and perception of the McGurk effect.

For the benefit of this chapter, we will readdress the main components of the study. The study
aimed to explore the effects of modality on audio-visual speech. In order to explore this subject,
the study set out to understand what the effect of modality is on speech perception. Similarly,

we sought to understand the extent to which different conditions affect audio-visual speech.
We aimed to respond to the following investigative questions:

1. What is the effect of modality on audio-visual perception?

2. How do different conditions affect the way L2 bilinguals perceive audio-visual speech?

3.2 Research design

To fully answer the above-mentioned research questions pertaining to this study, a quantitative
research design was implemented for this study. Such a research design is directed at
constructing general laws and occurrences across diverse environments which allows for the
support or rejection of a class or category of beliefs (Nietzel et al., 2021). Similarly, this design
allows for a thorough and in-depth investigation of an occurrence or event through the data set
and introduces a comprehensive description of the research method (Hignett & McDermott,

2015). Quantitative data involves quantifying and analysing variables in a data set. The
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research question is thus answered through numerical data which is obtained through
mathematical methods such as statistics (Apuke, 2017). A quantitative research design aims to
test a hypothesis, evaluate cause and effect and constructing a prediction (Apuke, 2017). In
essence, a quantitative approach aims to report on the results acquired through the
methodological and unbiased data collection process through numerical data which is then

statistically analysed (Creswell, 2008; Dornyei, 2007).

The data collected in quantitative studies is collected in a methodological and unbiased
procedure and is often analyzed through statistical methods as mentioned above. (Almeida et
al., 2017; Dornyei, 2007; Nietzel et al., 2021). Taking into account the research question and
the nature of the study variables, a quantitative approach was adopted for the present study and
a Microsoft Excel spreadsheet was used to analyse the data set. Analysing data in a quantitative
method allowed for variables to be reconstructed into a practical form. Quantitative methods
enable key comparisons to be made and for important correlations in data sets to be quantified.
Therefore, this practical form of data permits prompt analysis of the data set particularly when
the data set deals with extensive volumes of data (Nietzel et al., 2021). A large amount of
quantitative research designs aid in informing the procedure for analysing new data sets
(Creswell, 2008; Rashid & Sipahi, 2021). A key advantage of a quantitative research method,
however, is that it is believed to be scientifically objective and rational because of its statistics

and mathematical basis (Nietzel et al., 2021).

Besides adopting a quantitative design, this study utilised descriptive statistics. Descriptive
statistics can be defined as an approach that analyses, explains and summarises data coherently
and systematically (Marshall & Jonker, 2010). Descriptive statistics allows for data to be
simplified as percentages or visual summaries such as histograms or bar graphs (Zook &

Pearce, 2018). This method allows researchers to display and summarise a data set.

The above-mentioned paragraph described the first noteworthy element of this study which
was the application of the quantitative approach in investigating the extent to which adult
bilinguals benefit from different modalities in audio-visual speech perception. Using a

quantitative method.
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3.3 Sampling method

Regarding sampling, this study employed a snowballing method to recruit participants. The
snowballing method is a frequently utilised method in quantitative studies and is described as
an approach carried out through survey and data registration particularly when the data set is
detailed or rare (Dragan & Isaic-Maniu, 2022). Owing to the uniqueness of the data set the
participants may be difficult to identify. The most overarching definition for the snowballing
method is a technique in which one interviewee provides the researcher with the name of at
least one other potential interviewee. That interviewee subsequently provides the researcher
with another name, and the sample then grows (Naderifar et al., 2017). The snowballing
method is a convenient, efficient and cost-effective technique for gathering participants that fit

the study’s criteria (Parker et al., 2019).

However, using this sampling method, however, means that individuals in a random sample do
not have the same probability of being included in the sample therefore the data would be
generalisable to a particular population only. Although the snowball sampling method is time-
consuming the researcher has the chance to communicate with the participants to identify other
recruits (Levy & Ellis, 2011; Parker et al., 2019). Although the snowballing approach has
drawn criticism various scholars refute this criticism stating that the intention of the researcher
is not to merely generalize a population but rather to grow a comprehensive investigation of a

focal phenomenon (Akcam et al., 2019).

To summarise, compared to various other sampling methods and considering the practical
factors of recruiting participants who were eligible to participate in the experiment and satisfy
the strict criteria, the most feasible technique for identifying participants for this research was

using the snowballing sampling method.

3.4 Participants

Participants in this study were identified through particular characteristics. The details of the

research participants are presented as follows:

The first participant was selected through the University of the Witwatersrand (Wits) Language
Policy teaching process, thereafter a snowball technique was used to gather participants. First

adopted by the university in 2015, the policy requires all first-year students to study one of the
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national languages (a selection of English, isiZulu, Sesotho, or South African Sign Language).
For this study, only new L2 isiZulu learners were eligible to participate and had to be between
17 and 29 years of age. A background questionnaire stating the participant’s home language,
age, and number of years of exposure to isiZulu ensured homogeneity. Therefore, the common
characteristics among participants were their age group (between 17 and 29 years), their tertiary

institution (University of the Witwatersrand) and that they were newly acquiring L2 isiZulu.

The complete data set consisted of 12 participants which was further broken down into 11

females and 1 male. Table 1 represents the linguistic composition of the data sample.

Table 1: Data Sample

# of Participants | Sex L1 Average Age #Months
learning L.2
11 Female English 19 8-12
1 Male English 21 36

Thus, the participants were all recruited from the University of the Witwatersrand and the
prerequisite was that all participants were early isiZulu learners. The study used early L2
isiZulu speakers as it is well known that early L2 language adult learners of isiZulu find
learning the sound of the L2 challenging (Escudero et al., 2009). Therefore, employing this
group will allow us to investigate the effect of modality on early L2 speech and how different

conditions affect late L2 speakers’ perception of audio-visual speech.

3.4.1 Language background questionnaire

Questionnaires recording a participant’s bilingual experience are commonly used in research
studies on language and cognitive development. These questionnaires are used to identify the
bilingual profile of participants. Although a language background questionnaire is common,
they vary in the type and number of questions asked. Some questionnaires are detailed and

extensive (such as in Liu et al., 1992) while other are short and informal.
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In this study participants were asked three questions:

1. Their current age

2. Their native/home language

3. The number in months they had been exposed to isiZulu as an L2

Participants were given the given the language background questionnaire before the

experiment began. To comply with the ethical principle’s participants were given a

pseudonym. Table 2 below sets out the answers received in response to the questionnaire

from the questionnaire:

Table 2 Shows the data gathered from the linguistic questionnaire

Pseudonym Age L1 Months of experience

P1 18 | English 8
P2 19 | English 8
P3 19 | English 8
P4 19 | English 8
P5 19 | English 8
P6 20 | English 9
P7 17 | English/Sesotho 9
P8 18 | English 9
P9 18 | English/ Sepedi 10
P 10 25 | English 12
P11 22 | English 12
P12 21 | English 36

The questionnaire revealed that the L1 spoken by the majority of participants was English.

Two participants each had one native language respectively, namely Sesotho and Sepedi. The
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duration the participants had been exposed to isiZulu as an L2 ranged between 8 and 36

months.

3.5 Procedure

The study occurred in a soundproof laboratory, with only the researcher and one participant
present at a time. The participants were each played pre-recorded video clips .The talker in the
clips was a 23-year-old male student who is an L1 isiZulu speaker and who is a Master’s degree
candidate in Linguistics. The student was video-recorded by the researcher. For the recording,
the talker wore neutral clothing and was filmed in front of a neutral background. When it was
their respective session in the soundproof laboratory, the participants were each seated
approximately 45 cm in front of a desk with a 13-inch MacBook Air laptop and comprised 23
videos. Individuals were also made to wear headphones for optimal listening. The duration of

the videos varied between 1-9 seconds.

Before the experiment began participants were asked to observe the videos closely and to repeat
what they observed out loud. The experiment was approximately 10-15 minutes and was
recorded with a camcorder. The video camera used was a Sony DCR-SR190E Digital Video

Camera Recorder. The task was performed and filmed individually.

Before participation, individuals were given a participant information sheet that introduced
them to the study thereafter each participant had to fill out a consent form accepting the
procedure of the study. Participants could withdraw from the study at any time. Figure 10 is an

illustration of the participants placement during the study.

Figure 10: An illustration of the participant’s placement during the laboratory session
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3.6 Pilot study

Before the formal data collection began a pilot study was carried out. This was done to examine
the feasibility of the study’s procedure and to examine the research materials. Carrying out the
pilot study minimised and eliminated the risk of any flaws coming out during the formal data

analysis.

The pilot study consisted of three participants (three females) who met the age criteria and were
learning isiZulu as an L2. Of the three participants, two were native English speakers whilst
the other was a native English and Afrikaans speaker. The intent of carrying out the pilot study
was to establish the feasibility of the study, to check the practicality of the method and to

determine the time each participant needed to carry out the study.

The key finding of the pilot study was that participants found the length of the study to be long
and time-consuming. In order to rectify this problem the stimuli were reduced in the final study.
The pilot consisted of an average of eighteen-word pairs (totalling 15-word pair clips and 3
incongruent clips). This was reduced in the final study to thirteen-word pairs (totalling 10-word

pairs and 3 incongruent clips).

The results of the pilot study revealed that participants perceived words well overall in the
audio-only condition. For the visual-only conditions, all three participants were unable to
perceive the word in the visual-only condition therefore, for the final study we introduced a
multiple-choice list of similar-sounding phonemes whereby participants could choose the

sounds they believed they observed.

Therefore, carrying out the pilot study minimised and eliminated the risk of any flaws coming
out during the formal data analysis. The data from the pilot study was not used in the analysis
or conclusions of the study as the changes made in the final study altered the procedure used

in the pilot.

3.7 The video stimuli

Participants were introduced to four different conditions. The four conditions were made up of
audio-only, visual-only, audio-visual and incongruent conditions. Each condition was further
broken down into sub-conditions which consisted of word pairs that were either a tonal pair,

similar word pair or minimal pair. For the purpose of this study, similar word pairs are also
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referred to as minimal pairs. Although differences in tone between words can also be classified
as minimal pairs, for the purpose of this study, two words differentiated by tone are referred to

as a tonal pair.

The stimuli consisted of 23 videos made up of various isiZulu tonal pairs and minimal pairs.
Made by video recording a 23-year-old L1 isiZulu speaker. The stimuli were retrieved from
“A linguistic analysis of isiZulu” (Poulos & Msimang, 1998) and some stimuli were gathered
from an isiZulu speaker and will be broken down into its specific components below. The types
of words selected for the stimuli were tonal pair words, similar-sounding words and minimal
pair words. The study chose to use tone pair words as isiZulu is a tone language where
differences at the word level affect lexical meaning (Westphal, 1955). At the syllable level,
isiZulu uses a tonal variation to change the meaning between words (Chen et al., 2020). This
means that phonologically similar words could have a change of meaning because of tone
patterns. There are two general tone levels in isiZulu known as high (H) and low (L). Therefore

N9

in the word “indoda” (man) the tone will be realised as HLL.

According to Putri (2015), minimal pairs are commonly used in listening practice and oral
production. Within the field of speech pathology and speech therapy, minimal pairs are used
to test tone production and perception. Minimal pair is an approach utilised in teaching
pronunciation as the difference in sound can affect the perception, comprehension and fluency
in communication (Putri, 2015). Although the sound differences between minimal pairs may
seem obvious, it can be challenging for new L2 speakers to contrast the difference in sound.
Therefore, using minimal pairs as the stimuli allows us to test the extent to which different
modalities affect L2 speakers’ perception of non-native cues. Similarly, using tone pairs and
minimal pairs to study speech perception can aid in understanding how new L2 speakers

perceive words in different conditions.

In the incongruent condition, the McGurk effect was used to investigate how different
conditions affect the way L2 speakers perceive audio-visual speech. The McGurk effect is an
auditory-visual illusion that describes how individuals combine information from speech
sounds (Tona et al., 2015). This illusion exhibits multi-sensory information and describes how
visual and auditory information are combined into and integrated percept. Tiippana (2014)
states that the McGurk effect is the perfect device to study multisensory information in speech

perception. Audio-visual integration is reflected from the McGurk effect .
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The section below will introduce the four conditions and will explain the procedure each

condition followed. 3.7.1 Audio-only condition

In the audio-only condition (tonal pairs), the stimuli consisted of the following words:

bona they (Poulos & Msimang, 1998)
béna To see (Poulos & Msimang, 1998)

The word “bond” (they) is made up of a low high tone while the word “béna” (to see) is made
up of a high low tone as indicated above. Figures 11 and 12 depict an image of the video clips

participants were introduced to.

Duma be tasteless (Poulos & Msimang, 1998)

duma roar; be famous (Poulos & Msimang, 1998)

The first word in the tonal pair “dima” (to be tasteless) consists of a high low tone and the

second word “duméa” (roar/ be famous) has a low high tone in the word

The audio-only minimal pair words were made up of the following words:

usi.si sister n/a

isi:su stomach n/a

In usisi (sister) and isisu (stomach) the distinguishing factor in this pair is the front vowels [i]
and [€]. The [i] sound is high, front and unrounded whilst the [€] is mid, front unrounded.
Figure 13 and 14 are illustrations of the audio-only condition stimulus participants were

introduced to.



Figure 12: An illustration of the word “ usisi” (sister) in the audio-
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[Permission to use this photograph was granted by the research assistant]

ibhola ball (Ncobela, 2015)
ibhala bar/ wheelbarrow (Ncobela, 2015)

In “ibhola” (ball) and “ibhala” (bar/wheel barrow) the contrast can be found in the back vowels

[o] and [a]. The [o] is mid, back unrounded sound whilst the [a] is an open central unrounded.

The procedure for the audio-only condition was as follows:

In this condition, participants were exposed to eight clips. The first four clips were made up of
two tonal pair words while the second four clips were made up of two sets of similar sounding
word pairs. Participants were introduced to the first word in the tonal pair through a set of
headphones with no visual access; they were then asked to recall aloud what they had heard in
the clip. Thereafter the participants were introduced to the second word in the tonal pair and
were asked to recall what they heard. After being exposed to both words in the tonal pair

participants were then asked if the words they heard were the same or not.

The next set of audio-only words consisted of similar-sounding words. The two similar-
sounding words were paired with each other. For this stimulus participants were introduced to
one word in the form of a clip where they recalled the word they heard thereafter they were
introduced to the second word where they were asked to recall what they heard. Figure 15 is

an illustration of how participants experienced the audio-only condition.

Figure 11: An illustration of the word” isisu” (stomach) in the audio-
only condition only condition
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Figure 13: An illustration of the audio-only condition where partcipants were seated in front
of a blank screen as they observed an auditory stimuls

3.7.2 Visual-only condition

The Minimal Pair in the visual-only condition was made up of the following words:

isithelo

fruit

n/a

isitini

brick

n/a

In “isithelo” (fruit) and “isitini” (brick) the area of interest in the above words is the alveolar

[t"] in [isit" €lo] and the alveolar [t’] sound in [isit’ini]

ukusala

to remain

(Poulos & Msimang, 1998)

ukuzala

to bear

(Poulos & Msimang, 1998)

In “ukusala” (to remain) and “ukuzala” (to bear) the key difference can be found in the

voiceless, alveolar, fricative [s]sound compared to the voiced, alveolar, fricative [z] sound

The visual-only condition procedure is outlined below:

In this condition, participants were exposed to clips through a visual modality with no access

to any auditory signal or cues. The condition was made up of two pairs of similar sounding

words with each pair consisting of two words. Participants were asked to watch a clip with a

word being pronounced. The clip consisted of no auditory cues or signals, thereafter they had

a second opportunity to review the same clip again after which they were asked to choose a
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word from a list that looked most similar to the word they observed. The Figure 16 is an
example of what participants would have encountered whilst Figure 17 is an example of words

participants could choose from that they felt best resembled the word they observed

Figure 14: An example of the visual stimulus "isithelo"

[Permission to use this photograph was granted by the research assistant]

a.) isithelo a.)itini a.) ulala a.) uzala
b.) Sithelo b.)sinthini b.) usala b.) ukuza

c.) Thelo c.isitini  c.)sala c.) ukuzala
d.) Elo d.) sintini d.) ukusala () zala

Figure 15: An example of the option participants encountered during the visual-only condition3.7.3 Audio-visual condition

The audio-visual condition in this study was made up of four word pairs the first two sets of

word pairs consisted of tonal differences and can be seen below:

ukusinda to smear (Poulos & Msimang, 1998)

ukusinda to be heavy; to recover (Poulos & Msimang, 1998)

In the minimal pair “tkusinda” (to smear) and “tkusinda” (to be heavy/to recover) the first

word “ukusinda” (to smear) has a low, high, low, low tone the second word “tkusinda” (to be
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heavy/to recover) however, has a high, low, high, low tone. Figure 18 and 19 are illustrations

of the clips participants were exposed to in the audio-visual condition.

Figure 16: An illustration of the word uikiisinda (to smear) in the Figure 17: An illustration of the word ukusinda (to be heavy; to
audio-visual condition recover) in the audio-visual condition

[Permission to use this photograph was granted by the research assistant]

ukwethuka to insult (Poulos & Msimang, 1998)

ukwéthuka to get a fright (Poulos & Msimang, 1998)

In “okwethuka” (to insult) we observe a high, low, high, low tone while a low, high, low, low

tone can be seen in ukwéthuka (to get a fright).

The remaining two-word pairs were made up of minimal pairs and can be seen below:

ukupheka to cook (Poulos & Msimang, 1998)
ukubheka to look (Poulos & Msimang, 1998)

In this minimal pair, the area of interest is the [p"] sound in “ukupheka” (to cook) compared to

the [b"] labial, plosive sound in “ukubheka” (to look).

isitho organ (Poulos & Msimang, 1998)
isipho gift (Poulos & Msimang, 1998)
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The area of concern in this minimal pair is the distinction of the [t"] in “isitho” (organ) and the
[p"] in “isipho” (gift). Figure 20 and 21 are an illustration of the video clips in the audio-visual

condition.

Figure 18: An illustration of the word isitho (organ) in the audio-visual
condition

Figure 19: An illustration of the word isipho in the audio-visual
condition

[Permission to use this photograph was granted by the research assistant]

The procedure for the audio-visual condition was as follows:

The audio-visual condition was made of two tonal congruent pairs and two minimal pair tasks.
In this condition, participants were first introduced to the tone words. Each tone set was made
up of two words and this condition consisted of two tone sets. For the tone words participants
were introduced to the first word in the set thereafter they recalled what they observed in the
clip. After this, the corresponding tone pair in the set was played and participants were asked
to recall what they had heard. After hearing both words participants were asked if the two
words they observed were the same or not. Failure to recognise the difference between the two

words meant that the participant did not detect the difference in tonality between the two words.

For the minimal pair participants were introduced to the first word in the minimal pair and they
were asked to recall the word. Thereafter, they were asked to recall the second word in the
minimal pair. Recalling the correct word highlighted the correct perception of the word. The

same method was followed for the second minimal pair word set.
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3.7.4 Incongruent stimuli

The incongruent condition utilised the McGurk effect (1976) which saw the audio of one word
being dubbed over the visual of another word. This study consisted of three incongruent stimuli

broken down below:

isitho (vocal) organ (Poulos & Msimang, 1998)

isipho (visual) gift (Poulos & Msimang, 1998)

The vocal form of “isitho” (organ) was dubbed over the visual form of “isipho” (gift). In this
minimal pair, the difference noted is in the voiceless, alveolar, plosive of [t] compared to the

voiceless, bilabial, plosive of [p].

ukulima (vocal) to plough (Poulos & Msimang, 1998)

ukulila (visual) to cry (Poulos & Msimang, 1998)

The vocal of “ukulima” (to plough) was dubbed over the visual of “ukulila” (to cry). In this
pair, the contrast can be seen in the voiced, bilabial, nasal of [m] compared to the voiced,

alveolar, lateral approximant of [1].

ukusala (vocal) to remain (Poulos & Msimang, 1998)

ukuzala (visual) to bear (Poulos & Msimang, 1998)

The vocal of “ukusala” (to remain) was dubbed over the visual “ukuzala” (to bear). Here, the
minimal pair differs in the voiceless, alveolar, fricative of [s] and the voiced, alveolar, fricative

of [z].

The procedure for the incongruent condition was as follows:

The incongruent effect was based on the McGurk effect (McGurk & McDonald, 1976 ) which
is produced when a video recording of an utterance is combined with an audio recording of
another utterance. With regards to incongruency in audio-visual perception, McGurk and
McDonald’s (1976) study served as the basis for a plethora of studies. The McGurk effect is
used to measure the weightings of auditory and visual information. (McGurk & McDonald,
1976). In essence, the tests measure the degree to which visual perception is affected when the

auditory and visual components are not integrated. However, the majority of McGurk effect
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studies have used syllables as stimuli to study the phenomenon. This study made use of words
that would provide insight into audio-visual speech perception and lexical knowledge. The
evidence from this study was important as it showed that incongruent visual and auditory

information can result in in fused or combined precepts.

The incongruent condition consisted of three sub-tasks and each was made up of three tonal
pairs. The first tonal pair consisted of the word “isitho” (organ) which was placed with the
visual “isipho” (gift). The second pair was made up of the word “ukulima” (to plough) which
was placed over a visual “ukulila” (to cry) and lastly the audio word “ukusala” (to remain)
was placed over a visual “ukuzala” (to bear). Participants were introduced to the video and
were asked to recall what they observed in the video. Each video was only introduced to
participants once. The presentation of the videos, however, was randomized for each
participant, meaning every participant was presented with a unique, randomized sequence of

the stimuli.

3.8 Coding and transcription

After each participant had undergone the laboratory session the data was coded on an Excel
spreadsheet (See Appendices 4, 5, 6 and 7). Each participant’s results were recorded according
to their pseudonym. The results from each section were averaged and the average was then
used to determine the percentage of correct answers. The spreadsheet was separated according

to the condition and will be explained below:

3.8.1 Audio-only condition coding

In the audio-only condition, the coding was separated according to each stimulus (See
Appendix 4). The first column consisted of Audio-Tonal Pair 1 (A-TP1) which was sub-divided
into three headings namely, Audio 1 Identification of Low High Tone (A1 Id of LHT), Audio
2 Identification of High Low Tone (A2 Id of HLT) and Identification of Difference (Id of
DIFF). Table 3 below provides a visual representation of the coding scheme for the audio-only

condition:
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Table 3: A representation of the audio-only tonal pair coding schema

A-TP 1
A11ID OF LHT A2 1D OF HLT ID OF DIFF

Under each heading, if the word was perceived correctly, a score of 2 was recorded. If the
participant produced an incorrect response, a score of 1 was recorded. The sub-heading ID OF
DIFF, if the participant was able to identify the tonal difference between the two words they

were scored a 2 while failure to recognise the tonal difference was scored a 1.

The audio-only minimal pair consisted of two word pairs A-MP 1 (Audio-only minimal pair
1) and A-MP2 (Audio-only Minimal Pair 2). Each word pair was made up of two words. If the
word was perceived correctly the participant was scored a 2 while an incorrect perception of
the word was scored a 1. Table 4 is a visual representation of the coding schema for the audio-

only minimal pair condition:

Table 4: A representation of the audio-only minimal pair coding schema

A-MP 1 A-MP 2
MP ID WD1 MP ID WD 2 MPID WD 1 MP ID WD 2

3.8.2 Visual-only condition coding

The coding for the visual-only condition can be found in Appendix 5. In this condition, after
watching each stimulus twice participants could choose from a list of four options the word
they believed they observed. A correct perception of the word from the list saw participants
score a 2 while incorrectly choosing a word from the options resulted in a score of 1. The table

below is a visual representation of the coding scheme:
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Table 5: A representation of the visual-only condition coding schema

I

MP ID W1
ID OF WD 1 “isithelo” | ID OF WD 2 “isithini” cugal MP ID WD 2 ““ukusala”
“ukuzala”

3.8.3 Audio-visual condition coding

The audio-visual condition was coded in the following manner (See Appendix 6). The first part
of the audio-visual condition was the tonal pair. For each pair, participants had to first recall
the word they observed. If they perceived the correct word they were scored a 2 and if a word
was perceived incorrectly they were scored a 1. After observing both words participants were
asked whether there was a tonal difference present between the two words. ID OF DIFF column
measured the tone difference between the two words. If the tone was detected between the two
words participants were scored a 2 while failure to recognise the tone was scored a 1. Table 6

below represents the coding schema of the audio-visual tonal pair condition:

Table 6: A representation of the audio-visual tonal pair coding schema

The audio-visual minimal pair condition (AVMP) consisted of two minimal word pairs
(AVMP 3 and AVMP 4). These word pairs each consisted of two words. A correct
identification of the word was scored a 2 while an incorrect perception of the word was scored

a 1. Table 7 table below illustrates the schema of the audio-visual minimal pair condition:
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Table 7: A representation of the audio-visual minimal pair coding schema

AVMP 3 AVMP 4

AV 3.1: MP AV 32 MP AV 4.1 MP AV4.2 MP

3.8.4 Incongruent condition coding

The incongruent condition was coded as follows:
The incongruent stimuli was coded as shown in Table 8, with the incongruent condition
consisting of three stimuli (See Appendix 7). As seen in the Table 8, the stimuli were labelled

Incongruent 1, Incongruent 2 and Incongruent 3.

Table 8: A representation of the incongruent condition coding schema

INCONGRUENT STIMULI 1 INCONGRUENT STIMULI 3

After being exposed to each stimulus participants had to recall what word they observed. The
data was coded as follows: if the participants recalled the visual of the word it was coded a “1”
if the participant recalled the vocal of the word it was coded a “2” and if the word recalled
matched neither the visual nor the vocal of the word it was coded a “3”. After gathering this
information the data was recorded on an Excel spreadsheet where the averages and percentages

were calculated for the number of visual, vocal and incongruent responses from participants.

3.9 Reliability and Validity

The pilot study allowed us to determine how reliable the research method was. As mentioned
above, after conducting the pilot study relevant changes were made to achieve a precise method
(Akram et al, 2019). Similarly, documenting the data collection process according to (Yin,
2003) enhances a study's reliability and was used later for inter-reliability testing. Similarly,
peer debriefing took place weekly during the data collection and throughout the transcription

and coding of the data in order to enhance the accuracy of the study (Creswell, 2008)
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3.10 Ethical considerations

Participation in the study only took place once ethical clearance was granted from the Health
Research Ethics Committee (HREC) at the Witwatersrand (See Appendix 3) for the ethical
clearance certificate). All research procedures in this study strictly complied with the
guidelines set out by the ethics committee. Before the commencement of the laboratory
sessions, participants were given a participation information sheet as well as a consent form to
complete (see Appendices). This information granted participants a well-rounded view of the
study and what was expected from them and allowed them to make an informed decision before
participation. Participation in this study was completely voluntary and individuals could
withdraw from the study if they wished to. After reading the Participation Information Sheet
individuals had the right to refuse participation without giving a reason. They were also made
aware that their answers in the research task would be used in current and future analyses only.
The identities of participants were kept anonymous and the results of the study divulged no

identifying factors of individuals.

3.11 Summary of the chapter

The following chapter outlined the methodological strategy utilised in this research study.
The process of data collection and the data analyses used were discussed in detail. Overall,
this study made use of the quantitative research methodology with a snowballing sampling
technique. By adopting this method the strict participant criteria were adhered to. Participants
were students at the University of the Witwatersrand aged between 17 and 29 years who were
new L2 learners of isiZulu. In participating in the study, they were introduced to a variety of
modalities and stimuli as mentioned above. The data for each condition was coded and

recorded as explained above. The next chapter will present the analysis of the data collected.
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CHAPTER 4

Analysis

4.1 Introduction

In investigating the effect of modality on audio-visual speech, this following chapter reports
on the results and analysis of the extent to which young adult bilinguals benefit from audio-
visual speech. This study investigates the effect of modality on audio-visual speech perception.
For the purpose of the present study, we will revisit the research questions in order to analyse

the results.
Research question 1: What is the effect of modality on audio-visual perception?

Research question 2: How do different conditions affect the way L2 bilinguals perceive

audio-visual speech?

In order to study the effect of modality and the extent to which different conditions affect how
L2 individuals perceive audio-visual speech we will first present the results of various
conditions undertaken by participants. The cohort of this study consisted of university students
between the ages of 17- and 29-years learning isiZulu with more than 5 months of exposure to

learning isiZulu.
The different conditions undertaken by participants were as follows:

4.1.1 Audio-only condition

These stimuli consisted of four tasks. The first two sub-tasks consisted of tonal pairs while the
second two sub-tasks consisted of a minimal pair set. In the tonal pair sub-task participants
were exposed to a word which they had to recall aloud. After hearing and recalling the second
word pair in the tonal tasks sub-task participants were asked to identify if a tonal difference

was present. The tonal pairs were:

Tonal Pair sub task 1: [bona] (they) and [béna] (to see)
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Tonal Pair sub task 2: [dima] (be tasteless) and [duma4 ] (roar)

Minimal Pair: sub task1: [usisi] (sister) and [isisu] (stomach)

Minimal Pair sub task 2: [ibhola] (ball) and [ibhala] (bar)

4.1.2 Visual-only Condition

In this stimulus set, participants viewed a clip of an individual voicing out a word without any
audio. Participants were asked to recall the word and were subsequently shown the video again
wherein a set of four options were given and they were asked to say the word that sounded
most alike to the word they watched. Figures 22 and 23 below are an illustration of the clip

participants were asked to watch followed by the options provided to them.

Figure 20: An illustration of the visual-only stimuli participants were exposed to

a.) isithelo
b.) Sithelo
c.) Thelo
d.) Elo
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Figure 21: An illustration of the options participants received after viewing the visual-only
stimulus

The stimulus in the visual-only condition consisted of:
“isithelo” “(fruit) and “isitini” (brick)

“ukusala” (to remain) and “ukuzala” (to bear)

4.1.3 Audio-visual only condition

In this task, participants were exposed to four sub-tasks. The first two-sub tasks consisted of
tonal pairs while the last two sub-tasks consisted of minimal pairs. Individuals were asked to
watch a video of an individual saying a word that consisted of both audio and visual stimuli.

Thereafter they were asked to recall the word they observed.

The stimulus in the audio-visual condition tonal condition was:
“bkusinda” (to smear) and “Okusinda” (to be heavy/to recover)

“tkwethuka” (to insult) and “ukwéthuka” [to get a fright]

The minimal pair stimulus in the audio-visual condition were:
“ukupheka” (to cook) and “ukubheka” (to look)
“isitho” (organ) and “isipho” (gift)

4.1.4 Incongruent condition

The incongruent task saw participants being exposed to three words that consisted of an audio
and visual stimulus. The incongruent stimuli however saw a mismatch in the audio and visual
stimulus as the audio of one word was dubbed over the mismatched visual of another word.

After viewing the video participants were asked to say what they observed.

Example: Individuals were exposed to a video of an audio “isitho” [organ] over a visual
“isipho” [gift]

The following stimulus made up the audio-visual condition:

Vocal “isitho” (organ) over a visual “isipho” (gift)

Vocal “ukulima” (to plough) over a visual “ukulila” (to cry)

Vocal “ukusala” (to remain) over a visual [ukuzala] (to bear)
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All participants in the study successfully performed the tasks. This chapter will present the
findings and quantitative analysis of each condition. The following sections will present the

findings per sub-task.

4.2 Audio-only condition findings

4.2.1 Audio-only tonal pairs

In the first sub-condition participants were provided with two sets of tonal pairs. The first tonal
pair (TP 1) consisted of the words [bona] (they) and [béna] (see) with the first word being made
up of an LHT and the second word being a HLT. The second tonal pair (TP 2) consisted of the
words [dima] (be tasteless) and [dum4] (roar; be famous). The first word in this pair contained
a HLT whilst the second word had a LHT. Participants had to first recall the first word they
heard and thereafter the second word after hearing both words in the pair participants were
asked whether the two words were the same or not. Asking this question allowed us to test
whether the participants observed the tonal difference between the two words. Tone detection
has been labelled ID (identification of the tone). For a correct answer, the code was a “2”, and
for an incorrect answer, the coding was labelled a “1” to allow for analysis. After gathering the
data, the answers were averaged, and a percentage was then generated. The summary of results

for the tonal pair subtask can be seen in Table 9 below:

Table 9: Table showing the tonal pair stimulus in audio-only condition

ID OF LHT IDOFHLT | ID OFDIFF | ID OF HLT ID OF LHT ID OF DIFF
- 12,00 2,00 1,75 1,92 1,92 1,58
Average X
Percentage
% 100,0 100,0 87,50 95,83 95,83 79,16

Table 9 displays the overall results of the two tonal pairs presented to participants. In the tonal

pair stimulus, participants were exposed to a word through an auditory modality and were
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asked to recall the word thereafter they were exposed to the second word of the tonal pair where
they were asked to recall the word. Similar averages were calculated across the tonal pairs with
the identification of TP 1 being 100,0% (for the identification of LHT and HLT) and the
identification of TP2 at 95,83% (for the identification of HLT and LHT). Overall, a higher
success rate was noted in the perception of the first tonal pair (TP1) compared to the second
tonal pair (TP 2) where one participant was incorrect however, both stimuli were answered

well overall.

The second part of the task was to ask participants if they perceived a difference in the tone
within the tonal pair. The results can be found in Table 9 under the column “Id of DIFF”. This
column refers to whether participants were able to identify that there was a tonal difference
between the word pair. In TP 1 87,50% of participants were able to identify to difference
between the LHT tone and the HLT tone compared to TP 2 where only 76,19% of participants
were able to identify the difference between the HLT and LHT. The results for this can be seen
below (Figure 24).

ID OF DIFF IN AUDIO-ONLY CONDITION

90,00
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88,00
86,00
84,00
82,00 '
80,00 "'--._..._79,16
78,00
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A-TP1 A-TP 2

Figure 22: A bar graph displaying the identification of the difference between the audio-only

tonal pair words

As seen in the graph above participants had more difficulty in identifying the tonal difference
between the second tonal pair “ddma” (be tasteless) and “duma” (roar) compared to the first

pair “bona” (they) and “béna” (see). Therefore, in terms of tonal perception, they had a better
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chance of perceiving tonal differences when they were introduced to the LHT first as can be
seen in “bona” (they) and “bona” (to see). The results revealed that although participants were
able to distinguish tonal pair words individually, they found difficulty in distinguishing the

tonal difference between the word pairs.

Interestingly, although the perception of the individual word was detected well, participants
experienced more difficulty in identifying the “Id of DIFF” highlighting an increased difficulty

in identifying the tonal difference between the word pairs.

4.2.2 Audio-only similar word pairs

The second sub-condition saw participants being introduced to two sets of minimal pair words
through an audio-only stimulus. The first minimal pair was made up of the words “usisi”
(sister) and “isisu” (stomach). The distinction between these two words is the vowel [i] and the
vowel [€]. The second pair consisted of the words “ibhola” (ball) and “ibhala” (roar). The
difference between these words is the back vowels [0] and [a]. Participants were introduced to
the word pairs and after every word they recalled what they heard. If participants correctly
detected the word, they were scored a 2 and if they incorrectly recalled a word, they were

scored a 1. Table 10 below is a summary of the participant's performance:

Table 10: Table showing the results of minimal pairs in the audio-only condition

A-MP 1 A-MP 2
MP ID | MPID WD
W1 1 MPID W2 | MPID W2
- 1,83 2,00 1,75 1,83
Average X
Percentage % 92.66 100,0 87,50 91,66
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Figure 23: A bar graph displaying the results of minimal pair words in the audio-only

condition

Figure 25 displays the results of participants in the audio-only minimal pair sub-task in
percentages and averages. In this task, participants were asked to recall the words presented to
them after hearing them through an auditory stimulus. In the first minimal pair- “usisi” (sister)
and “isisu” (stomach) participants perceived the word “isisu” (stomach) better as participants
received a 100% in recalling the word, the corresponding minimal pair “usisi” (sister)
performed well too with the word being recalled correctly by a large number of participants
with a 92,66% correct recall percentage. Participants had the most difficulty in recalling the
word “ibhola” (ball) suggesting difficulty in perceiving the mid, back, rounded [o] in
comparison to the open, central unrounded [a] sound found in [ibhala] “bar”. These results
highlight that participants perceived the [€] sound best compared to the vowel sounds [i], [0]

and [a] through an auditory stimulus.

The study had two audio-only sub-conditions: tonal pair and minimal pair. The results showed
that participants were able to identify between the individual words very well, however, some
participants found it difficult to distinguish the tonal difference between the tonal word pairs.
This shows that L2 speakers had success in identifying isiZulu words through an audio stimulus
however they experienced some difficulty in identifying tone differences between words

through an auditory modality only particularly with [i], [o] and [a] sounds.
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4.3 Visual-only condition findings

The second condition that participants were exposed to was visual only. In this condition,
individuals were exposed to clips with no audio. The words in these clips were two minimal
pair words- the first similar-sounding word pair was made up of the words “isithelo” (fruit)
and “isithini” (brick) and the second pair consisted of the words “ukusala” (to remain) and
“ukuzala” (to bear). Participants were exposed to the video twice before being given options
wherein they selected the word that sounded most like the clip they observed. The results were
coded in the following way: participants who correctly identified the word scored a “2” whilst
an incorrect identification was scored with a “1”. The table below (Table 11) is the summary

of the visual-only condition results in averages and percentages:

Table 11: Table showing the results of tonal pair in the visual-only condition

ID of [isithelo] ID of [isitini] ID of [ukusala] ID of [ukuzala]
- | 1,67 1,42 1,33 1,42
Average X
Percentage
%0 83,33 70,83 66,67 70,83

The above table is a summary of the results produced by participants in the visual-only
condition. The table above displays the results of the visual-only condition. Participants best
perceived the alveolar [t"] visually as seen in the word [isitelo] “fruit”. Although the alveolar
[t’] in “isitini” (brick) was perceived well overall participants perceived “isithelo” (fruit) more
correctly. The voiced, alveolar, fricative [z] performed well whilst participants found it most
challenging to perceive the voiceless [s] sound through a visual stimulus. The voiceless [s]
sound was apparent in the word “ukusala” (to remain) and it was where participants had the
highest number of errors in perceiving the word. This shows that participants found it easier to
visually perceive the voiced [z] sound compared to the voiceless [s] sound whilst the word
“isithelo” (fruit) and “isitini” (brick) yielded similar results. It is important to not that in this
condition participants had the chance to perceive the word twice and were also given options
to decide which word matched the word they perceived. After watching the stimulus once

participants had difficulty in recalling what they observed it was only after perceiving the word
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for a second time together with a list of options were participants able to decide what they

perceived visually.

Similarly, the alveolar [t"] was perceived correctly more often compared to the alveolar [t’]
sound. The illustrations below are a visual representation of the difference in the [s] and [z]
sound. From these sounds, participants had the most difficulty in perceiving the [s] sound due
to the similarity in the visual pronunciation of the sound. Overall, partcipants performed

adequately in the visual-only modality.
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Figure 24: An illustration of the visual cues in the /s/ and /z/ sound

4 4 Audio-visual condition

Overall, in the visual-only condition participants performed equally however some sounds
proved to be more difficult to perceive through a visual-only stimulus. The voiceless alveolar
fricative of the /s/ and the voice alveolar nasal of the /n/ were overall the most difficult sounds

to perceive through a visual-only stimulus.

4.4.1 Audio-visual tonal pair

The third condition in the study was audio-visual. Participants were exposed to a clip that

consisted of both audio and visual modalities and were they asked to recall what they observed

in the clip. The words in the clip consisted of two tonal pairs and two minimal pairs. For the
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first audio-visual tonal pair (AVTP 1) the words participants were exposed to were “ukusinda”
(to smear) and “Ukusinda(to be heavy/to recover. The word “ukisinda” (to smear) is made up
of a low, high, low, low tone (LHLLT) while “tkusinda” (to be heavy/to recover) has a high,
low, high, low tone (HLHLT). The second audio-visual tonal pair (AVTP 2) was “Okwethuka”
(to insult) which has a high, low, high, low tone (HLHLT) and [ukwéthuka] “to get a fright”
consisting of a low, high, low, low tone (LHLLT). Participants were first asked to identify both
words in the pair by recalling what they observed in the tonal pair before being asked if there
was a tonal difference between the words. Identification of the tonal difference was recorded
as “ID OF DIFF” as seen in the table below. Correct identification of the word was labelled as

2 and an incorrect identification was labelled as 1 similarly, if a tonal difference was detected

between the word pair it was coded as 2 and no tonal detection was labelled as 1.

Table 12: Table showing the results of tonal pairs in the audio-visual condition

AVTP 1
LHLLT HLHLT ID OF
[ukdsinda] [ukusinda] | DIFF
- 1,92 2 1,83 2 1,92 1,67
Average X
Percentage % | 95,83 1000 91,66 1000 95,83 83,33

Table 12 represents the results from the two audio-visual tonal pairs participants encountered.
Participants were exposed to both the audio and visual modalities in these clips. Overall,
participants were successful in recalling the words they observed from the clips this can be
noted in AVTP 1 for the word “ukusinda” (to be heavy/to recover) which received a 100%
correct recall/identification of the word . Its pair word in the LHLLT column “ukusinda” (to
smear “ukwethuka” (to insult) and “dkwéthuka (to get a fright) showcased good recall of the

words with 100% and 95.83% correct perception recorded for each word respectively.
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Figure 25: A bar graph displaying the tone detection in the audio-visual condition

Figure 27 illustrates the word pair “ukisinda” (to smear) and “ukusinda” (to be heavy/to
recover) had a higher success rate of tone detection compared to “Ukwethuka” (to insult) and
“ukwéthuka” “to get a fright”. This shows that participants detected the tonal difference better
when the LHLLT word was introduced first. However, the tone detection between both tone

pairs were high.

4.4.2 Audio-only minimal pair findings

In this sub-condition termed audio-visual minimal pair (AVMP) participants observed clips
with two sets of minimal pairs (MP) through an audio-visual modality. In this condition, the
minimal pair word sets consisted of [ukupheka] “to cook and [ukubheka] “to look™ and [isitho]
“organ” and [isipho] “gift”. After observing each word participants were asked to recall what

they observed in the clip. The results were calculated as percentages below:

Table 13: Table showing the results of minimal pairs in the audio-visual condition

AVMP 3
AVMP 3.1 AVMP 3.2
2,00 2,00 2,00 2,00

Averagel

Percentage % | 100,0 1000 1000 1000
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In the audio-visual condition, participants were exposed to two sets of minimal pair words. The
first word pair “ukupheka” (to cook) and “ukubheka” (to look) both had a 100% recall rate
amongst participants. This was also seen in the second minimal pair set “isitho” (organ) and
“isipho” (gift) were a 100,0% of participants successfully recalled both words. The audio-
visual condition displayed the best overall results with participants finding it easier to perceive
L2 words when both the audio and visual stimulus was present. In all, 91,66% and 83,33% of
participants were also able to identify the tonal difference between the tonal pairs showing that

participants did benefit when having both modalities present.

4.5 Incongruent condition findings

To answer the extent to which incongruent speech affects audio-visual speech perception an
incongruent condition was created. In this condition, participants were exposed to three
minimal pair stimuli that were incongruent. The incongruency based on the McGurk effect
(1976) saw the audio of one word of the minimal pair being voiced over the visual of the other
word. For example, in the first minimal pair of incongruent stimuli (MPI 1), the word “isitho”
(organ) was vocalised over the visual of the word “isipho” (gift). The second stimulus (MPI 2)
saw the audio of the word “ukulima” (to plough) merged over the visual of “ukulila” (to cry).
The last stimulus (MPI 3) consisted of the visual “ukuzala” (to bear) over the audio “ukusala”
(to remain). Participants were exposed to the clip wherein they were asked to repeat what they
observed after watching the clip. Participants who recalled the visual of the word were scored
a “1” the auditory recall of the words was scored a “2” whilst the recall of neither the visual or

vocal of the words was scored a "3" and was labelled incongruent.

Table 14: Table showing the results in the incongruent condition

%

Incongruent 75,0 83,30 0

% Vocal 250 0 100,0
% Visual 0 16,70 0
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Overall, in the first stimulus (Incongruent 1) 75,0 % of the words produced by participants
were incongruent meaning that the words they reported consisted of neither the visual nor the
vocal of the word and were made up of syllables that were not present in either word. Of the
75% incongruent perceptions 66,70% of participants perceived the word “isipto” whilst 8,30%
perceived the word “isimto”. This shows that in the incongruent condition the audio [t"] and
the visual [p"] was perceived most often as a [p] or a [m] sound which are both bilabial.

Similarly, 25,0% of the participants produced the vocal of the word meaning the vocal modality
was stronger than the visual modality. Therefore, the audio of the word [isitho] “organ’ dubbed
over the visual word [isipho] “gift” produced mostly incongruent perception whilst the

remaining 25,0% perceived the audio of the word.

In the second stimulus (Incongruent 2) 83,33% per cent of participants produced an
incongruent word. The 83,33% incongruency was made up of 58,33% of participants who
perceived the word “ukulina”, 16,67% who perceived the word “ukulinga” and 8,33% who
perceived the word “ukulile”. The incongruency was created by dubbing the audio of [ukulima]
“to plough” with the visual of [ukulila] “to cry”. The minimal pair contrasted in the [m] and [1]
sound. Therefore, the 58,33% of participants that perceived the word “ukulina” merged the
acoustic properties of the [m] (voiced, bilabial, nasal) and [I] (voiced, alveolar, lateral
approximant) sound and perceived an [n] (voiced, alveolar, nasal) sound. The other 16,67%
who perceived the word “ukulinga” perceived the [m] and [1] sound as [ng]. Another 16.67%
produced the visual of the word “ukulila” (to cry) whilst 8, 33% perceived the word “ukulile.”
This relates that the visual modality took precedence over the vocal modality as no participant
perceived the word “ukulima” (to plough). This shows that a majority of participants perceived
an incongruent word whilst the remaining 16,67% perceived the alveolar lateral approximant

[1] sound which was through the visual stimulus.

Interestingly, in the last stimulus, 100,0% of participants produced the vocal of the word
“ukusala” (to remain) relating that the vocal modality was favoured over the visual modality.
Due to 100% of participants observing the word “ukusala” (to remain) the voiceless, alveolar,
fricative in [s] was perceived better through an auditory stimulus compared to the voiced

alveolar fricative of the [z] which was presented visually.
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In the first minimal pair when the audio of the word [isitho] (organ) was dubbed over the visual
of the word [isipho] (gift) the difference in the word is in the [t"] and [p"] of the sound. Both
the [t"] and [p"] are plosives with [t"] being an alveolar and [p"] being a labial. Therefore, the
merging of an audio plosive [t"] and visual labial [p"] resulted in 75,0% incongruent perception
and 25,0% vocal perception. In the second stimulus when the vocal [ukulima] (to plough) was
dubbed over a visual [ukulila] “to cry”, 83,33 % per cent of participants perceived an
incongruent form of the word while 16.70% perceived the visual of the word. This shows that
when the properties of the place and manner of articulation of two sounds differ there is a
higher chance of an incongruent word being perceived. In the last stimulus, the audio of
[ukusala] (to remain) was dubbed over the visual of [ukuzala] (to bear) had no incongruent
responses as all the participants recalled and perceived the audio of the word which was
[ukusala] (to remain). What can be noted here is that when the two sounds [s] and [z] shared

the place or articulation, and manner of articulation no incongruent response was perceived.

4.6 Summary of chapter

This chapter provided an analysis of the results obtained. The results displayed that participants
could successfully recall words in an auditory condition however, it was more difficult to detect
tone differences in an audio-only condition. The visual-only condition highlighted the
difficulty L2 speakers had in perceiving lexical cues visually. Overall, the results revealed that
in the audio-visual condition, participants performed best in recalling words and detecting time
between words. Providing participants with both an auditory stimulus and a visual stimulus

yielded the best perception of lexical cues in L2 speakers.

The incongruent condition saw the most variation in responses. The results varied based on the
stimuli presented to the participants. In the first incongruent stimulus, the majority of
participants perceived an incongruent word while the remaining 25% perceived the vocal form
of the word. In the second incongruent stimulus, most of the participants perceived an
incongruent word whilst 16,70% perceived the visual form of the word. While in the last
stimulus no participants perceived an incongruent word as all of the participants recalled the
audio of the word. It is interesting to note that when the phonemes shared a place and manner
of articulation the stimulus did not yield an incongruent perception. The following analysis will

be discussed in the next chapter.
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CHAPTER 5

Discussion and conclusion

5.1 Introduction

The purpose of this study was to examine the extent to which young adult L2 bilinguals benefit
from audio-visual speech. In order to achieve this, young adult learners aged between 17 and
29 years who were late isiZulu learners were selected. The participants were university students
with various levels of exposure to isiZulu as an L2 ranging from 8 to 36 months of exposure.

This study aimed to answer the following question:

Research Question 1: What is the effect of modality on speech perception in young bilingual

adults?

Research Question 2: How do different stimuli affect the way L2 bilinguals perceive audio-

visual speech?

In order to answer the above questions four conditions with varying perception modalities were

introduced to participants. The conditions were:

a.) Audio-only condition

b.) Visual-only condition

¢.) Audio-visual condition

d.) Incongruent condition

The findings were conducted to respond directly to the research questions. The main areas of

focus identified were the difficulty in detecting tonality in a visual modality, the modality

which received the best results was the audio-visual modality, while the most varied results

occurred in the incongruent condition.
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The following discussion is broken down in line with the study's research questions and the

main identified themes from the results are explained below under each headed question.

Research Question 1: What is the effect of modality on speech perception in young bilingual

adults?

In order to answer Research Question 1, three conditions were conducted, and the overall

results are discussed accordingly.

In Condition 1: Audio-only condition

Using audio clips consisting of various tonal and minimal word pairs participants were asked
to recall what they had heard on these clips. Overall, the results revealed that participants
performed well in detecting words they had heard from a vocal-only modality only (across both
tonal and minimal pair stimuli). However, the participants faced difficulty in detecting the tonal
difference between two words of a tonal pair. Similarly, participants performed better in
identifying the tonal difference between words when they were first introduced to the LHT
word first. This experiment also revealed that individuals recalled and found it easier to make
a distinction between the [i] sound compared to the [u] sound and that the [0] sound was not

perceived as well as the [a] sound.

In Condition 2: Visual-only condition

In this condition, participants were twice introduced to a visual (without audio) clip before they
were asked to choose from among four words the one word they perceived to be in the visual
clip. Throughout the study, participants across the study had increased difficulty in making out
the words with a visual-only modality. Only after the second exposure to the clip together with
the four options did they choose the word they believed to be most similar. The experiment
revealed overall that the [z] and [t"] was perceived well the sound that participants had the

most difficulty in perceiving with the visual-only stimulus was the [s] sound.
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In Condition 3: Audio-visual condition

In this experiment, participants were asked to recall the words they observed. The clips
participants were exposed to consisted of both the audio and visual modalities. In the audio-
visual condition, participants performed well in recalling words across both the tonal and
minimal pair stimuli. The key finding was that participants found it easier to detect the tonal
difference between tonal pairs when they were exposed to the LHLLT word first. For the
minimal pair stimuli, participants performed well overall in recalling the word they were

exposed to.

Research question 2: How do different stimuli affect how young L2 bilinguals perceive audio-

visual speech?

To answer this question, participants were introduced to incongruent stimuli and the results

were as follows:

In this experiment, participants were exposed to three incongruent stimuli. The incongruency
was created by dubbing the audio of one sound over the visual of another sound (McDonald &

McGurk, 1976). The results of each stimulus varied widely and will be explained below:

For the first stimulus the audio of the word “isitho” (organ) was dubbed over the visual of the
word “isipho” (gift). After being exposed to the clip once the participant's results revealed that
25% of the participants recalled observing the vocal of the word “isitho” (organ). 8,30% of
participants recalled the word “isimtho” here participants added the [m] sound, which is a
voiced, bilabial, nasal before the vocal of the word “isitho” (organ) to create “isimtho”. The
other 66,70% of participants, however, recalled a newly created word “isiptho”. This newly
created word “isipto” was created by participants as they fused the vocal [t] (voiceless, alveolar,
plosive) sound in “isitho” (organ) with the visual of [p] (voiceless, bilabial, plosive) found in
the visual of the word “isipho” (gift) participants, therefore, eliminated the [h] sound

(voiceless, glottal, fricative).

In the second stimulus the vocal of the word “ukulima” (to plough) was dubbed over the visual

of the word “ukulila” (to cry). In this stimulus, results revealed that 16,7% of participants
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recalled the visual of the word “ukulila” (to cry). The other 83,30% of participants either
recalled the word “ukulinga” In this realization participants eliminated the [m] (voiced,
bilabial, nasal) and [1] (voiced, alveolar, lateral approximant) sound and added a [ng] sound to
create “ukulinga” or recalled the word “ukulina”- in this word, participants fused acoustic
properties from both the [m] (voiced, bilabial, nasal) and [I] (voiced, alveolar, lateral

approximant) sounds and replaced it with the [n] sound (voiced, alveolar, nasal).

The third stimulus saw the vocal of the word “ukusala” (to remain) being dubbed over the
visual of the word [ukuzala] “to bear”. This stimulus was clear-cut as all participants recalled
the vocal of the word [ukusala] “to remain”. This revealed that the vocal of the [s] (voiceless,

alveolar, fricative) was realized better than the visual of [z] (voiced, alveolar, fricative).

Based on the above findings, each question will now be broken down and discussed.

5.2 Research question 1:

5.2.1 What is the effect of modality on speech perception in young adult bilinguals?

To investigate the above question, participants were introduced to three different conditions.
Each condition contained stimuli from different modalities (i.e. audio-only, visual-only and
audio-visual stimuli). This study chose to use a recalling task as recall protocols supply insight

into the organization of stored information, retrieval and perception.

In the audio-only condition of tonal pairs, overall participants performed well overall in
recalling the tonal and minimal pairs they were exposed to. The difficulty, however, arose after
hearing both word pairs. Participants were asked whether or not the words, they heard were the
same or not. This answer provided insight into whether participants could distinguish tonal
differences between words through an audio-only stimulus. In the first stimulus pair “bona”
(they) and “bona” (to see) 87,50 % of participants observed a tonal difference between the
words while in the stimulus pair “dima” (be tasteless) and “duma” (to roar) only 79, 19% of
participants observed a tonal difference in the word. In this study the participants distinguished
the tonal difference more often when exposed to the LHT word first and thereafter the HL'T
word. In the audio-only minimal pair condition, participants performed well in recalling what
they heard. The word with the most incorrect responses was [ibhola] “ball” with the

distinguishing [o] sound.
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Pisoni (1993) related that introducing L2 listeners to various instances of L2 sounds presented
through different modalities and in different conditions could lead to successful perceptual
training. The perception of speech does not follow a specific pathway for all listeners; thus
speakers construct perception in a way that will best adjust the acoustic-phonetic properties of
that particular language’s conditions. The accuracy of speech perception is best represented
through the contrasts that exist in the acoustic reality and the actual understanding of one’s
native language. For example, an experiment revealed that American English and Japanese
listeners differed considerably in their perception of /ra/ and /la/ when these syllables were
introduced in the context of speech but not when they were introduced in non-speech contexts
(Goto, 1971; Miyawaki et al., 1975). This revealed that Japanese and American English
listeners executed uniformly when perceiving the central acoustic properties that differentiate
the English consonants of /r/ and /1/ when performed in a non-speech context. This shows that
when participants heard the acoustic properties that contrasted the two consonants in a speech
context, their language-specific knowledge directed their prejudice between such contrasts.
However, when the auditory contrast was found in a non-speech context an individual’s general
auditory processing guided their prejudice. Similarly, in another study on the perception of
phonotactics in French and Japanese listeners, it was revealed that participants phonologically
recognised the contrasts permitted in their linguistic repertoire while they auditorily
distinguished illegitimate differences (Morison et al., 2023). These studies suggest that the
variation between speech perception and auditory perception exists based on how the
individual observes the phonological changes differently from the auditory changes. This is

largely based on their L1 which in this study was English.

How individuals utilise articulatory cues is based on the participant’s L1, the number of
visemes in the L1 phonetic inventory and whether or not it is a tone language. These are all
factors that could affect how L2 speaker’s perceive non-native cues (Li, 2015). In this study,
participants had more difficulty in detecting tone through an auditory condition compared to
an audio-visual condition. However, L1 English speakers of a non-tone language most likely
do not have effective sensitivity to tone as tone does not exist in their L1. Thus, as new adult
bilinguals, they may have difficulty in perceiving non-native contrasts especially when they do
not exist in their native L1 (Pereira Reyes & Hazan, 2021). The result of various research

studies have been in agreement with this, concluding that learning lexical tone as an L2 speaker
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is challenging (Schaefer & Darcey, 2014; Wang, 2013; Wayland & Guion, 2004). Non-tonal
L1 speakers do not perceive tones categorically (Hall€ et al., 2004; Peng et al., 2010; Wang et
al., 2020) and their perception of tone varies across languages and conditions (Wang et al.,

2020).

In the visual-only condition, participants performed well overall in recalling non-native words.
The detection of tonality was marginally higher in the audio-visual condition. However, the
visual-only condition yielded satisfactory results. The satisfactory rate of tone detection in the
audio-only condition could also be the result of the stimuli not being as challenging for the L2
speaker. It is however, important to note that in the visual condition, additional cues were
provided to participants (such as being exposed to the stimuli twice and having a list of words
to choose from where participants could pick the word that they believed best resembled what

they observed in the clip).

In the visual-only condition, participants had difficulty recalling the word after being exposed
to it for the first time. Only after the second exposure and through providing participants with
a set of options were they able to select a word they found best resembled what they observed
in the video clip. The visual-only word that was perceived best visually only was “isithelo”
(fruit); its word pair “isitini” (brick) also performed well. In the second stimulus, participants
perceived the [z] sound in “ukuzala” (to bear) which is a voiced, alveolar, fricative better than
they perceived the [s] voiceless, alveolar, fricative in the word “ukusala” (to remain) through
a visual modality. In the visual-only modality, participants were not able to grasp the word at
first and needed additional exposure to the word together with options in order to grasp the

word they had observed visually.

In the visual modality of this study, participants were adequate in perceiving words from a
visual modality. However, participants were exposed to the stimulus twice and were provided
options for the word they believed best resembled the word they had observed. The good
perception rate seen in the results may be because participants were provided with options of
words they thought best suited what they were exposed to. Therefore, it could be said that
participants were proficient enough to relatively easily comprehend the phoneme contrasts

without great difficulty. This reveals that non-native L2 speakers do in fact utilise visual cues
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to comprehend what they have seen. This is in agreement with studies such as Montero Perez

(2022) who revealed that audio-visual exposure to L2 speech aids in L2 development.

The extent to which L2 speakers make use of visual cues in speech perception is dependent on
the informational value of the cues. The use of visual cues differs based on how much
information they relay. The degree of salience of the visual cue is another prominent factor this
can be seen in bilabial and labiodental contrasts which are particularly salient and influence
perception more often than alveolar sounds (Hazan et al., 2006). This is relevant as it provides
information on the extent to which visual cues can aid non-native L2 perception. Therefore,
audio-visual information can aid in the perception of L2 contrasts particularly when they do
not exist in the L1 (Hazan et al., 2006). This evidence correlates with the study as it revealed

that visual information can only aid perception based on the information value they carry.

Hazan et al., (2006) studied how visual cues affect perception in non-native consonant
contrasts. The study investigated the visual salience of English contrasts and used (/b/-/p/) and
the (v) consonants together with the /r/ and /1/ contrasts. These visual contrasts were tested in
Spanish, Japanese, and Korean speakers of British English. As in the present study, the
participants were introduced to three different conditions- Video-only, Audio-only and Audio-
visual. For the (/b/-/p/) and the (v) consonants, participants achieved well in the audio-visual
and audio conditions highlighting the importance of the audio-visual cue. With regards to the
/r/ and /1/ contrasts the study found no audio-visual benefit. The results from Hazan et al. (2006)
were similar to this study as both highlight the audio-visual benefit when providing in non-

native cues.

Kluge et al. (2009) used the basis of Hazan et al. (2006) as the basis for research into the use
of visual cues in the perception of English cues in Brazilian English as a Foreign Language
(EFL). Kluge et al. (2009) used word-final nasals /m/ (bilabial) and /n. (alveolar) to investigate
any trouble Brazilian English learners could have when they encounter nasal consonants in
final-word positions. Although Kluge et al. (2009) study revealed that the audio-visual
condition resulted in the correct identification of both bilabial and alveolar nasal consonants
the study also revealed that the visual-only condition was not the most strenuous. Therefore,
the studies of both Hazan et al. (2006) and Kluge et al. (2009) align with the results in this
study highlighting the importance of the audio-visual condition in the perception and

identification of non-native contrasts.
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The difficulties L2 speakers had in detecting isiZulu words through a visual-only condition
may be due to L2 speakers having to learn how to make use of L2 visual cues. Hazan et al.
(2006) and Wang et al. (2009) also argue that the perception of L2 cues is based on the
experience participants had with visual cues in their L1. Therefore, making non-native L2
speakers aware of visual cues they could benefit from could allow them to benefit from visual

cues.

In the audio-visual modality participants performed well in recalling the word they had been
exposed to through the different stimuli. There was a high success rate in the identification and
recall of L2 isiZulu tonal and minimal pairs. Despite some errors in the tonal pair stimulus,
participants performed well in recalling what they observed from an audio-visual modality.
Compared to the audio-only modality, participants had a higher success rate in detecting the
existence of a tonal difference through an audio-visual modality compared to an audio-only

modality.

Rosenblum (2008) reported that during L1 perception of auditory and visual information is
assessable and affects speech perception. The weighting of these two modalities however could
be influenced by an individual’s visual speech-reading capacity, phonemic context of sounds
and the particular environment in which they perceive the sound or language (Massaro et al.,
1993; McGurk & MacDonald, 1976; Owens & Blazek, 1985). The bimodality of speech in L1
has been well established (Rosenblum, 2008). The focal point of L2 speech perception has been
centred around the auditory channels, while the influence of visual cues in L2 perception has
not been studied as intensively although some studies have found benefit (Hardison, 2009,
2003; Hazan et al., 2005; Hazan et al., 2006; Wang et al., 2008). This is in line with the current
study that found that L2 speakers had performed well in recalling L2 words and detecting

tonality when the stimulus presented to them consisted of audio and visual modalities.

Studies have also suggested that adults pay more attention to the mouth of a speaker when
perceiving fluent L2 audio-visual speech (Birulés et al., 2020). The difficulty of the task
presented to participants could also influence the extent to which L2 speakers rely on audio-
visual cues accessible to them. Visual cues support auditory speech in multiple ways. For
example, lip movements supply high-level phonemic representants ( Bourguignonet et al.,
2020), and visual motion information and provide insight into time (McGrath & Summerfield,

1985). If adult speakers assign their attention to particular features of the talker such as their
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eyes or mouth it is plausible that their proficiency in an L2 could affect their distribution of
attention whether it be to the talker’s eyes or mouth. However, it is rare for a late L2 speaker
to achieve native-like fluency (Lecumberri et al., 2010) hence, compared to L1 speakers, L2
speakers may always be reliant on visual cues such as the talker’s mouth compared to L1

speakers.

In contrast, other studies have revealed that adults rely more on visual cues such as the talker’s
mouth when they have to perceive L2 speech in noisy conditions in contrast to their L1
(Barenholtz, 2016; Buchan et al., 2008, Lansing & McConkie, 2003). This is because
perceiving L2 speech is cognitively more demanding than perceiving native L1 speech
(Borghini & Hazan, 2018). Studies have also shown that non-native speakers focus on the
talker’s mouth regardless of their L2 proficiency (Birulés et al, 2020). This relates to audio
modality together with a visual modality offer supplementary cues which likely allow L2

speakers to conquer the processing of uncommon linguistic input.

The overall satisfactory results of the participants in the audio-visual condition highlighted that
both auditory and visual modalities enhance the perception of non-native cues. Participants
performed well in detecting tonality in the audio-visual condition compared to the audio-only
condition as the visual cues aided their perception. This is in line with the main findings of
Barenholtz and colleagues (2016) whose study highlighted that participants’ fixation on the
mouth increased when they were presented with non-native language stimuli. L2 development
is also stimulated by audio-visual cues (Long, 2019, Murphy et al, 2020). This shows that

multimodal input of both the auditory and visual stimulus increased perception.

When learning an L2 individuals have to perceive new phonemic categories that are weighted
differently from the individual’s L1 (Cutler & Broesma, 2011, Strange & Shafer, 2008; Ylinen
et al, 2010). This means that cues that are important in the person’s L1 may not be as crucial
in the L2 (Holt & Lotto, 2006); therefore it is likely that new L2 speakers depend on secondary
cues in perception tasks rather than the important cues used by L1 speakers of that language.
Moreover, it can be said that new L2 learners may weigh language cues differently depending
on their L1. This means it is necessary for L2 learning and teaching for new speakers to be
guided through the correct modality (that is audio-visual) to focus their attention on particular
cues for effective perception and identification of L2 speech sounds. Therefore, the modality

in which new L2 speakers perceive L2 speech sounds has consequences for their language
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learning particularly in instances when: (1) their L1 has transparent orthography and their L2

has an opaque orthography and (2) between tonal and non-tonal languages.

Results in the study also noted that the best modality for L2 speakers to perceive L2 words and
detect tonality between words is in the audio-visual modality. The combination of visual and
verbal cues associated with the audio-visual modality provides a positive impact on L2
learning. Visual imaging found in visual learning strengthens new L2 speakers meaning
inference and the recognition of vocabulary (Chung, 1996). In this study in the audio-visual
condition, the stimulus consisted of isiZulu tone word pairs and minimal pairs; here the tone
words together with the minimal pair words saw participants being introduced to relatively
unfamiliar sound contrasts (such as tone they may not have encountered often in their L1).
Participants performed well in recalling minimal pair and tone pair words and had even greater
success in detecting tonality between word pairs in the audio-visual condition. This is in line
with the findings of other researchers who revealed, particularly when they deal with non-
native speech sounds, L2 listeners benefit from lip reading in audio-visual conditions
particularly when they deal with non-native speech sounds ( Cutler et al., 2008; Wang et al.,
2008; Wang et al., 2009). The lip reading benefit in the audio-visual condition extends to
affecting the auditory speech process. This can be seen when visual information provides high-
level phonemic representations (Bourguignon et al., 2019) and visual motion information
(McGrath & Summerfield, 1985; Vroomen & Keetels, 2010). Moreover, studies on the effects
of lip-reading on speech perception have highlighted the facilitating role of visual articulatory
information in the perception of speech (Aller et al., 2022; Piquard-Kipffer et al., 2021; Waldon
et al., 1990). Therefore, it can be concluded that together with acoustic cues, visual cues aid in

L2 word perception.

A property of speech with a different function in different languages is pitch variation. Based
on how pitch is used, certain elements in tonal languages are unique in Indo-European
languages. Specifically, in English intonational variation contributes to pragmatic and
emotional information (Wichmann, 2004, 2005). However, pitch in the English language does
not change word meaning. Therefore, English speakers do not treat tone in a distinct way; nor
do they adjust tone in lexical representation (Chen et al., 2016; Hay et al., 2014; Liu & Kager,
2016; Quam & Swingley, 2010). Similarly, even though non-tonal speakers are cognisant of

the acoustic properties of lexical tone these tones remain a strange suprasegmental feature.
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Results in this study revealed that new adult bilinguals do face difficulty in detecting tonal
differences between words. This is in line with results from various other studies which
explored adults’ learning tones and found that lexical contrasts are challenging for L2 speakers
(Cooper & Wang, 2013; Hao, 2012; Schaefer & Darcey, 2014; Showalter & Hayes-Harb, 2013;
Wayland & Guion, 2004). This difficulty is more noticeable for speakers whose L1 does not
make use of pitch height or contour in a contrastive technique (Antoniou & Chin, 2018).
Various studies revealed that new non-tonal L2 speakers utilise very different techniques to
understand lexical tone compared to native tonal speakers (Francis et al, 2008; Peng et al.,
2010, Wu & Lin, 2008). Similarly, Mattock et al. (2007) reveal that different tone categories
exist across languages. In native Mandarin for example native speakers deal with frequency
contour when perceiving tonal contrasts wherein they begin to zone in on the direction of
change (e.g., the rising versus falling) of pitch height (Liu & Samuel, 2004). Wang et al. (2003)
revealed that native English speakers make us of the height of tones for Mandarin tonal
contrasts only which results in inaccuracy during tonal processing (Wang et al., 2003).
Concerning this study, isiZulu is a tonal language which means that a slight difference in tone
to various words could lead to a change in the meaning in words. Differences in tone are also
crucial in distinguishing one construction or tense from another. The lexical tone is thus a
demanding facet of L2 learning. In studies by Lin (1985) and Qin et al. (2021), L2 speakers
exhibited a poor performance rate even after some exposure to tone. Adults have particular
difficulty perceiving non-native contrasts. Studies researching the learning of tones of by adults
show that lexical tone contrasts are challenging for new L2 speakers (Showalter & Hayes-Harb,
2013). L2 speakers with a non-tonal L1 struggle to recognize tones categorically (Peng et al.,
2010; Wu & Lin, 2008) and the perception of these tone categories differ across languages and
various conditions (Qin & Jongman, 2016). Therefore, both native and non-native tonal

speakers depend on the feature of pitch which aids in their native language.

In the audio-only and audio-visual conditions concerning the tonal pair words, the first word
in the tonal pair was presented to participants wherein they recalled the word they observed;
thereafter, they had to recall the word they perceived and were asked whether the two words
were the same or not. The method in which participants were introduced to the stimuli could
have affected whether they perceived the tonal difference in the word pair. Interestingly,
additional factors such as time could affect (phonological to basic auditory) sound

discrimination of speech. The study by Werker and Logan (1985) showed that English



114

participants were able to perceive the contrasts between the dental and retroflex Hindi stops
whenever the time between the stimuli where the distinction occurred was narrowed. This
means that when the stimuli are introduced together the auditory properties aid in
differentiating the words compared to when there is a prolonged time between them, and

listeners only depend on abstract phonological representations.

Another component that could have affected the perception of stimuli is the L1 of participants.
All the participants in this study had English as their home language. Numerous components
have been shown to affect the perception of L2 sounds. The link between an individual’s native
language and L2 sounds can influence how new L2 phonemes are perceived (Iverson & Evans,
2009). This can be seen in Spanish participants who at first perceive English /i:/-/1/ contrasts
as two separate entities of their Spanish L1 /i/. This is because the English /i:/ is closely
perceived with the Spanish /i/category in contrast to the English/1/ which is perceived as a
substandard of Spanish /i/ (Flege et al., 1995; Flege & MacKay, 2004; Morrison, 2008). In
addition to the above information, the size of a particular language inventory could also affect
the perception of L2 speech. Individuals whose L2 have a smaller vowel inventory display
substandard recognition and learning performance compared to individuals with a large vowel

inventory (Iverson & Evans, 2009).

Regarding the theoretical frameworks the study aligns with the PAM which holds that an a
speaker’s L2 perception of non-native contrasts is determined by their L1 (Bohn & Munro,
2009). This can be seen as participants had difficulty with aspects such as detecting tone. Tonal
detection is a new concept for the participants as it is not present in their L1 English, hence

they would have more difficulty with acquiring this concept.

Therefore the results of this study highlight and are in support of the notion that audio-visual
stimuli are helpful in non-native speech perception. Audio-visual cues aid in perceiving speech
that is more demanding (Ross et al., 2006). Although L2 speakers can effectively recall stimuli
from an auditory stimulus, through an auditory-only or visual-only stimulus they may struggle
perceiving non-native cues such as tone. The integration of both auditory and visual stimuli
aids L2 speakers in improving and developing their perception skills which is necessary in non-

native language development.
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5.3 Research Question 2:

5.3.1 How do different stimuli affect the way L2 bilinguals perceive audio-visual speech?

In exploring incongruent stimuli as a measure of audio-visual integration an important finding
in Experiment 4 was the variation in responses across the incongruent stimuli. Individual
differences in the perception of incongruent stimuli within the participant’s group were noted

and will be explained below:

This research study aimed to investigate the use of incongruent stimuli as a measure of audio-
visual integration. This was accomplished by introducing participants to incongruent stimuli
where the audio of one word was dubbed over the visual of another word. Three occurrences
could have taken place in this condition after being exposed to the incongruent stimuli: first,
participants could have perceived the audio form of the word, secondly, the participants could
have perceived the visual form of the word or lastly, the participants could perceive an
incongruent word meaning it was not the visual or vocal of the word, rather a new form of the

word.

To answer the question above, the auditory-visual speech was explored with the partcipants
using the McGurk effect. The stimuli used were in the participant’s non-native language of
isiZulu. The McGurk effect used incongruent syllables as a measure in this study we used
minimal pairs of isiZulu wherein the audio of one minimal pair word was dubbed over the
visual of the corresponding minimal pair word. Previous studies have revealed that the
processes of speech perception tend to depend on the projection value between the audio and
visual mental representations within the individual’s native language (Hazan et al., 2006; Jesse
& Massaro, 2010). Based of the two modalities and centered on these projection values based
on the two modalities a choice is made on the perceived speech. The native language mental
representation which best matches the audio-visual speech input is likely to be the one that is

perceived.

In testing for the McGurk effect, the results revealed consistent variability in responses across
all three incongruent stimuli. It was observed in the first incongruent stimuli when the vocal of
the word “isitho” was dubbed over the visual of the word “isipho” the McGurk effect was

elicited in 75,0% of participants. Within this 75,0%, 8,30% of participants recalled the word
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“isimto” whilst 66,70% of participants recalled the word “isipto”. The 8,30% accounts for one
participant that deleted the aspiration in both the vocal and visual of the word and replaced it
with the consonant [m] (voiced, bilabial, nasal). In both instances, participants removed the
aspirated sounds of [t"] (aspirated, alveolar, stop) and [p"] (aspirated, bilabial, stop) and either
replaced them with another consonant or fused the two aspirated sounds. In the elicited word
“isipto” 66,7% of participants fused the [p] sound found in the audio of the word [isipho] with
the [t] sound found in the visual representation of the word [isitho]. The remaining 25% of
participants recalled the vocal (isitho) of the word revealing the vocal dominated the visual of
the word. These results show that when the McGurk effect was not elicited participants favored

the vocal modality of the word.

In the second stimulus where the vocal “ukulima” was dubbed over the visual of the word
[ukulila], 16, 70% of participants recalled the word “ukulinga”. The [ng] sound was created by
deleting the [ma] sound in “ukulima” and the [la] sound in “ukulila”. The majority of
participants (58,0%) in this stimulus however produced the word [ukulina]. Essentially
participants perceived the vocal [m] sound with the visual [1] as an [n] sound. The [m]
acoustically is a voiced, bilabial, nasal while the [1] is a voiced, alveolar, lateral approximant,
participants therefore borrowed the acoustic properties from each of these sounds to and
perceived the [n] (a voiced, alveolar, nasal). The remaining 25% of participants, however,
perceived the visual of the word which was [ukulila]. Although the responses to the McGurk
effect varied the average McGurk perception was consistent throughout the study revealing
that the stimuli elicited the illusion in the majority of the participants. These results reveal that

when the McGurk Effect was not elicited participants favored the visual perception of the word.

Interestingly in the last stimulus where the vocal of the word [ukusala] was dubbed over the
visual of the word [ukuzala], all participants perceived the vocal modality of the word. This
shows that the [s] voiceless, alveolar fricative is perceived better vocally than the [z] voiced,
alveolar, fricative. The key element in this stimulus is that the dominant difference between the
two words the [s] and [z] shared the same acoustic properties in the place of articulation and
manner of articulation, respectively; therefore, participants did not perceive a new sound rather
the vocal modality seemed to be stronger than the visual modality. This is new evidence of the

effect of modality on audio-visual perception. This stimulus also revealed that L2 isiZulu
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listeners rely less on visual cues during the perception of speech when the incongruency of the

sound shares acoustic properties of manner and place of articulation.

The results of the three stimuli presented to participants results varied considerably across each
stimulus. These results are congruent with studies investigating the use of visual cues in native
language; in the latter studies, contrasts were found in the percentage of McGurk elicitations
between Chinese (Cantonese), Japanese and English participants (Sekiyama, 1997, Sekiyama
& Burnham, 2008). Distinctions were also present in the McGurk effect between Japanese,
Spanish and English individuals (Massaro et al., 1993). Interestingly, it was revealed that
Japanese participants depended less than Spanish listeners on visual cues (Hazan et al., 2006).
The reasoning behind this finding was provided by Sekiyama (1997) who revealed that
decreased dependence on visual cues found in Chinese. The latter language uses tones while
Japanese uses pitch accents. however, this reasoning cannot broadly be applied to this study as
the majority of participants spoke English as an L1 and this does not rely on pitch accents while

the L2 in this study, isiZulu, however, is a tonal language.

This data can be linked to the Fuzzy Logical Model of Perception proposed by Massaro (1989)
regarding perceptual bias which is based on the visual mental representations of the native
language. The process of speech perception is thus malleable in situations where there is a
change in weighting from an auditory or visual input depending on the necessary information
acquired from each modality. Luce and Pisoni (1998) proposed the Neighborhood Activation
Model which suggests that the perception of audio-visual speech is dependent on the declared
power of an individual’s native language visual cues and the weight of phonetic visual
neighbourhood. Therefore, it can be said that audio-visual perception of incongruent stimuli in
isiZulu is an intricate process that is often based on the interplay between the relevant audio
and visual cues present. When there is a clear match between the auditory and visual cues the
matching native language representation is then said to be strong (Peelle & Sommers, 2015).
The place of articulation can also affect the visual perception of the phoneme (Alsalmi, 2016).
Alternatively, when the auditory and visual cues are incongruent, then the speech input which

has greater predictive power will largely control the perception process.

To account for contrasts in mental perception, previous research studies have distinguished

participants as being strong or weak perceivers of the McGurk effect (Berger & Ehrsson, 2013)
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in children (Nath et al., 2011) and adults (Strand et al., 2014). Various factors such as phoneme
space, perceptual strain in labial versus non-labial discrimination and cultural traits can
influence the McGurk effect. In this study, it was noted that when the merge incongruent
stimuli consisted of the same place of articulation and manner of articulation participants were
more likely to observe either the visual or vocal modality instead of perceiving a new sound.
Previous studies have also noted variation in incongruent stimuli, Getz and Toscano (2020),
for example, illustrated a notable top-down effect on the illusion and asserted that the McGurk
effect should not be considered a powerful illusion rather it should be seen as a consequence
that exists for some individuals under certain task and stimulus conditions. Another study
similarly revealed that some of the variation of the McGurk effect was due to talker distinctions
(such as facial features or the articulation of syllables) (Jiang & Bernstein, 2011). Yet, other
researchers found that individuals who are more inclined to the perception of auditory stimuli
are less likely to perceive the McGurk effect (Proverbio et al., 2016). Therefore, it can be
revealed that the perception of incongruent stimuli is based on the exposure to a particular
stimulus and the cultural conditions of a particular individual. However, in this study, we found
that it was found that when incongruent isiZulu stimuli share the same place and manner of

articulation participants are less likely to perceive a new sound.

Using the McGurk effect as a tool for multisensory integration, however, means that it is not
possible to ascertain whether the stimuli the observer is exposed to will elicit a response
matching the actual percept (Tona et al.,2015). When integration does not take place, it is likely
the participant will observe the components separately and perceive either what they heard, or
they saw (Tiippana, 2014). However, when a participant perceives a word that differs from the
stimulus percept, this means that they may not rely on one modality alone rather they fuse the
information from both (Tippana, 2014). The variation of responses amongst participants in this

study could mean that participants relied on both auditory and visual stimuli during perception.

Therefore, the results yielded in this study reveal that although there is a variation in the
incongruent condition responses the McGurk effect illusion was elicited in the majority of the
stimuli. Similarly, when the audio and visual stimuli are incongruent, the speech input with
greater power is likely that the speech input with greater power will controls the individual’s

perception.



119

5.3 Conclusion

This study examined the extent the which young adult bilinguals benefit from audio-visual
speech. In examining this the study focused on the effects of modality on speech perception
and how different stimuli affect how L2 bilinguals perceive speech. It was revealed that
participants were able to accurately recall words well through an audio-only modality and an
audio-visual modality. However, participants had more difficulty in picking up the difference
in tone between tonal pair words in the audio-only condition compared to the audio-visual
condition. Therefore, it was found that L2 learners perceived and recalled speech best through
an audio-visual modality where they had greater success in identifying and detecting tonal
differences between tone word pairs. Moreover, this study revealed how incongruent speech
is perceived differently depending on the stimulus presented to participants. The results yielded
in this study differed depending on the stimulus being presented. Interestingly, it was found
that incongruent speech does not result in the creation of a new sound when the incongruent
stimulus made up of the vocal and visual of the word share the same place and manner of
articulation. In this instance, the study showed that all participants perceived the vocal modality

of the word.

Visual information from audio-visual speech is not essential for speech perception however,
when the L2 speakers are confronted with unfamiliar speech sounds not found in their L1 (i.e
tone, the visual modality together auditory modality can ease speech perception of non-native
cues and can lessen the cognitive load. This provides insight as to why L2 speakers may face
comprehension difficulties in communication when the visual modality is missing. This gives
rise to the importance of visual input in educational settings for new L2 speakers as the fusion
of audio and visual modalities of speech will aid in their comprehension and perception of
speech non-native speech sounds. In context to the world, we live in today, individuals are

utilising multimedia to aid L2 learning.

Multimedia comes in the form of visual stimuli that are used in L2 learning and testing. As
seen in this study new L2 speakers may benefit from audio-visual learning meaning that new
L2 speakers may benefit from audio-visual teaching instead of visual teaching alone. Similarly,

L2 teachers have to be aware of the benefit of audio-visual modalities on L2 perception
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(Hardison, 2018). Therefore, results from this study provide evidence of the importance audio-

visual modalities play in the perception of L2 speech.

The following study contributes to filling a research gap because limited research regarding L2
speech perception of Bantu languages has been carried out. Similarly, there is very little
evidence regarding which modality can best aid L2 learning of late Bantu languages. Exploring
the effects of modality in L2 perception can aid in formulating appropriate learning material
for L2 speakers. Similarly, developing appropriate multimodal learning materials can aid
various groups including hard-of hearing individuals, children with phonological disorders and

speech and language therapists in their clinical intervention.

5.4 Limitations and future recommendations of the current study

5.4.1 Limitations

The first limitation of this study is the relatively small sample size. The strict criteria
participants had to meet limited the number of participants, which meant it was challenging to
fully comprehend the nature of individual differences found in the perception of isiZulu as an
L2 speaker. Similarly, the sample size was not representative of genders in the general
population, and this meant that the effect of gender on L2 speech perception could not be
explored. While the findings provide insight into the different modalities that will aid in an L2
speaker’s grasp of non-native stimuli, the small sample size makes it difficult to fully grasp the
individual contrasts in L2 auditory and visual processing in speech perception. Understanding
the perception of a language by native and non-native speakers of isiZulu may provide insight

and a more nuanced view into the role of modality in second-language perception.

Another limitation could be the choice of the recall task used in the audio-only, visual-only and
incongruent conditions. A recall task may be difficult for early L2 speakers as they have to rely
on their listening comprehension and working memory capacity. Therefore, although a

participant may comprehend the stimuli, they might have difficulty remembering the word.

Despite the above-mentioned limitations, this study provided valuable information towards

learning isiZulu as second language. The findings can aid L2 teachers and curriculum planners
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in formulating effective L2 learning strategies that accommodate for the use of audio-visual

learning.

5.4 .2 Future recommendations

Knowing that audio-visual integration changes throughout a person’s lifetime, it will be
interesting to note the differences between young children’s and young adults’ perceptions of
their second language and how age might be a factor in a person’s L2 susceptibility. Using
integrated eye-tracking software this study will prove beneficial in understanding the nuances

related to L2 speech perception.

It will also be interesting to determine whether the perception of non-native lexical cues will
differ when the stimuli are marred by obstacles such as noise. This factor was not included in
the study therefore it was easy to determine the perception across audio, visual and audio-visual
conditions. However, adding an element such as noisy listening conditions could yield different

results or enhance the current findings.

5.5 Summary of chapter

This thesis provided new insights into how young adult bilinguals perceive speech. Regard the
first research question, the study concluded that the integration of both auditory and visual
modalities saw the best results in the perception of non-native cues. The results of this study
support the need for of audio-visual cues in L2 perception. The integration of audio and visual
stimuli can aid new speakers and provide them with necessary cues to improve their L2
perception, particularly in contrasts not found in their L1 language inventory. Concerning the
second research question, the study concluded that incongruent stimuli of non-native cues
resulted in varied responses among participants depending on the non-native stimuli provided
to them. However, it was noted that when incongruent stimuli sounds shared the same manner

and place of articulation, they are less likely to perceive a new word.

In conclusion, this study sought to find the extent to which young adults benefit from audio-
visual speech. The difficulty in detecting tone in audio-only conditions is in line with research

carried out by Showalter & Hayes-Harb, 2013; Wang et al., 2003, Wayland & Guion, 2004 and
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Wang et al., 2013 whose studies showed that lexical tones can be difficult for L2 speakers to
detect. Similarly, the results from the present study showed that the audio-visual modality
yielded the best perception. The latter results are in line with studies carried out by Hazan et
al. (2006). Overall, modality in second language learning is integral as it aids new speakers in
sound perception and in achieving second language fluency. Using different modalities
provides L2 speakers with nuanced and comprehensive skills in acquiring a second language.
Curriculum planners need to utilise such modalities in the teaching of a second language,

particularly when there are tone differences between the L1 and L2.
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Appendices

Appendix 1- Participation information sheet

University of the Witwatersrand

School of Literature, Language and Media
Good Day,

My name is Ammaara Seedat and [ am a Masters student in Linguistics at the University of
the Witwatersrand, in Johannesburg. My supervisor for this study is Dr Ramona Kunene
Nicolas. I am conducting a research study about audio-visual speech perception. The study is
titled “ Audio-visual Speech Perception amongst bilingual speakers”.

I invite you to participate in a session where you will be asked to view short video clips
followed by a question-and-answer session. If you decide to take part, your participation in
this research study will last about 30 minutes. This activity will occur at the Linguistics
Postgraduate lab at SH 3101 in the presence of myself and a translator.

With your permission, I would like to audio and video record this session. An eye-tracking
software will also be used to track eye-gaze movements during the study whereby pictures of
participants will also be necessary. The data will be stored on a password-protected drive and
computer and may however be used as secondary data for future studies. Only the researcher
and translator will have access to the video and audio recordings. Photos acquired during the
session may however be used in the research and it cannot be guaranteed that the individuals
face will be blurred during analysis of the video.

During this research study, I will need some personal information about you, including what
languages you speak and the timeline involved in the acquisition of that particular language.

The results of this study will not include your personal information. Your confidentiality will
be upheld as your personal response during the interview will not be disclosed to anyone
outside the research team. Please be aware that your face may be disclosed during analyses of
eye-tracking movements however your name will remain confidential. With your permission,
other researchers may use the data collected from this study, but your name and other
personal information will not be passed on.
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A decision to participate in this study should be because you want to volunteer. You are not
obligated to answer any questions if you do not wish to do so. There will be no direct benefit

if you wish to participate in this study. Participating in this research will not cost anything.
You will not be paid for participating in this study.

The study can be stopped at any time if the participant does not feel comfortable.

This study will be written as a research report and will be available on the university library
website.

If you have any questions during or before the study please feel free to contact me or my
supervisor on the details captured below. If you have any concerns or complaints about the
ethical procedures of this research study, you are welcome to contact the University Human
Research Ethics Committee (Non-Medical), by telephone +27(0) 11 717 1408, email
hrecnon- medical@wits.ac.za.

If at any time you may experience some distress due to the research activity please contact
CCDU BRAAMFONTEIN CAMPUS WEST [Main Office] located at the CCDU Building,
Braamfontein Campus West, Wits University. Email: infor.ccdu@wits.ac.za

Tel: 011719 9140/32

Yours sincerely, Ammaara Seedat

Researcher:
Ammaara Seedat
Email: 1848552 (@students.wits.ac.za Contact number: 073 594 0646

Supervisor:
Dr Ramona Kunene Nicolas
Email: Ramona.KuneneNicolas@wits.ac.za Contact number: 011 717 4183
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Appendix 2-Consent Form

Audio-visual speech perception amongst bilinguals
Name of researcher: Ammaara Seedat

I agree to participate in this
research project.

I agree to the following:

(Please circle the relevant options below)

YES NO
The research study was explained to me. I understand what this
study is about.
I understand that I can volunteer to take part in the study. YES NO
I agree that the interview will be audio recorded. YES NO
I agree that the interview will be video recorded YES NO
I agree to the use of eye-tracking software whereby photos will be YES NO
taken
to study eye-gaze patterns.
I agree and am aware that my picture may be used for eye-tracking YES NO

analyses wherein the picture may be unblurred.



I agree that direct quotations and pictures of eye-gaze patterns
from my interview may be used by the researcher in their research
report.

I agree that my participation will remain anonymous (my name or
other identifying data will not be used by the researcher in their
research report)

I agree that other researchers may use the information I provide in
my interview/focus group/other activity (depending on their own
ethics clearance being obtained) but my name and any personal
information will not be used or passed on.

I understand that I will not be paid for participating in this research
and that I have the right to withdraw from this project at any
stage

I agree to answering a questionnaire which will be used for analysis
in the study

.......................................... (signature)
.......................................... (name of participant)
.......................................... (date)

.......................................... (signature)

.......................................... (name of researcher/person seeking consent)

.......................................... (date)

YES

YES

YES

YES

YES
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NO

NO

NO

NO

NO



180

Appendix 3- Ethics approval

\

UNIVERSITY OF THE
WITWATERSRAND

JOHANNESBURG

Resnarch Offce
HUMAN RESEARCH ETHICS COMMITTEE (NON-MEDICAL)
R14/49 Seedat
CLEARANCE CERTIFICATE PROTOCOL NUMBER: H23/06/40
PROJECT TITLE Audlo-visual speech perception amongst blingual speakers
INVESTIGATOR(S) Ms A Seedst
SCHOOL/DEPARTMENT School of Literature, Language and Meda/
DATE CONSIDERED 23 June 2023
DECISION OF THE COMMITTEE Approved

Risk Level: Minimal
EXPIRY DATE 04 September 2026

~

DATE 05 September 2023 CHAIRPERSON, p ’}

(Professor J Watermeyer)

cc: Supervisor : Dr R Kunene Nicolas

DECLARATION OF INVESTIGATOR(S)

To be completed In duplicate and A SIGNED COPY returmed to the Secretary electronically. Unreported changes to the
application may Invalidate the clearance given by the HREC (Non-Medical)

IWe fully understand the conditions under which | am/we are authorized to carry out the abovementionad research and
liwe guarantee to ensure complance with these conditions. Should any departure be contemplated from the research
procedure as approved |/we undertake to submit an amendment of the protocol to the Committee. liwe agree to
completion of a regular progress report. For Minimal and Low Risk studies, this is due annually on 31 December.
For Medium and High Risk studies, this is due twice annually on 30 June and 31 December.

g‘”’ 06 ; 09 ; 2023

Signature Date

PLEASE QUOTE THE PROTOCOL NUMBER ON ALL ENQUIRIES
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Appendix 4- Audio-only condition coding

A-MP 1

MP1 | MP1 | MP2 | MP2

IDOF | IDOF | ID OF | IDOF | IDOF IDOF | IDWD | IDWD | IDWD | IDWD

LHT | HLT DIFF | HLT LHT DIFF 1 2 1 2
P1 18 | English 8 2 2 1 2 2 1 2 2 2 2
P2 19 | English 8 2 2 1 2 2 1 2 2 1 2
P3 19 | English 8 2 2 1 2 2 1 2 2 1 1
P4 19 | English 8 2 2 2 2 2 2 2 2 2 2
P5 19 | English 9 2 2 2 2 2 2 2 2 2 2
P6 20 | English 9 2 2 2 2 2 2 2 2 2 2

English/
P7 17 | Sesotho 9 2 2
P8 18 | English 9 2 2 2 2 2 1 1 2 2 2
English/

P9 18 | Sepedi 10 2 2 2 2 2 2 2 2 2 2
P
10 25 | English 12 2 2 2 2 2 1 2 2 2 2
P
11 22 | English 12 2 2 2 1 1 2 2 2 2 2
P
12 21 | English




Appendix 5-Visual-only condition coding
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Pseudonym | Age L1 MOE V-WP V-MP
IDOFWD | IDOFWD?2 | MPID W1 MP ID WD
1 [isithelo] | [isithini] [ukuzala] 2 [ukusala]
P1 18 | English 8 2 1 2 1
P2 19 | English 8 2 1 2 1
P3 19 | English 8 2 2 1 2
P4 19 | English 8 2 2 1 1
P5 19 | English 8 1 2 1 1
P6 20 | English 9 2 1 2 2
English/
P7 17 | Sesotho 9 1 2 1 2
P8 18 | English 9 1 1 1 1
English/Sep

P9 18 | edi 10 2 1 2 2
P10 25 | English 12 2 1 1 1
P11 22 | English 12 1 1 1 2
P12 21 | English 36 2 2 1 1
nzct(:)li'zlcrtlo' 5 5
X 1,67 1,42 1,33 1,42
% 83,33% 70,83 66,67 70,83




Appendix 6- Audio-visual only condition coding
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AVTP 1 AVMP 3 AVMP 4
Pseudon MO
ym |[Age| L1 |E
AV1.1:| AV 1.2
Tonal Tonal |ID OF AV 3.1:(AV3.2| AV4.1
LHLL | HLHL | DIFF MP MP MP |AV4.2 MP
P1 18 |English| 8 2 2 1 2 2 1 2 2 2 2
P2 19 |English| 8 1 2 2 2 2 2 2 2 2 2
P3 19 |English| 8 2 2 2 2 2 1 2 2 2 2
P4 19 |English| 8 2 2 2 2 2 2 2 2 2 2
P5 19 |English| 8 2 2 2 2 2 2 2 2 2 2
P6 | 20 |English| 9 2 2 2 2 2 2 2 2 2 2
P7 17 |Sesotho| 9 2 2 2 2 2 2 2 2 2 2
P8 18 |English| 9 2 2 2 2 2 2 2 2 2 2
Sepedi/
P9 18 |English| 10 2 2 2 2 1 1 2 2 2 2
P10 | 25 |English| 12 2 2 2 2 2 2 2 2 2 2
P11 | 22 |English| 12 2 2 1 2 2 1 2 2 2 2
P12 | 21 |English| 36 2 2 2 2 2 2 2 2 2 2
n= total

coI:éct 11 12 10 12 11 8 12 12 12 12

X 1,92 | 2,00 | 1,83 | 2,00 | 1,92 | 1,67 | 2,00 | 2,00 | 2,00 2,00

% 95,83 | 100 |91,66( 100 [95,83]83,33( 100 [ 100 | 100 100




Appendix 7- Incongruent condition coding

Code: [1-Visual][ 2-

INCONGRUENT|
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Pseudonym |Age L1 MOE |Vocal] [3-Incongruent] STIMULI 1
P1 18 English 8 3 1 2
P2 19 English 8 3 3 2
P3 19 English 8 3 3 2
P4 19 English 8 2 3 2
P5 19 English 8 2 3 2
P6 20 English 9 3 3 2
P7 17 Sesotho 9 3 1 2
P8 18 English 9 3 3 2
P9 18 Sepedi/English|10 2 3 2
P10 25 English 12 3 3 2
P11 22 English 12 3 3 2
P12 21 English 36 3
INCONGRUENT
STIMULI 1
%
Incongruent 75,0 83,30 0
% Vocal 25,0 0 100,0
% Visual 0 16,70 0




