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ABSTRACT
Beyond the walls of classrooms: Exploring the pedagogical effectiveness of text-to-speech-based
shadowing on the development of Mandarin tones
Sue-Anne Richer

With limited classroom time (Collins & Mufioz, 2016), teachers struggle to provide
personalized language input (listening activities) and opportunities for students to practice output
(speaking). Text-to-speech synthesizers (TTS), also known as text readers, offer a possible
solution by allowing students to interact with the computer anytime-anywhere, and at their own
pace (Cardoso, 2022). As such, this technology has the potential to improve students' listening
skills and provide flexible language practice (Little, 1995). Although TTS offers many benefits
(e.g., immediate access to the language; Liakin et al., 2017), an unresolved issue is that the
technology does not incorporate an output-inducing component (Fang, 2017). To address this
issue and contribute to the field of computer-assisted pronunciation instruction, this study
combines TTS with shadowing (i.e., the repetition of a word or phrases immediately after
hearing it; Lambert, 1994), a technique that has been proven to be effective in developing L2
pronunciation (Foote & McDonough, 2017; Zajdler, 2020). By combining these two
technologies, to which we will refer as “TTS-based shadowing training” (TTS-S henceforth), our
approach provides learners with the benefits of both TTS (exposure to input) and shadowing
(opportunities to practice output).

To determine the probability of success of this innovative approach, this study examined
the pedagogical effectiveness of using TTS-S in a self-regulated learning environment to acquire
tones #1 and #4 in Mandarin Chinese. While tone #1 (high tone) is relatively easy to acquire in

comparison with other tones, tone #4 (descending tone) is considered one of the hardest to



produce (Hendry, 2023). The research was guided by the following research question: can TTS-S
help L2 learners raise their sound awareness and improve their perception and production of the
target Mandarin tones over six weeks? By means of pre-/post-tests (to assess effectiveness in
pronunciation), ten beginner-level participants were asked to complete: (1) an awareness task in
which they verbalize their metacognitive knowledge of Mandarin tones; (2) ABX tasks to assess
their perception of Mandarin tones; and (3) a production task to evaluate the production of the
target tones. Results indicate that the use of TTS-S did not yield significant enhancements in
terms of awareness, perception, and production, possibly due to the presence of a ceiling effect in

some of the measures adopted and other methodological limitations.
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Chapter One

After taking my first linguistic course, I knew that | wanted to learn more about
languages. Unveiling the intricate web of linguistic intricacies and their influence on our
cognitive processes fascinated me to no end: Languages became puzzles that | wanted to solve.
So, | decided to study a variety of languages such as Algonquin, Xhosa, Tibetan, Russian, Chrau,
Khmer, Yiddish and many other languages. Understanding how these different languages
functioned from a linguistic perspective was like a game to me. It was refreshing to learn new
languages from a perspective that was never taught to me in any second language (L2) courses.
In my experience as a language learner, teachers often explained how to form sentences from the
perspective of a native speaker, which did not always made sense to me, as many teachers would
tend to give me the typical “you just need to memorize this” type of explanation. Linguistics
provided the answers to the myriad of questions that had sparked within me. It presented an
approach to L2 acquisition, seamlessly blending the rich tapestry of their diverse features, as
found in the languages | have learned, into a cohesive and logical system. It helped me open my
mind as | was exposed to brand new concepts both in the form of theoretical knowledge as well
as in the form of variation across languages (e.g., in contrast to English, Algonquian
distinguishes between animate and inanimate objects when categorizing them). In addition to this
eye-opening experience, | was able to learn about phonology (including pronunciation),
morphology, semantics, and many other aspects of language knowledge.

After many years studying languages, | made the decision to embark on a teaching
journey, which provided me with valuable insights into the challenges students encounter within
a classroom environment. | wanted to explore techniques and test different approaches that could

help L2 students to learn the language they were studying. Soon, | realized that many learners
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were often incapable of parsing sentences and often had trouble transmitting their thoughts
verbally, even though their grammatical and reading abilities were labeled as “advanced” as per
their curricula. Assuming that this could be due to the lack of opportunity to hear and speak the
language in the classroom, | asked myself:
1. How can | help my students raise their sound awareness and develop their listening skills
in the target language?
2. Can L2 learners improve their oral abilities on their own, without relying on other more

fluent or native speakers of the target language?
Text-to-speech synthesizers and Shadowing: A match made in heaven?

In this thesis, to answer the first question, | propose the use of text-to-speech synthesizers
(TTS), also known as text readers, as they offer a possible solution by allowing students to
interact with the technology anytime-anywhere, and at their own pace (Cardoso, 2018; Cardoso,
2022). With TTS, students can benefit from multiple and varied exposures to the target language
they are learning. As such, this technology has the potential to raise students’ sound awareness in
the target language, leading to improved listening skills and offering flexible language practice
opportunities (Little, 1995). Although TTS offers many benefits (e.g., immediate access to the
language — Liakin et al., 2015; promotes learners' autonomy in their own phonological
development — Moon, 2012; Liakin, Cardoso, & Liakin, 2017; enhanced, more easily perceptible
input — Cardoso, 2018; 2022), an unresolved issue is that the technology does not incorporate an
output-inducing component to promote speaking practice (Fang, 2017).

To address this issue (see also the second question above) and contribute to the field of
computer-assisted pronunciation instruction, this study combines TTS with shadowing (i.e., the

repetition of a word or phrases immediately after hearing it; Lambert, 1994), a technique that has
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been proven to be effective in developing L2 pronunciation (Foote & McDonough, 2017;
Zajdler, 2020). By combining these two technologies, which we will refer to as “TTS-based
shadowing training” (TTS-S henceforth), our approach provides learners with the benefits of
both TTS (exposure to input) and shadowing (opportunities to practice output). Given the
absence of prior research on TTS-S, the outcome of merging these two technologies remains
unknown. As of now, there exists no evidence or studies to shed light on the potential
implications and effectiveness of this fusion.
The current study

To assess the pedagogical potential of this innovative approach, the present study
examined its effectiveness within a self-regulated learning environment, specifically focusing on
the acquisition of tones #1 and #4 in Mandarin Chinese. While tone #1 (high tone) is relatively
less challenging to acquire compared with other tones, the accurate production of tone #4
(descending tone) is widely known as one of the most challenging to produce. Only two tones
(#1 and #4) were selected to simplify the task, as the duration of the study was limited, and it
included participants with no previous knowledge of Mandarin. In addition, these tones are
easier for English speakers to acquire when learning Mandarin (Guo & Tao, 2008).

The research sought to answer the following research question:

(1) Can TTS-S help L2 learners raise their sound awareness and improve their perception

and production of the target Mandarin tones over six weeks?

Using pre-/post-tests (to assess effectiveness in pronunciation), ten beginner-level

participants were asked to complete: (1) a sound awareness task in which they verbalized their

metacognitive knowledge of Mandarin tones after listening to a small set of words (e.g., ma-
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tone#1 vs ma-tone#4); (2) ABX tasks to assess their perception of Mandarin tones; (3) a
production task to evaluate the production of the target tones.

Chapter 2 delves into the motivation behind the research, outlines the methodology
employed, presents the obtained results, and discusses the implications for the self-regulated
learning of Mandarin Chinese tones. As per the guidelines for manuscript-based MA thesis, the
next section constitutes “a full submittable draft of a manuscript” that presents a literature

review, methodology, results, and discussion of the aforementioned research.
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Chapter Two

Many Mandarin Chinese learners claim to be tone aware (Yang & Medwell, 2019).
However, studies have shown that tones are difficult to acquire, especially for beginner learners
(Lin, 1985; Wang et al., 2003) due to the challenges associated with recognizing and
discriminating them (Hao, 2012). Acquiring tones in Mandarin is essential because tones serve to
distinguish word meanings (Zhang & Gao, 2022). To help learners develop their phonological
awareness of tones, as well as their perception and oral production, this study proposed to use
text-to-speech synthesizers (TTS) due to the possibility of enhancing students' listening and
speaking abilities by engaging them in interactions with the computer (Cardoso, 2018; Cardoso,
2022).

Although text-to-speech synthesizers offer many advantages, an unresolved issue is that
they do not incorporate a production component (Fang, 2017). In order to address this issue and
contribute to the field of computer-assisted pronunciation instruction, this study proposed to
combine TTS with shadowing to allow students to improve their awareness, perception, and
production of tones in Mandarin. It has been demonstrated that shadowing is effective in
developing second language pronunciation (L2) (Zajdler, 2020; Foote & McDonough, 2017).
Combining these two technologies, learners were not only exposed to Mandarin, but were also
given the opportunity to produce spoken output. This "new" method of teaching will be referred
to as TTS-based shadowing training (TTS-S, as will be described in forthcoming sections).

Another issue that negatively affects the L2 learning experience is the increased workload
experienced by language teachers (Timperley & Robinson, 2000). Teachers simply do not have
enough time to provide their students with personalized and relevant L2 input and output

opportunities, particularly when they also have to cover a number of topics mandated by the
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curriculum. Adopting a more sustainable model of teaching is important as it could help support
the teacher to refocus on other important parts of teaching, such as providing feedback or
engaging students in communicative activities.

Following Cardoso’s four-stage chronological framework (2022) for investigating
technological tools for L2 pedagogy and considering that the two adopted technologies already
exist (stage 1: software development) and have been explored from a pedagogical standpoint
(stage 2; see literature review), this study focused on stage 3: Assessing pedagogical
effectiveness. This assessment was conducted using a mixed-method approach and a pretest-
posttest design, considering the three targeted levels of phonological development: phonological
awareness, aural perception, and oral production.

Literature Review
Tonal language
Mandarin

Mandarin includes four tones and a neutral tone (Yang, 2016). The number associated
with the vowel in each syllable (1=high tone, 2=rising tone, 3=dipping tone, 4=descending tone,
5= no tone or neutral tone) represents the tone, as presented in Figure 1.

Figure 1
Tones

ma ma2 ma3 Ma4

Mother Numb Horse Scold

5 R IS 5

AN

First tone Second tone Third tone Fourth tone
Flat tone Rising tone Dipping tone Descending tone
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Contrary to non-tonal languages, in tonal languages such as Mandarin, the modulation of pitch
(also known as tones) conveys a difference in meaning (Li et al., 2021). This suggests that the
production and phonological perception of the correct tone is essential to the intelligibility and

comprehensibility of the speaker (Chen et al., 2008). For instance, the numeral “nine” (JL) “ji3”

is produced with a dipping tone (falling-rising tone), while the homophonous word for “chicken”

("9) “jil” is recognized and understood by the production of a flat high tone.

Given that these distinctive tonal features play an important role for the comprehension
of the language and tones are difficult to perceive and produce by learners of non-tonal
languages (Triskova, 2017), practice in both perception and production of tones is necessary.
Yet, tones are rarely clearly taught in traditional Chinese language courses in the initial stage of
their learning experience, learners are expected to pick up the correct pronunciation from the
exposure to the language (Orton & Scrimgeour, 2019). Although Mandarin Chinese learners
claim to be tone aware (Yang & Medwell, 2019), studies have shown that they are difficult to
acquire, especially for beginner learners (Lin, 1985; Wang et al., 2003) due to the challenges
associated with recognizing and discriminating them (Hao, 2012). Acquiring tones in Mandarin
is essential because tones serve to distinguish word meanings (Zhang & Gao, 2022). To help
learners develop their phonological awareness of tones, as well as their perception and oral
production, this study proposed to use text-to-speech synthesizers (TTS) in a self-directed
learning environment due to the possibility of enhancing students' listening and speaking abilities
by engaging them in interactions with the computer (Cardoso, 2018; Cardoso, 2022) which could
help mitigate some of the time limitations that affect the L2 classroom. As the duration of this

study is limited, and it includes participants with no previous knowledge of Mandarin, only tones
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#1 and #4 were chosen to simplify the task (Guo & Tao, 2008). In addition, these tones are easier
for English speakers to acquire when learning Mandarin (Guo & Tao, 2008).
Self-Directed Learning

As highlighted earlier, L2 teachers frequently face challenges in delivering individualized
language input (i.e., activities that focus on the development of sound awareness and listening
skills) and providing opportunities for students to practice their speaking skills within the
constraints of limited classroom time (Collins & Mufioz, 2016). A potential solution to this
situation could be via the empowerment of students with self-directed learning “tools™ that foster
independent language development. Learners who engage in self-directed learning (SLD) are
responsible for their own learning while assessing their progress (Little, 1995). This implies that
learners can study at their convenience according to their schedule anywhere they want, without
any time constraints. In addition, self-directed learning instills lifelong learning practices (Du,
2013). Building on these insights, this study proposed to nurture lifelong learning practices in a
self-directed learning environment using text-to-speech synthesis.
Text-to-speech

Text-to-speech (TTS), also known as text readers, is a tool used for converting digital text
into equivalent audio output (Fang, 2017). They are found in modern applications and devices
such as GPSs, voice assistants, and translation applications (Cardoso, 2022). Converting text into
speech occurs as follows: the user inputs text into the TTS application, the text is then converted
to a phonemic representation of the language, which is then matched to speech units that create
the oral output (Jurafsky & Martin, 2000).

Modern TTS applications offer enhanced L2 exposure to the learners (e.g., speech can be

manipulated so that it can be slowed; Liakin et al., 2015) and provide ample opportunities for
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learners to study wherever and whenever they wish. In other words, learners can be exposed to
the L2 input within or outside of the classroom, and without living in a foreign community where
the target language is spoken. Another benefit to be noted is that modern synthesizers produce
output of excellent quality when compared with that of human speakers (Craig & Schroeder,
2017). For instance, Bione and Cardoso (2020) found that the performance of both English
synthesized voices and English human voices were similarly comprehensible, with only
naturalness being favored in human voices.

A key element to consider when selecting the right TTS synthesizer is its ability to
produce accurate speech. In terms of tone production, Fang (2017) found that Nuance and is the
most accurate software (60.8% of the target words — 14 accurate tones out of 23) the is free and
easy to use. Note that in this study, other software such as Ispeech were labeled as more accurate
however as money could be a limiting factor for many users.

When learners use TTS for listening (aural) practice, it is important that they also have
opportunities to improve their oral production skills in the target language. To promote this type
of practice (oral production), this study proposed the use of shadowing, as will be discussed next.
Shadowing

A key component of becoming proficient in a second language is the comprehension of
the input (Krashen, 1982). As many other researchers have shown (Ellis & Collins, 2009;
Yanguas, 2012), the recognition and the perception of specific linguistic features are a
prerequisite to learn a language successfully. Although being able to perceive sounds is a
necessity, Swain (2005) asserted that producing output also plays an important part in learning a
language. To promote the learning of Mandarin tones, this study included an oral production

component: shadowing.
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Shadowing is described as ‘repeating what one hears simultaneously as accurately as
possible (Hamada, 2018). Shadowing uses a “top-down” approach that encourages learners to
enact the voices of others (Pennington, 2021). It can be applied at different language levels and
can be adjusted according to the aims set for the particular skill training (Zajdler, 2020). This
technique is usually aimed at low proficiency learners, as it helps them activate the phonological
perception and imitate unfamiliar speech sounds. In other words, shadowing, on a cognitive
level, causes learners to pay more attention to the sounds they hear rather than the meaning of the
sentence (Hamada, 2018) due to their inability to process what they hear rapidly enough (Shiki et
al., 2010).

One of the numerous advantages of shadowing is that it leads to notable gains in
comprehensibility (medium-to-large effects) and results in a reduction in foreign accentedness
(medium effects) (Hamada, 2018). In addition to the aforementioned advantages, shadowing
activities may also give learners ample opportunities to notice differences between their
pronunciation and the target pronunciation (Foote & McDonough, 2017).

Although many studies have shown that shadowing helps with awareness, perception or
production (Foote & McDonough, 2017; Zajdler, 2020;), one of the main obstacles of such
technology is that it relies on either pre-existing recordings or humans (for real-time activities).
As such, it is very limited to what the recording or the teacher can provide for the students.
Fortunately, shadowing technologies can be used in conjunction with TTS software to combine
the benefits of both technologies. To take a first step towards exploring TTS-based shadowing
training (TTS-S, a term coined for this study) as a pedagogical tool, this study assessed its

pedagogical effectiveness.
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Second Language Phonological Development: Assessing Pedagogical Effectiveness

To assess pedagogical effectiveness, this study adopted Celce-Murcia’s framework
(2010) for teaching pronunciation, which predicts that second language phonological
development progresses in stages ranging from phonological awareness through perception or
aural discrimination all the way to production practice. This framework assumed a perception-
precedes-production approach (Cardoso, 2011; Schmidt, 2001; Shao et al., 2022; Kachlicka et
al., 2019; Mueller et al., 2012), which holds that awareness on the part of learners is an essential
prerequisite for the perception of sounds, which is in turn important for the development of oral
production skills (Celce-Murcia et al., 2010).

To capture the effectiveness of TTS-S, this study followed a pretest and posttest design to
assess the participants’ development of Mandarin tones in phonological awareness, aural
perception, and oral production.

Current Study, Goals and Hypotheses

The purpose of this study was to examine the pedagogical effectiveness of TTS-based
shadowing (TTS-S) for the learning of L2 tones. TTS-S has been proposed for at least three
reasons. Firstly, it promotes a self-directed learning environment that permits students to study
anytime anywhere without the assistance of a native or fluent speaker of the target language or a
language teacher (Thornton, 2010). Secondly, TTS-S is free and easy to use, which makes it
accessible to a large audience. Lastly, people can use any material of their interests, which plays
a decisive role in motivating them to learn the target language, particularly in self-regulated
learning environments (Liu, 2015; Ma & Ma, 2012; Gilakjani et al., 2012).

To assess the pedagogical effectiveness of TTS-S, this study addressed the first three

stages of pronunciation development in L2 acquisition, as per Celce-Murcia et al. (2010): (1)
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phonological awareness, (2) aural perception, and (3) controlled oral production. These three
stages are important because they represent the initial developmental stages of the acquisition of
an L2 phonological system (Celce-Murcia et al., 2010). Successful learners must be aware of the
target feature before they are able to perceive and subsequently produce it (Baese-Berk, 2019;
Shao et al., 2022). As such, this study assumed that phonological perception precedes production
in the acquisition of new phonological systems (e.g., for the rationale, see Cardoso, 2011; Shao
et al., 2022; Kachlicka et al., 2019; Mueller et al., 2012).
To explore these three stages of phonological development, the following research
questions were addressed in this study:
1) Will the use of TTS-based shadowing in a self-directed learning aid the learning of the target
Mandarin tones in terms of:

1) Awareness?

2) Perception?

3) Production?

Methodology
Participants
Ten adult beginner learners of Mandarin participated in this study. The participants had

no knowledge of the Mandarin tones and had never taken any Chinese courses. They came from
varied non-tonal languages (e.g., English, French, Arabic), and educational backgrounds
(commercial art, accounting, social studies). The participants were recruited through various
channels (e.g., Facebook, Instagram). Although most of them are Canadians living in Montreal,
Ottawa, or Toronto, some of the participants come from various countries (e.g., United States,

Lebanon).
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Learning Material

Participants were given a basic Mandarin tones introduction before the learning activities
started. For instance, they were told that tones are important in Mandarin because they contribute
to meaning (e.g., they serve to differentiate words), and that they would discover what these
tones are. Then, they were provided with five texts containing 5 to 9 sentences in which the two
targeted tones appeared a total of 66 times (tone #1 and #4 appear between 10 to 16 times a
week). These texts were copied and pasted into the text-to-speech synthesizer every week (Week
1 to 5). An example of the text is available in Appendix A. If learners decided to use additional
material, they were asked to add it to their weekly learning logs.
Instruments
Demographic Questionnaire

A demographic questionnaire (Appendix B), following Van Lieshout and Cardoso
(2022), was used to collect the participants’ background information. This questionnaire
included information such as the languages they speak, whether they had learned a language in a
self-directed manner if they had used iSpeech previously (the TTS application adopted for this
study, as stated earlier), and their educational background.
Pretests and Posttests
To evaluate the phonological development of tones, this study looked at the effects of the
treatment on the awareness, perception, and production of tones in a self-directed TTS-S based
environment.

Awareness test. An awareness test (Appendix C) was used to measure the metacognitive
knowledge of the students about tones in Mandarin. Participants had to complete a pre-awareness

test and a post-awareness test at the beginning and end of the experiment. The tests were the
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same, but with randomized items to mitigate testing effects. In the awareness test, a small set of
six minimal pairs (e.g., mal vs ma4) were played and the participants had to label the sounds as
the same or different and then explain, in writing, how these sounds are different. There were six
questions in which three compared different tones (e.g., tone 1 vs. tone 4) and three compared
the same tone (e.g., tone 4 vs. tone 4).

Perception tests. As the learners in this study were people with no exposure to
Mandarin, it was important to present a task that was easily understood by all. To investigate the
perception of the learners, this study used two ABX tests. The ABX tests were aural
discrimination tests. ABX tests were selected because they are regarded as easy to administer,
simple, and intuitive (Hautus & Meng, 2002; Huang & Lawless, 1998).

In the first ABX tests, participants were asked to determine whether there was an audible
difference between two audio signals (Huang & Lawless, 1998). In the second ABX test,
participants followed a match-to-sample discrimination procedure. This test involved the
presentation of two sounds (test and control items) followed by the presentation of a third sound
(blind sample) that corresponded to the test sound. The participants were asked to match the
blind sample to the test item.

ABX 1. A perception test was used to assess the phonological perception (one’s ability to
recognize and categorize sounds) of Mandarin tones in Chinese. Both pretest and posttest for the
ABX 1 test (Appendix D) were the same to ensure that the comparisons are reliable and to avoid
having unbalanced data. As mentioned earlier, participants were presented with two spoken
tokens and were asked if the two sounds are the same or different. An answer sheet (Appendix F)
containing both ABX tests was given to the participants. The ABX 1 test, consisting of pre-

recorded audio of a human voice containing 20 tokens, focusing on five different syllables (e.g.,
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[ma, me, mi, mo, mu]) and the two target tones in Mandarin (e.g., tone 1 — flat tone and tone 4
— descending tone), as they are easier to acquire for English speakers (Guo & Tao, 2008). Each
vowel appeared twice with the same tone for all tones. For instance, the syllable [ma] appeared
twice with the first tone and twice with the fourth tone for a total of four appearances (i.e., one
subset containing the vowel “a” would consist of the following two words or pseudo words: mal,
mal, ma4, ma4). The number of appearances of each tone and related vowels was equally
distributed among the tokens. A female native speaker of Mandarin audio-recorded the tokens in
the test.

ABX 2. A second perception test was used to further support the results obtained in
ABX1. Again, pretest/posttest 2 (Appendix E) were the same. In this ABX 2 test, participants
were first presented with two sounds (control sound and test sound), then they were presented
with a third sound (blind sound). They then were asked to match the (third) blind sound to the
control sound. There were 20 blind sounds (10 syllables associated with each tone, tones 1 and 4)
to ensure equal distribution of the syllables and their associated tones. Answers were collected
on the same answer sheet (Appendix F) provided by the researcher in the first ABX test.

Production Test. To examines the production of the Mandarin tone 1 and 4, the
production test (Appendix G) adopted a ‘listen and repeat’ activity, a less cognitively demanding
task (e.g., in comparison with spontaneous speech) because of the low proficiency of the
participants and the duration of the treatment (for the rationale, see Cardoso et al, 2021). Once
again, this task was measured in pre-/posttests in which the learners were asked to listen to a
recording of a native speaker of Mandarin and tried to repeat what they hear as accurately as

possible. Everything was recorded to be further analyzed at the beginning and the end of the



25

experiment. There was a total of 10 tokens. Each syllable/word were associated with either tone
1 or tone 4 to ensure that the data are balanced.
Procedures and Design

Prior to engaging in the study, participants were asked to sign an informed consent form
and fill out a demographic questionnaire. Participants then completed the awareness test, the two
ABX tests, and the production task. The participants were then provided with a brief description
and analysis of the tones in Mandarin and a short tutorial on how Ispeech, the selected text-to-
speech synthesizer, works. Participants were also provided five texts (Appendix A) to use with
text-to-speech-based shadowing over the following weeks. They were instructed to go over the
pre-selected texts at their own pace. As per the study’s recommendation, it was expected that
they completed one text every week. A weekly reminder was sent to the participants to indirectly
track if participants complete the activities as instructed. At the end of the experiment, all
posttests were once again administered.

Figure 2 illustrates the research design and procedures adopted.



Figure 2

Design of the study
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Data Analysis
Demographic questionnaire

The demographic questionnaire was used to support and further develop the results
obtained via the pretests and posttests.
Awareness Tests

The phonological awareness data were analyzed via a 3-level system: 0 (fully incorrect —
not aware); 1 (partially correct — partial knowledge); 2 (fully correct — full knowledge of tones).
If the participants could not tell the difference between the two tones they heard, they did not
provide a justification of their answers, or their answer did not describe how the sounds were
different, no points were granted to the participant. If the participant could either tell whether the
two sounds were different or explained how they were different, they were given 1 point. If the
participants were able to do both, they were given 2 points. There were six tokens in which three
syllables were the same and three were different.
ABX Tests: ABX 1 and ABX 2 and Production task

Both ABX tests as well as the production task were analyzed using descriptive statistics
via SPSS. The computation of means, standard deviations, and other relevant statistical analyses
and significance were conducted to discover if the use of the proposed technology (TTS-S)
helped beginner learners of Chinese aurally discriminate and orally produce the two target

Chinese tones.
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Results

Means of pretests and posttests were compared using paired sample t-tests. Participants’
awareness, perception, and production of tones were tallied to determine if the utilization of
TTS-S within a self-directed learning context promotes the learning of target Mandarin tones in
terms of awareness, perception, and production abilities. The descriptive statistics indicated that
the average scores from all four posttests were higher compared to the scores obtained in the
pretests; however, these differences were not statistically significant. Table 1 provides a
summary of the results for the four tests administered: sound awareness (awareness), ABX1 and
ABX2 (perception), and oral production (production).
Table 1

Summary of the results

Tests Test (N=10) Mean SD Average SD

Gain Score  Gain Score

Awareness Pretest 44.17 10.43 5 10.54
Posttest 49.17 2.64

ABX1 Pretest 97 4.83 2 4.21
Posttest 99 3.16

ABX2 Pretest 88 16.36 6.5 11.56
Posttest 94.50 8.31

Production Pretest 79.75 15.47 2.25 5.83

Posttest 82 15.47
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Awareness Tests

To determine whether the participants' awareness of tones would alter between the pretest
and posttest, a paired t-test was performed. Results were not statistically significant (t = 1.50, p
=.168, a = .05).

Figure 3 illustrates the results for each participant. These results suggest that 3
participants (1, 2, and 6) improved their awareness over six weeks whilst the score of the other
participants remained the same. An analysis of the participants' responses indicated that they
were successful in identifying whether the target sounds were similar or dissimilar. However,
none of the participants were able to accurately describe the underlying differences in tones in
the second part of the inquiry, which specifically asked them to articulate the difference in tone
using their own words. Most respondents believed that the changes in sounds were caused by the
length of the vowel (ma vs. ma:), as well as its sharpness and loudness. Some explanations were

not relevant (e.g., the tone in question was "more decisive™ or "more inquisitive").



Figure 3
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ABX Tests
ABX1

The paired t-test indicated that the results were not significant between the pre- and
posttest (t = 1.50, p = .168, o = .05. Figure 4 displays the results for each participant, where the

accuracy rate in the ABX1 test only improved for two individuals (1 and 10).

Figure 4

ABX1: Accuracy rate (%) by participant
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AXB2

The findings of the paired t-test showed that there was no significant difference between
the pre- and posttest (t = 1.78, p =.109, a = .05). Figure 5 illustrates the results for each
participant, where it is shown that 50% of the participants (n=5) improved in the ABX2 posttest
(1,4,5,8,and 9).

Figure 5
ABX2: Accuracy rate (%) by participant
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Production Task

The t-test analysis conducted on the oral production data suggest that there was no
statistically significant difference between the pre-test and post-test means (t = 1.22, p = 0.25, a
=.05). As seen in Figure 6, at an individual level, it was evident that three participants (2, 6 and
10) demonstrated improvement in their pronunciation at the end of the six-week experiment.
Figure 6

Production Task: Accuracy rate (%) by participant
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In summary, no statistical significance was observed in the outcomes of the four
tests, namely the awareness, ABX1, ABX2, and production tests. It is important to note,
however, that although some participants demonstrated improvement in tone
performance, there were others who maintained their performance levels unchanged

throughout the duration of the study.
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Discussion

The objective of this study was to investigate the pedagogical effectiveness of a novel
approach for self-regulated learning that combines TTS with shadowing for the learning of tones
#1 and #4 in Mandarin Chinese. As such, it was guided by the following research question: can
TTS-S help L2 learners raise their sound awareness and improve their perception and production
of the target Mandarin tones over a period of six weeks? Results showed that all four tests (i.e.,
sound awareness, perception (ABX1 and ABX2), and production) were not statistically
significant, suggesting that, overall, the proposed treatment did not yield any significant
improvements in the assessed measures of pronunciation development.

In the initial section of the awareness test, participants were required to assess the
similarity of the tones they heard in monosyllabic words. Out of the ten test takers, six achieved
perfect scores, while three had only a single error, indicating a clear ceiling performance. The
term "ceiling effect” refers to a phenomenon in which the potential improvement in test scores is
limited because a participant's initial score is already positioned towards the upper end of the
score distribution (Koedel & Betts, 2010). Considering that most of the participants had already
reached their maximum potential for improvement, their capacity for further progress was
limited.

Interestingly, the opposite was observed in the second portion of the test, in which
participants were asked to describe the differences between the tones they heard. In this section
of the awareness test, we observed a “floor effect” (Tavakoli, 2013), a phenomenon where the
extent of improvement in test scores is constrained because the participants’ initial scores are
situated at the lower end of the score distribution. In this test, for instance, participants failed to

articulate the various tonal variations that were present in the words they heard, attributing
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differences in tones to the length or loudness of the vowels. These patterns reflect previous
research that claim that L2 learners rely on psychoacoustic cues such as loudness and the
strength of sound fluctuation (e.g., vowel length differences) when discriminating between tone
pairs (e.g., Yang, 2021), as was observed in the current study. Our findings thus suggest that the
measure used lacks sensitivity in detecting performance variations among individuals who are
performing at a low level of proficiency. This observation aligns with Pienemann's (1998)
Processability Theory, which claims that L2 learners might not be capable of processing certain
“advanced” learning material because they are not at the appropriate stage of language
development required for effective learning. In other words, it is possible that our participants’
current level of language proficiency in Mandarin Chinese may hinder their ability to fully grasp
and benefit from the instructional material provided.

As for the first perception tests (ABX1), in which participants were presented with two
spoken tokens and were asked whether they sounded the same or different, seven participants
achieved perfect scores, while three participants achieved a score of 90%, indicating a high level
of performance among all participants. The t-test results confirmed the absence of statistical
significance. Again, as was the case in the first awareness test, these outcomes align with the
presence of a ceiling effect (Koedel & Betts, 2010), wherein participants' initial high scores
limited their potential for further improvement. The near-perfect scores obtained in this test align
with previous findings by Shen and Froud (2018) and Wu and Lin (2008), which indicate that
English speakers exhibit heightened perceptiveness to the contrast between Mandarin tones #1
and #4. This heightened sensitivity may be attributed to the fact that English speakers are
particularly attuned to the cues present in tone 4, enabling them to differentiate it from its

counterpart, tone 1 (Xu & Xu, 2005).
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In the second perception test (ABX2), which asked the participants to match what they
heard last (“blind sound”) with a control sound, while five people improved their scores, four
people’s scores remained the same, and one person’s scores decreased. The t-test results
confirmed the absence of statistical significance, supporting the notion that no significant
improvements could be observed between the pretest and posttest. Once again, this finding can
be attributed to a near-ceiling effect, where the performance of nine participants fell within the
range of 80% to 100%. As participants were already performing at a high level at the pretest
stage, there was limited room for measurable improvement in the posttest scores. These findings
are in line with earlier research conducted by Shen and Froud (2018), Wu and Lin (2008), and
Xu and Xu (2005), which demonstrate a heightened perception towards the Mandarin tone
contrast, particularly when it comes to differentiating between tones #1 and #4.

Finally, the t-test results for oral production, which adopted a ‘listen and repeat’ test,
indicated that the observed increase in scores between the pretest and posttest was not
statistically significant. This lack of significance is not surprising, and it can likely be attributed
to the choice of the test itself, as it represents a less cognitively demanding task compared to
read-aloud or spontaneous speech. This methodological decision was made based on Cardoso et
al.'s (2021) study, considering that the participants were “real” beginners in Mandarin Chinese
and, as such, could not read aloud or engage in spontaneous oral interactions. Out of the ten
participants, one individual's score decreased, six participants' scores remained the same, and
three participants' scores increased. The wider score fluctuations observed among the participants
suggest that other factors may have influenced the results. Individual factors in language
learning, such as age, motivation, and learning strategies (DeKeyser, 2013; Robinson, 2010),

could have contributed to the variations in participants' performance. For instance,
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hypothetically, participants who lacked intrinsic motivation to learn the target tones, perceiving
them as externally imposed tasks, may have been less engaged and invested in the learning
process. Their limited motivation might have resulted in lower effort and dedication towards
mastering the tones, potentially leading to less improvement in their scores between the pretest
and posttest. Conversely, participants who possessed intrinsic motivation, driven by their
personal interest, curiosity, or enjoyment of learning languages, might have been more inclined
to actively engage in the learning activities. Their inherent motivation could have fueled their
persistence, enthusiasm, and willingness to invest additional effort into practicing the tones,
thereby facilitating their learning, and potentially resulting in more noticeable improvements in
their scores from the pretest to the posttest.

Two important findings can be derived from our study. Firstly, our findings support the
established notion that L2 phonology follows a trajectory that begins with the development of
phonological awareness and aural discrimination (perception) and progresses towards the
acquisition of oral production skills (Celce-Murcia et al., 2010; Schmidt, 2001). In this study, we
observed that participants exhibited a high level of awareness and perception regarding tone 1
and tone 4, suggesting their near- or complete development. However, there remained room for
improvement in the production of these tones, highlighting the sequential nature of tonal
development where perception typically precedes production. Secondly, our study provides
evidence that although certain aspects of tone development can be achieved within a semi-
directed learning environment, as the one explored in this study via a combined use of TTS and
Shadowing, the effectiveness of such interventions may vary among individuals due to inherent

individual differences. Some participants may derive greater benefits from this intervention,
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while others may not exhibit the same degree of improvement, highlighting the influence of
personal factors on the learning process.
Conclusion

Can TTS-S help L2 learners raise their sound awareness and improve their perception
and production of the target Mandarin tones over six weeks? Based on the findings of this study,
it is inconclusive to assert that TTS-S can effectively raise sound awareness or significantly
improve the perception and production of the target two Mandarin tones among L2 learners
within a six-week timeframe. The results indicate that while certain aspects of phonological
development, specifically production, showed some improvements, the overall impact was not
statistically significant. The interpretation of these findings may be partially explained by the
faulty methodology used or, conversely, by the participants’ individual differences. Factors such
as motivation and prior linguistic background may have influenced the outcomes. It is possible
that some participants were more responsive to the TTS-S approach and demonstrated
improvement, while others may not have benefited as significantly.

Furthermore, it is worth acknowledging the limitations of this study, which could also
have impacted the results. One of the most important limitations is its small sample size of only
10 participants. Although this was done to ensure an in-depth examination of the participants’
pedagogical experience (including learner perceptions, use of strategies in TTS-S/human
interactions — not reported in this thesis), larger samples are needed to obtain more accurate
estimates and enhance the generalizability of the findings. A methodological limitation includes
the simplicity of most tests (e.g., the first awareness test, ABX1, oral production), which were
found to be extremely easy, with participants achieving ceiling or near-ceiling scores. Another

limitation regards the lack of an account for individual differences among the participants, such
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as age, motivation, and learning strategies, which have been shown to significantly impact
language learning (DeKeyser, 2013; Robinson, 2010). Further investigations are necessary to
validate the pedagogical effectiveness of TTS-S and its suitability in language learning. In
addition to the aforementioned directions for future research, it is important for replication
studies to consider including all four tones in order to create a more authentic representation of
tone use in Mandarin. A longitudinal approach would also provide more robust insights into the
developmental path of Mandarin tone acquisition and enable a better understanding of the

relationship between language use and the various components that affect language development.
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Chapter Three

This chapter provides an overview of the study conducted within this thesis, highlighting
its key aspects and outcomes. Furthermore, we explore the significance of these findings in the
context of language learning, shedding light on their implications for L2 pedagogy. This chapter
ends with a discussion of future research directions for the instructional application of TTS-S.
Summary of Goals and Findings

This study explored the pedagogical use of Text-to-speech-based shadowing (TTS-S) to
examine its effectiveness in the L2 learning of two Mandarin tones (#1 and #4) in terms of
phonological awareness, aural perception, and oral production. The research spanned a period of
six weeks within a self-directed learning environment. According to the study's findings, it is
inconclusive to say that the self-directed use of TTS-S can effectively lead to the improvements
of these three levels of phonological development. However, the results indicate that although
certain aspects of phonological development, specifically those assessed through the ABX2 and
production tests, demonstrated individual progress among the participants, the overall impact did
not achieve statistical significance.
Implications for L2 Pedagogy

As highlighted in the previous chapter, teachers often lack the time necessary to give
their students individualized and pertinent L2 input and output opportunities (Timperley &
Robinson, 2000). In response to this limitation, the proposed tool, TTS-S, offers a promising
solution by employing user-friendly techniques that can be easily incorporated within the
classroom environment. By leveraging TTS-S, L2 students have the potential to enhance their
sound awareness, aural perception, and oral production skills in the target L2 and consequently

improve their overall pronunciation abilities. According to Celce-Murcia's framework (2010), it
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is crucial to provide L2 learners with opportunities to develop these three levels of phonological
development in order to enhance their pronunciation abilities.

When it comes to improving L2 pronunciation, the combination of shadowing techniques
(Foote & McDonough, 2017; Zajdler, 2020) with text synthesizers offers several advantages.
TTS enables students to conveniently interact with computers anytime, anywhere at their own
pace (Cardoso, 2018; Cardoso, 2022). This flexibility allows learners to receive exposure to
accurate models of pronunciation (via TTS), and orally practice these models using traditional
and pedagogically popular listen-and-repeat techniques (Shadowing). In essence, the
combination of TTS and shadowing allows learners to enhance their pronunciation skills through
exposure to input and ample practice opportunities.

Future Research Directions

To validate the pedagogical efficacy of TTS-S and its applicability for language learning,
additional research is required. To gain a comprehensive understanding of how Mandarin tones
are actually utilized in the L2, it is crucial for replication studies to include all four tones. This
move would enable a more accurate depiction of the intricacies involved in the process of
acquiring Mandarin tones, and it would allow for a more comprehensive analysis of learners'
abilities to differentiate and produce each tone accurately, shedding light on potential challenges
and areas that require further attention in L2 Mandarin tone acquisition.

Another important direction for future research is the adoption of a longitudinal approach
for data collection, which could provide valuable insights into the developmental trajectory of
Mandarin tone acquisition, allowing for a comprehensive examination of how learners progress
over time. Through a longitudinal study, researchers can explore how Mandarin learners'

perception and production of tones evolve over an extended period, identify potential challenges
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or facilitative factors, and gain a deeper understanding of the developmental processes involved.
In this context, researchers could also investigate how L2 learners interact with the target TTS-S
technology and examine the impact of its pedagogical use.

Finally, conducting this study on a larger scale by recruiting a larger number of
participants could greatly enhance its validity and generalizability. As Porte and McManus
(2019) emphasize, replication is essential in confirming and reinforcing the reliability and
validity of linguistic research, ultimately improving research procedures and outcomes.
Conclusion

As the world evolves, the demand for new CALL pedagogical tools becomes increasingly
apparent. This study aimed to explore the potential of a relatively recent technology called TTS-
S, which combines a cutting-edge tool (TTS) with a traditional classroom technique (Shadowing)
to facilitate the learning of L2 pronunciation. The study focused on enhancing sound awareness,
aural perception, and oral production of tones in Mandarin Chinese.

The results indicated that while there were some improvements in the overall
pronunciation of tones by some participants, particularly in relation to two of the tests (hamely
ABX2 and production), these advancements did not reach statistical significance. Despite the
promising nature of TTS-S as an innovative approach, further research is required to fully

understand its effectiveness and potential impact on L2 pronunciation development.
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Appendix A

Sample of the texts presented to the participants

Week 1 - Text 1

el A L R

P H ARG 2

BRIMERA, KlE ?

fbe At A,
WA AR 2
R I,
XA AR HE?
XA PG -
XEHES,

Translation:

e A R o

Are you Chinese?

I am Canadian. You?
He is from Beijing.
What is her job?

Mr. Gao is not a teacher.
Who is this person?
This is my mother.

This is my dad.

X NN RE WD =

Ni shi zhongguo ren ma.
Wo shi jianada ren. Ni ne?
Ta shi beijing ren.

Ta zuo shenme gongzuo?
Gao xiansheng shi laoshi.
Zhe shi shei?

Zhe shi wo mama.

Zhe shi wo baba.
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Appendix B
Demographic Questionnaire

Participant’s code :

.Age: 18-20 21-25 26-30 31-35 36-40 4landup

. Gender (optional):

. What is/are your first language/s?

. What other languages do you know or speak?

. Have you ever learned any languages on your own? Yes / No

1. If so, which one(s)?

2. If so, what tools/books/websites did you use to learn?

3. If so, what tools/books/websites did you use to learn pronunciation? Which?

. Have you ever used shadowing? — Shadowing consists of the repetition of a word, phrase, or
sentence immediately after hearing it.

. If you have used shadowing, what do you use it for?

. Have you ever used text-to-speech software (text readers)?

1. If you have used text-to-speech software, what do you use it for?

2. Have you ever used ‘Ispeech’? Yes No



9. What is your highest level of education?

10.

11.

12.

13.

Primary Secondary  Bachelor’s  Master's PhD

What do/did you study?
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I enjoy using technology to learn languages.
1 2 3 4 5) 6
(Not much) (Very much)
How interested are you in learning new languages?
1 2 3 4 5) 6
(Not much) (Very much)
| am motivated to learn Mandarin in this study.

1 2 3 4 5 6

(Strongly Disagree) (Strongly Agree)

Have you ever learned or been exposed to the Mandarin language? If so, please explain.




Appendix C
Awareness test
. mal ma4
1. Are those two sounds the same?
1. Yes 2. No

2. Explain.

. Mi4, mil

1. Are those two sounds the same?
1. Yes 2. No

2. Explain.

. mel mel

1. Are those two sounds the same?
1. Yes 2. No

2. Explain.

. Mul mu4

1. Are those two sounds the same?
1. Yes 2. No

2. Explain.

. mo4, mo4

1. Are those two sounds the same?
1. Yes 2. No

2. Explain.

. mil mil
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1. Are those two sounds the same?

1. Yes 2. No

2. Explain.
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1. malVS ma4

2. mo4 VS mo4d

3. mud4 VS mul

4, malVS mad

5. mel VS mel

6. mi4 VS mil

7. milVS mi4

8. mol VS mol

9. mud4 VS mul

10. med4 VS me4d

Appendix D

ABX 1 Pretest and Posttest
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Appendix E
ABX 2 Pretest and posttest

1. Control sound: mal VS ma4, Blind sound: mal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20. Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

Control sound:

mel, me4, Blind sound: me4
mil, mi4, Blind sound: mi4
mil, mi4, Blind sound: mil
mil, mi4, Blind sound: mi4
mol, mo4, Blind sound: mo4
mol, mo4, Blind sound: mol
mol, mo4, Blind sound: mo4
mal ma4, Blind sound: ma4
mel, me4, Blind sound: mel
mel, me4, Blind sound: mel
mul, mu4, Blind sound: mul
mal ma4, Blind sound: ma4
mul, mu4, Blind sound: mu4
mul, mu4, Blind sound: mul
mal ma4, Blind sound: mal
mel, me4, Blind sound: me4
mil, mi4, Blind sound: mil

mol, mo4, Blind sound: mol

mul, mu4, Blind sound: mu4



Appendix F

Example of the answer sheet provided to the test-takers

Participant number:

Section 1: Are the two sounds the same or are they different?
1. Same Different

If the sounds are different, what is the difference between the two sounds?
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2. Same Different

If the sounds are different, what is the difference between the two sounds?

3. Same Different

If the sounds are different, what is the difference between the two sounds?

4. Same Different

If the sounds are different, what is the difference between the two sounds?

5. Same Different

If the sounds are different, what is the difference between the two sounds?
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6. Same Different

If the sounds are different, what is the difference between the two sounds?

Section 2: Are the two sounds the same or are they different?

1.

2.

10.

Same

Same

Same

Same

Same

Same

Same

Same

Same

Same

Different

Different

Different

Different

Different

Different

Different

Different

Different

Different
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Section 3: You will be presented with two sounds (A and B) followed by a third one (Sound C).

Identify the Sound C as either Sound A or Sound B.

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound A

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B

Sound B



Appendix G

Example pretest and posttest Production task
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The participants were instructed to orally repeat (listen-and-repeat) the sound they heard after it

was produced:

List of pseudowords (syllables) to produce:

1.

2.

Mal

Me4

Mid

Mo4

Mel

Ma4

Mil

Mu4

Mul

10. Mol
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	Appendix A
	Appendix B
	Participant’s code : ___________________
	1. Age:      18-20      21-25      26-30      31-35      36-40      41 and up
	2. Gender (optional): ____________________________________________________________
	3. What is/are your first language/s? ___________________________________________________________________________
	4. What other languages do you know or speak? ___________________________________________________________________________
	5. Have you ever learned any languages on your own? Yes / No
	1. If so, which one(s)? ____________________________________________________
	2. If so, what tools/books/websites did you use to learn? _____________________________________________________________________
	3. If so, what tools/books/websites did you use to learn pronunciation? Which?
	_____________________________________________________________________
	6. Have you ever used shadowing? — Shadowing consists of the repetition of a word, phrase, or sentence immediately after hearing it.
	7. If you have used shadowing, what do you use it for?
	_______________________________________________________________________
	8. Have you ever used text-to-speech software (text readers)?
	1. If you have used text-to-speech software, what do you use it for?
	_______________________________________________________________________
	2. Have you ever used ‘Ispeech’?    Yes     No
	9. What is your highest level of education?
	Primary Secondary Bachelor’s Master's PhD
	What do/did you study?
	________________________________________________________________________
	10.  I enjoy using technology to learn languages.
	1 2 3 4 5 6
	(Not much)     (Very much)
	11. How interested are you in learning new languages?
	1 2 3 4 5 6
	(Not much)     (Very much)
	12. I am motivated to learn Mandarin in this study.
	1 2 3 4 5 6
	(Strongly Disagree)    (Strongly Agree)
	13.  Have you ever learned or been exposed to the Mandarin language? If so, please explain.
	________________________________________________________________________
	________________________________________________________________________
	________________________________________________________________________
	________________________________________________________________________

	Appendix C
	1. ma1 ma4
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.
	2. Mi4, mi1
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.
	3. me1 me1
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.
	4. Mu1 mu4
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.
	5. mo4, mo4
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.
	6. mi1 mi1
	1. Are those two sounds the same?
	1. Yes         2. No
	2. Explain.

	Appendix D
	1. ma1 VS ma4
	2. mo4 VS mo4
	3. mu4 VS mu1
	4. ma1 VS ma4
	5. me1 VS me1
	6. mi4 VS mi1
	7. mi1 VS mi4
	8. mo1 VS mo1
	9. mu4 VS mu1
	10. me4 VS me4

	Appendix E
	1. Control sound: ma1 VS ma4, Blind sound: ma1
	2. Control sound: me1, me4, Blind sound: me4
	3. Control sound: mi1, mi4, Blind sound: mi4
	4. Control sound: mi1, mi4, Blind sound: mi1
	5. Control sound: mi1, mi4, Blind sound: mi4
	6. Control sound: mo1, mo4, Blind sound: mo4
	7. Control sound: mo1, mo4, Blind sound: mo1
	8. Control sound: mo1, mo4, Blind sound: mo4
	9. Control sound: ma1 ma4, Blind sound: ma4
	10. Control sound: me1, me4, Blind sound: me1
	11. Control sound: me1, me4, Blind sound: me1
	12. Control sound: mu1, mu4, Blind sound: mu1
	13. Control sound: ma1 ma4, Blind sound: ma4
	14. Control sound: mu1, mu4, Blind sound: mu4
	15. Control sound: mu1, mu4, Blind sound: mu1
	16. Control sound: ma1 ma4, Blind sound: ma1
	17. Control sound: me1, me4, Blind sound: me4
	18. Control sound: mi1, mi4, Blind sound: mi1
	19. Control sound: mo1, mo4, Blind sound: mo1
	20. Control sound: mu1, mu4, Blind sound: mu4

	Appendix F
	Participant number: _________________
	Section 1: Are the two sounds the same or are they different?
	1. Same                   Different
	If the sounds are different, what is the difference between the two sounds?      ____________________________________________________________________________________________________________________________________________
	2. Same                   Different
	If the sounds are different, what is the difference between the two sounds?
	____________________________________________________________________________________________________________________________________________
	3. Same                   Different
	If the sounds are different, what is the difference between the two sounds?
	____________________________________________________________________________________________________________________________________________
	4. Same                   Different
	If the sounds are different, what is the difference between the two sounds?
	____________________________________________________________________________________________________________________________________________
	5. Same                   Different
	If the sounds are different, what is the difference between the two sounds?
	____________________________________________________________________________________________________________________________________________
	6. Same                   Different
	If the sounds are different, what is the difference between the two sounds?
	____________________________________________________________________________________________________________________________________________
	Section 2: Are the two sounds the same or are they different?
	1. Same                   Different
	2. Same                   Different
	3. Same                   Different
	4. Same                   Different
	5. Same                   Different
	6. Same                   Different
	7. Same                   Different
	8. Same                   Different
	9. Same                   Different
	10. Same                   Different
	Section 3: You will be presented with two sounds (A and B) followed by a third one (Sound C). Identify the Sound C as either Sound A or Sound B.
	1. Sound A                  Sound B
	2. Sound A                  Sound B
	3. Sound A                  Sound B
	4. Sound A                  Sound B
	5. Sound A                  Sound B
	6. Sound A                  Sound B
	7. Sound A                  Sound B
	8. Sound A                  Sound B
	9. Sound A                  Sound B
	10. Sound A                  Sound B
	11. Sound A                  Sound B
	12. Sound A                  Sound B
	13. Sound A                  Sound B
	14. Sound A                  Sound B
	15. Sound A                  Sound B
	16. Sound A                  Sound B
	17. Sound A                  Sound B
	18. Sound A                  Sound B
	19. Sound A                  Sound B
	20. Sound A                  Sound B

	Appendix G
	The participants were instructed to orally repeat (listen-and-repeat) the sound they heard after it was produced:
	List of pseudowords (syllables) to produce:
	1. Ma1
	2. Me4
	3. Mi4
	4. Mo4
	5. Me1
	6. Ma4
	7. Mi1
	8. Mu4
	9. Mu1
	10. Mo1


