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We have built a set of web-based tools that take learning far beyond the classroom for L2
pronunciation students. Among these is a user-friendly site where students record
themselves and can instantaneously compare their own voiceprint to that of a native
speaker. Students continue to practice specific sounds until their production “looks” like
their native target. For each sound, the system displays native and non-native speech
samples (i.e., clickable sound files) alongside spectrographic representations. A column
to the left orients the user on how to interpret the spectrograms to analyze the sound. The
interface enables students to produce live-generated spectrograms, re-recording until their
productions both sound and look like the native output. Recordings are automatically
submitted to the instructor for effortless monitoring of students’ progress. This interface
was originally developed for Spanish and has been extended to English and Quechua.
The response from Spanish students is overwhelmingly positive, many citing that
“seeing” their pronunciation allowed them to internalize the steps necessary to make
improvements as never before. They report increased satisfaction at being able to work
on their pronunciation outside of class and receive the necessary feedback to assure that
they are pronouncing correctly, even without a language expert present.

INTRODUCTION

In her keynote speech at this year’s annual conference, Isabelle Darcy (2017) highlighted the
ways in which, as researchers and teachers, we can bridge the gap between research and practice
in pronunciation teaching. How do we apply our research to the pronunciation classroom and
vice versa? One such gap between teaching and research can be seen in the way we have our
students practice. Despite considerable technological advances in phonetics research in the past
twenty years, we often find ourselves employing the same pronunciation drills we have always
used rather than harnessing the technology used in modern acoustic analysis for pedagogical
purposes.

Some scholars have noted this gap, experimented with different types of visual feedback, and
found these methods to have enormous potential. In his review of Computer Assisted
Pronunciation Training (CAPT) techniques, Levis (2007) supports the use of visual feedback in
CAPT systems, citing the best-known visualizations as: spectrograms, waveforms, and pitch
tracings. Studies specifically looking at the efficacy of CAPT programs have shown increased
gains when compared to control groups for features such as pitch, voicing, vowel length, and
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geminate consonants (Hew & Ohki 2004); vowel height (Quintana-Lara 2014, Kartushina et al.
2015); and rhotics (Patten & Edmonds 2015), among many other features.!

Thus far there has been a focus on learners of English, and as is evident in all areas of linguistic
research, our pedagogy can be significantly improved by trying to solve the “problems” of other
languages. Additionally, despite these advances, students often report technical frustration with
programs such as Praat, and are unable to see beyond the technology itself in order to truly
appreciate what it has to offer. Visual feedback can be powerful, but it seems that with today’s
students, how this feedback is packaged is of utmost importance.

The motivations for using technology in pronunciation practice are evident: face time with
students is limited and instructors are constantly left wishing they had more time for individual
feedback. While listening to recordings outside of class commonly supplements in-person
feedback, it can quickly become overwhelming. On the student side, there are learners who are
unable to hear the difference between their pronunciation and the native pronunciation, rendering
it impossible to identify how to “fix” their own. Thus, pronunciation instructors are left with a
few problems to solve: how can students receive effective and timely feedback without the
instructor present? How can cutting-edge technology be efficiently used to simultaneously help
students improve their pronunciation and learn about acoustic phonetics?

We have designed a user-friendly site? that aims to resolve these issues by allowing students to
record themselves in real time and receive instantaneous feedback via spectrographic
representation. Upon logging in to the interface, students are presented with native and non-
native speech samples of a particular sound accompanied by spectrograms of these speech
samples. They can listen to the difference between the native and non-native productions while
simultaneously noting how the two spectrograms differ, guided by an instruction panel. Students
are then able to record their own production and compare it to the native and non-native, both
visually and auditorily. Students can continue to practice and re-record the sounds until their
production ‘looks’ like that of the native target. Crucially, students do not need to download a
program or native speech samples in order to use this tool; everything is provided in a one-stop
shop so that the technical difficulties mentioned earlier are eliminated and students can focus on
the visual feedback itself. In the sections that follow, we describe in detail the design of the tool
and the user experience (section 2), feedback from students and instructors (section 3), the
benefits and limitations of this methodology (section 4), and areas for its future development
(section 5).

Description of the tool

The online tool that we have developed makes practicing difficult sounds for the L2 learner of
Spanish, English and/or Quechua a smooth and efficient experience. For now, each sound is
housed on a separate webpage and thus the students are provided with a list of web addresses for

! This list of studies is necessarily limited due to the length restrictions of this paper. For an
overview of other studies in CAPT, see Levis (2007) and O’Brien (2006).

2 Inspiration for this online interface grew out of our collaboration with the OhioSpeaks project
of the Department of Linguistics at The Ohio State University (Wanjema et al. 2013).
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all of the target sounds. Ohio State students utilizing this tool for a course are asked to sign in
with their credentials so that their usage and progress can be monitored by their instructor.

Upon reaching the webpage of a unique sound or phonological process to be practiced, the user
finds sidebar instructions on the left that are tailored to the particular lesson. The target sound
and its non-native counterpart appear in phonetic notation, and the instructions are broken down
into phases, the first being “Listen & Observe” and the second “Practice & Record”. Next to
these sidebar instructions, we find a series of three interactive voiceprint boxes where the
spectrographic representations appear. The first and third boxes correspond to the Phase 1
instructions and contain prerecorded examples of the native (box 1) and non-native (box 3)
pronunciations of the target sound. The student is able to listen to these recordings by clicking
the “Play” button below each box and, at the same time, see a real-time spectrogram of the
recordings in the boxes. The student can repeat Phase 1 as many times as they desire, being led
by the instructions to understand what they are hearing and viewing. These instructions ask the
student comprehension check questions that also contain descriptions of the spectrograms,
presented in such a way as to highlight the differences between the native and non-native
versions. For example, if the student is trying to perfect their pronunciation of the Spanish
approximant [], which would be realized as the full stop [b] in English, the page would appear
as in Figure 1.

The spectrograms here clearly show that there is a large gap of white space between the colored
columns of the non-native version where the red formant lines break, but there is more continuity
in the red formant lines of the native version. While a written description of this comparison is
contained in the Phase 1 instructions, students also receive basic instruction in interpreting
spectrograms in class.

In Phase 2 the student is given the chance to practice their own pronunciation of the target sound
by clicking the “Record” button under the box labeled “Your Version”. Upon clicking the
“Record” button, they do their best to imitate the native pronunciation, and a spectrographic
representation of their speech shows up in real time as they speak. Contained in the Phase 2 part
of the sidebar are explicit instructions on how to execute their own recordings as well as the
English translation of the word that they are practicing that contains the target sound, in this case
haba ‘fava bean’.
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Native Version

Instructions
Welcome to the online pronunciation practice!
In this activity, we'll be looking at the
difference between [b] and [B].

PHASE ONE: Listen & Observe

—

. Listen to the samples.

2. Compare the spectrograms for "native”
and "non-native". Your Version

w

. Do you see a white space in the middle
of the "non-native" spectrogram? That
corresponds to the closure of [b].

4. Is this white space present in the
"native" spectrogram?

PHASE TWO: Practice & Record

5. When ready, press RECORD and say m
“haba" (the Spanish word for 'fava
bean'). Your first recording is Non-Native Version
automatically saved. I;‘m:"igf,
6. Listen to your recording by pressing 3 _;-_-‘5\
PLAY and compare it to the samples. %"5_25
e
7. Keep practicing by pressing RECORD g-»' 1_‘;_:: &~
again to generate a new spectrogram. :ﬁ: '\\‘& -
8. When you have your best recording, i&g
press SAVE to submit it to your [ AT 3 A
instructor. ﬁ

Figure 1. Screenshot of online interface for Spanish [[3]

Once the student has completed their first recording, the options to “Play” or go “Back to
Carmen” (Ohio State’s learning management system) appear, and the student also sees that their
first attempt has been saved. The student can then play their recording in coordination with the
native and non-native ones to auditorily compare them as well as visually compare the
spectrograms. They are able to rerecord themselves as many times as they wish until they are
satisfied with their native-like audio and visual realization of the target sound. At this point they
click a “Save” button that appears under their spectrogram to save the recording. Both the
automatically saved first recording and their elected final recording are sent to the instructor so
that they are able to track the student’s progress and identify strengths and weakness among all
students in their class.

So far, the target Spanish sounds for which we have adapted this tool are: approximants [(3] (vs.
English [b]): haba (screenshots in Figure 1), [0] (vs. English [d]): hada, and [y] (vs. English [g]):
haga; unaspirated voiceless stops [p] (vs. English [p"]): pan, [t] (vs. English [t"]): tan, and [k]
(vs. English [k"]): can; and fricative voicing [z0]: desde vs. de este.

For Quechua, thus far we have focused on the differences between the unaspirated, aspirated,
and ejective voiceless stops and affricates: [p] vs. [p"] vs. [p’]; [t] vs. [t"] vs. [t']: tanta
(‘meeting’), thanta (‘old’), t ‘anta (‘bread’); [k] vs. [k"] vs. [K’]; [tf] vs. [t/P] vs. [tf°]. Figure 2 is a
screenshot of the comparison of ¢’anta (box 1) vs. tanta (box 3). The target sound is the ejective
[t’] that does not appear in Spanish or English, and here it is compared to the unaspirated version
tanta which contains the [t] that is present (in this context) only in Spanish (a language already
spoken by most learners of Quechua). If the student speaks English but not Spanish, comparing
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t’anta (with the ejective) to thanta (with aspiration) would be more appropriate since the default
English pronunciation would be aspirated.

In this example, the native version contains three distinctive segments with white space between
each, the first of which being an initial, high-intensity explosion representing the ejective [t’]. In
the non-native version, this ejective does not appear because the word fanta is being produced,
which simply contains an initial unaspirated stop followed immediately by the vowel [a]. There
is therefore no white space between the stop [t] and the appearance of the red vowel formants.

Native Version

Instructions
Welcome to the online pronunciation practice!
In this activity, we'll be looking at the
difference between [t'] and [t].

PHASE ONE: Listen & Observe

1. Listen to the samples.

2. Compare the spectrograms for "native"
and “non-native".

3. Do you see a white space directly
following the initial consonant of the
"native" spectrogram? That corresponds
to the closure of [t].

4. Is this white space present in the
"non-native" spectrogram?

PHASE TWO: Practice & Record

5. When ready, press RECORD and say
"t'anta” (the Quechua word for 'bread'’).
Your first recording is automatically
saved.

6. Listen to your recording by pressing
PLAY and compare it to the samples.

~N

. Keep practicing by pressing RECORD
again to generate a new spectrogram.

8. When you have your best recording,
press SAVE to submit it to your
instructor.

Figure 2. Screenshot of online interface comparing Quechua words ¢’anta ‘bread’ and tanta
‘meeting’

Finally, for English, we have targeted the following: aspirated [p"] (vs. [p] in many other
languages: pot); aspirated [t"] (vs. [t]): top; aspirated [k"] (vs. [K]): cop; [h] vs. [@]: hall vs. all,
flapping /t, d/—[r]: kitty, buddy; and bunched (postalveolar approximant) [1]. Figure 3 displays a
screenshot of [h] vs. [@]: hall vs. all.
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Native Version

Instructions
Welcome to the online pronunciation practice!
In this activity, we'll be looking at the

pronunciation of English [h].

PHASE ONE: Listen & Observe

1. Listen to the samples.

2. Compare the spectrograms for "native"
and "non-native".

3. Do you see messy green blotches before
the line where the coloring of the vowel
begins on the "native" spectrogram?
That corresponds to the glottal friction
of the initial [h].

4. Are these blotches present at the
beginning of the "non-native"
spectrogram, or does it start with a
clean line?

PHASE TWO: Practice & Record

5. When ready, press RECORD and say
"hall". Your first recording is e ——
automatically saved.

6. Listen to your recording by pressing

PLAY and compare it to the samples. Ee——r———
- s
7. Keep practicing by pressing RECORD = N
again to generate a new spectrogram. ———
(ST

8. When you have your best recording,
press SAVE to submit it to your
instructor.

Figure 3. Screenshot of online interface comparing English words Aall and all

In this example, the difference in frication is being focused on, with the native version containing
frication of [h] as represented by the green friction before the yellow and red formants of the
sound [a] begin. In the non-native version, there is no green friction before the yellow and red
formants of the vowel [a] begin; it is just white. This represents the lack of the voiceless fricative
[h], changing the lexical meaning of the word in English. This non-native version would be
expected of students, for example, with L1s of French or Italian, which do not contain a
voiceless glottal fricative in their phonetic inventory.

Having already implemented this tool into certain courses at Ohio State, we have received
feedback from both students and instructors about their experiences. This feedback is outlined in
the section that follows.

Student & Instructor Feedback

Thus far, this tool has been used in eight sections of Spanish 3404 (“Pronunciation”) at The Ohio
State University since 2015. Quantitative survey results were collected in the first semester of its
implementation (Autumn 2015), and since then qualitative impressions have been collected from
both students and instructors. In this section we summarize this feedback, focusing on the areas
most important for future development of the tool.
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The quantitative survey results display the contrast between students’ perceptions of online tools,
in particular the pronunciation tool, at the beginning and end of the semester, before and after
interacting with the actual tool. The survey included whether the online pronunciation activities
will be (pre-survey, N=31) or were (post-survey, N=8) user-friendly, good preparation for class,
worthwhile, enjoyable, and helpful in identifying and fixing pronunciation errors. At the
beginning of the semester, students overall where somewhat skeptical about the utility of the
online pronunciation tool, with rates of agreement vacillating between 45-55% agreement that it
would be useful, worthwhile, helpful, etc. In the post survey, these agreement rates raised to 63-
75% in the qualities of: user-friendly, easy to follow, enjoyable, teaching needed skills, helping
to prepare for class, and identifying pronunciation errors.

In qualitative evaluations, students are quick to point out the advantage of receiving immediate
feedback on their pronunciation. Pronunciation students and instructors alike are often frustrated
with the small amount of class time in which feedback can be given. The tool by no means
replaces invaluable instructor feedback; however, it offers students an additional way to receive
quality feedback, without having to wait until the next class period or for their instructor to grade
their recording. Instructors have recognized that this feature increases students’ autonomy and
sense of responsibility for their pronunciation gains. Interaction with the tool affords students a
new sense of linguistic awareness that aids in meeting their pronunciation goals.

Students also repeatedly report that they enjoyed and appreciated the visual aspect of the tool’s
feedback. They like being able to see their voice visualized in a ‘techy’ way they have never seen
before, especially those who are visual learners. Speaking to the need for multimodal learning
(cf. Levis 2007: 14), several of these visual learners noted that, in class, they had difficulties
hearing the difference between their own pronunciation and the native model of their instructor,
but that the tool allowed them to understand and internalize their own pronunciation in a new
way by giving them a visual target to work towards. More specifically, the fact that the interface
includes both native Spanish and naive native English productions gives students an idea of the
two extremes on the spectrum and, even if they do not succeed in ‘matching’ the native, they
might land somewhere in between. From the instructor’s perspective, the visualization reinforces
the Spanish versus English contrasts discussed in class and helps students to better conceptualize
the phonological system. To put it succinctly, “seeing is believing” and this tool can convince
students that the contrasts we talk about in class actually exist. One instructor also noted a
feedback loop in which seeing the linguistic contrasts actually caused his students to be able to
hear these contrasts better moving forward.

Finally, students like the interactive and creative aspect of the pronunciation practice. A couple
of instructors had their students ‘play around’ with a super ‘gringo’ accent versus their best
native accent, which encourages students to do the activity over and over again and see how the
visual changes. When used properly, this tool can take one of the most tedious parts of language
acquisition (pronunciation drills) and make it more fun. This feature of the system leaves
students wanting more, which encourages them to continue taking linguistics, and specifically
phonetics, as they further their studies.
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Comparisons with other technologies

The online tool described here is just one of a number of emerging technologies with
implications for L2 pronunciation instruction. Like all computer-assisted methodologies, it
presents both virtues and limitations, which we will examine here in more detail.

To begin with, some articulatory distinctions can be clearly seen on a spectrogram that cannot be
appreciated using other visual representations, and vice versa. While electropalatography
illustrates nuances in the contact between articulators which are not easily discernable on a
spectrogram, it is only able to do so if, in the production of the sound in question, the tongue
makes contact with some part of the hard palate. Vowels and labial consonants (just to name two
classes of sounds) are therefore irrelevant to the usefulness of electropalatograms as a teaching
tool.

Similarly, the distinction between velar and uvular consonants (critical in Bolivian Quechua) can
be illustrated neatly via ultrasound technology (Bird & Bliss 2017), but not so clearly on a
spectrographic voiceprint. The spectrogram, however, is able to capture labials and other sounds
whose articulators interact outside of the section of the vocal tract captured in the ultrasound
image. And while relative tongue height and backness are visible in the formants on a
spectrogram, the nuances of vowel quality are much clearer on a vowel plot, such as that
produced by the computer program described in Lie-Lahuerta (2014).

Some studies have critiqued the use of spectrograms in pronunciation practice (cf. Neri,
Cucchiarini, & Strik 2002), alleging that students are not likely to be able to pick up on the errors
they are making via such feedback. However, we have shown that with a small amount of
training in interpretation and an interface that allows for native vs. non-native comparison, the
use of spectrograms can be beneficial to L2 pronunciation students. What is key is making sure
the spectrographic representations are used in a motivated and targeted way and highlight
particular features that are relatively easy to observe in this type of visualization.

In fact, one additional benefit that accrues to the learner is basic knowledge of acoustic
phonetics—for example, how approximants appear different from stops, or the relationship
between, say, aspiration or glottalization and the subsequent onset of voicing. These concepts,
and their articulatory concomitants, are neither trivial nor impractical in the acquisition of native-
like pronunciation, and it therefore makes sense to teach them in conjunction with the targeted
practice in question. There is even reason to believe that students will better internalize such
notions when presented on a need-to-know basis and as part of an interactive lesson with
personalized impact.

Areas of future development

While student and instructor feedback has shown the usefulness of this pronunciation tool, there
are of course ways in which is can be improved, especially at a time in which the advances in
CAPT technology multiply by the day. The first area of development that we see regards content
as opposed to technical features. We continue to work on the expansion of this tool to include
Quechua and English pages, with the eventual goal of expanding to other world languages. This
understandably requires the collaboration of instructors of other languages, but presents vast
potential for several reasons, one being that the addition of new languages and sounds challenges
the limits of the online interface, ideally making it more powerful and flexible. With the
development of pages in other languages, the system should be flexible enough to allow for
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different comparisons based on the student’s L1, as mentioned above in the case of Quechua
t’anta. Another area of content revision concerns which sounds are targeted. Currently the
pronunciation tool targets those linguistic features (ex. aspiration) that are easiest to observe on a
spectrogram; however, additional attention should be given to whether these are the sounds that
are most difficult for L2 learners and whether there is a way to expand the system to other
‘difficult’ sounds. Finally, we intend to expand the database of native speaker recordings to
allow for the students to choose the dialect and gender of the native speaker that their speech is
compared to, given that recent developments in the ‘golden speaker’ technology have shown that
learners benefit greatly from hearing a model voice that is similar to their own (Ding et al. 2017).

Beyond content development, there are several areas in which the tool itself can be improved in
order to allow for an even more positive student experience. The quality of the spectrograms,
although somewhat dependent on the students’ recording environment, should be improved to
facilitate the identification of visual differences between native and non-native spectrograms.
Also, we have received several comments about having some instantaneous feedback beyond the
visual comparison of spectrograms. For instance, for the aspiration of /p, t, k/, the interface could
let users know what their VOT (Voice Onset Time) was in order to compare to the VOTs of the
native/non-native samples. This would require the use of a Praat (Boersma & Weenink 2017)
script or similar and potentially more linguistic training for the users; however, for some sounds
it would resolve the issue of users not knowing what to look for in the spectrogram.

To that point, the main area of future development that we see at this time is figuring out how to
make the interface even more user-friendly so that it could be used with novice and intermediate
learners, who may or may not be receiving explicit pronunciation instruction in class. We feel
that spectrographic representations have the potential to be used in this way if some adaptations
were to be made. For instance, in addition to the instructions on the left side panel, there could be
boxes or arrows that highlight the portion of the spectrogram that is relevant to the target sounds.
There could also be a training module (cf. Levis 2007) added in order to guide the user through
the ideal experience. Nevertheless, the question remains of how a novice or intermediate learner
would apply the spectrographic information to their pronunciation. This presents a significant
challenge, but one that might be overcome through the use of pronunciation podcasts to
accompany the pronunciation interface.

Finally, we are currently working on making this site open to the public so that instructors and
students at other institutions may take advantage of it. Ideally this version of the site will have a
landing page that will allow users to peruse all of the sounds available for practice. It is our hope
that by making the site open we are able to receive increased feedback that will allow us to
continue to improve the tool’s effectiveness. Look for it in the future at pronounce.osu.edu.
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