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Abstract

This pilot study explores the impact of visualizing real-time
speech on improving lexical stress among non-native English
speakers. The study introduces a real-time 3D spectrogram,
where learners can see, hear and imitate a model's speech and
view their own productions. Six French English learners
participated in a three-phase within-subject study consisting in
a pre-test, a 10-week training session using the spectrogram,
and a post-test. The study questions whether visualizing speech
improves lexical stress production and equips learners to handle
new words post-training. An auditory analysis of pre-test and
post-test results revealed a slight improvement in correct lexical
stress placement, with the global mean of accurately
pronounced words rising from 4 in the pre-test to 4.5
participants in the post-test. The mean for correctly
pronouncing pre-test words included in the post-test, improved
by 1 (from 4 to 5) but there was minimal improvement in
correctly pronouncing the new words in the post test. The goal
of this study is to contribute to understanding how L2 learners
can improve their word stress accuracy in English and to
expand our knowledge regarding multi-sensory tools' efficacy
in second language learning.

Index Terms: prosody, word stress, L2 learners of English,
visualising speech, multi-sensorial tool

1. Introduction

Research on second language acquisition has soared in the last
decades but few studies focus solely on prosodic aspects in non-
native speech. Prosody's crucial role in non-native discourse
intelligibility and comprehensibility has now been established
in prior research [1], and [2]. However, mastering prosodic
features like lexical stress remains a challenge for language
learners [3], and [4]. The perception of lexical stress by French
L2 leaners has been found to be difficult because of the vast
difference between English and French prosody especially in
the domain of stress, to the extent that the existence of ‘stress
deafness’ has been postulated [3]. One of the proposed
explanations is that lexical stress does not exist in French,
therefore making it difficult to perceive.

In French, final syllables are lengthened, whereas in English,
unstressed syllables are frequently reduced to a schwa
representing a real challenge for native French speakers [5].
Lexical stress misplacement alone can lead to comprehension
difficulties in addition to causing segmental mispronunciations.
The combination of these can create real intelligibility and
comprehensibility issues. A case in point is independent
pronounced /in’dipident/ (instead of / indo'pendont/).

Since the 1970s, there has been an on-going stream of studies
which have used computer-based methods to test and improve
the perception and production of prosody [6], and [7]. One of

the first studies carried out in the early 1980s by [7] concluded
that visual feedback was more effective than auditory feedback.
Major advances in speech technology have led to the increasing
use of language software and technology such as computer
assisted language learning (CALL) and computer assisted
pronunciation training (CAPT). A few examples of more recent
tools are WASP [8] and Better Accent Tutor [9]. These
examples are particularly interesting regarding L2 prosody
because they enable the speaker to see their productions. Pitch
visualisers (such as Praat [10], and similar software) have been
used in more recent research [11], and [12]. While some studies
have shown the potential of visual aids in improving speech
production [12], [13], [11], and [14], others found that
combining sound and image led to more mixed results in
learning prosody, often due to the complexity of the software
used [15], but also because of the cognitive load [16]. In a
previous study on intonation [17], which used the multi-
sensorial tool described below, four groups had access to
different types of input. For example, one group had no input
and just read and recorded sentences, the second group heard
the model before recording their productions, group three only
saw the spectrogram and group four received multi-sensorial
input (heard the model and saw the spectrogram). The results
between those who only had auditory input and those who had
visual and auditory input were almost identical (63,5% audio vs
64,5% visual and audio input).

Several reasons were put forward to explain this result, notably
the French stress deafness hypothesis [3], and the high
cognitive load of dealing with multi-sensorial input.

A real-time 3D spectrogram tool, Englishville [18], was used in
this study. It uses a real-time 3D spectrogram as a base and
allows the capture of the audio stream so that it can be recorded
on a server. This tool is then integrated in a website that enables
corpus recording, setting up and participation in experiments.
L2 learners can see (and hear) the spectrogram of the recorded
utterances, repeat them and compare their own productions with
the model. This can be considered as visual feedback [16], as
learners are able to use the visual model to improve their own
productions.

This article examines the preliminary results from a pilot study
where non-native learners of English used Englishville to
practice lexical stress pronunciation. The results presented here
are part of a larger project researching the impact of this
software on word-stress and intonation pronunciation. The
research was carried out using a within-subject design [19],
(i.e., the participants are compared to each other, and data
comparison takes place within the group of participants, with
each participant serving as their own baseline) to examine the
learning effect [19]. During the training period (in the form of
drills), learners saw and heard a model spectrogram and audio,
recorded their own productions whilst visualising their own
spectrogram. They could then listen back to both and record
their production again if necessary. Previous research has



shown that using visual aids often yields better results in
training sessions when learning prosody. This can even have
lasting effects on speech production in general [20]. Therefore,
it was hypothesized that the training done during the drills
would have a lasting impact on the post-test experiment.

The research comprised three phases. Initially, a pre-test
required participants to record a list of 30 words without visual
or auditory aid. The words were taken from a list of 76 words
which had been identified as problematic for French L2 learners
of English. This list was made up from 56 words (collected from
personal teaching experience), and 20 words from a published
list [21, pp.111-119]. The words were then sorted out per
number of syllables (2, 3 and 4 syllables).10 words of 2, 3 and
4-syllables were selected for the pre-test (30 words in total).
Following the same criteria, 30 words were selected for the
post-test to which the 30 words from the pre-test were added
(60 words in total). Some examples are village, separately,
Japan, Britain, effort, independent, harmonious. Certain stress-
neutral suffixes were added to some of the words to assess how
they would be produced. Subsequently, the participants were
asked to complete a 10-week training session which consisted
in weekly drills on words and sentences with varied lexical
stress patterns. 120 words and 40 sentences were included in
the drills. There were 40 2, 3 and 4-syllable words. The words
from the pre-test (henceforth considered as ‘known’ words)
were included in the drills but the 30 ‘unknown’ words that the
participants recorded later in the post-test were not included in
the drills. The model speaker was a British female for all the
recordings. The study concluded with a post-test of 60 words,
including 30 from the pre-test. While learners had visual and
auditory support during training, both pre-test and post-test
were conducted without aids.

This study focuses on the following research questions: Does
visualising speech enhance learners’ word stress production?
Through their training, are the learners better equipped to deal
with the new words included in the post test?

2. Experiment

2.1. Corpus

Each participant recorded a total of 90 words (30 in the pre-test
and 60 in the post-test). They were recorded in repetitive mode
by six French learners of English.

The explanation the participants received before starting the
drills was the following: “The text to be read appears on the
screen and you will also hear it. You will also see the
corresponding 3D spectrogram that appears in real-time. In the
spectrogram, the colours red/orange correspond to high
intensity indicating the stressed syllables of the word (and
sentence). The green/yellow colours indicate low intensity
corresponding to unstressed syllables. You can also see the
movement of the tone of voice in the spectrogram, in other
words, this means that you can see if your voice is moving in
the same direction as the model, if the tone/pitch of your voice
is going down or up. Try and imitate the model as much as
possible, i.e., you should try to have red parts and green parts in
the same places as the model. This corresponds to full/strong
sounds (red) and weak/reduced sounds (green)”.

2.2. Speakers

The pilot study involved six French English learners at a B2
proficiency level, corresponding to the French Baccalaureate

level. They were enrolled in their first year of a BA in English
at university and were all volunteers.

2.3. Auditory Analysis of the pre-test and post-test

An auditory analysis of the pre-test and post-test was carried
out. For each word produced by the six participants the
productions were compared to the model following certain
criteria: the number of syllables realised, if the lexical stress
was heard as being on the correct syllable and if it wasn’t on
which syllable it had been placed.

3. Results

3.1. Global results pre-test and post-test

As can be seen in figure 1, the results per participant are
heterogeneous.
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Figure 1: Correct stress (%) per participant for the pre-
test and post-test (all words).

However, all participants showed improvement in the number
of correctly stressed words in the post-test. This increase was
also observed in the global average of correctly stressed words
which was 65% in the pre-test and rose to 72.78% in the post-
test. On average the participants progressed by 7.78%. The
global mean of accurately pronounced words regarding lexical
stress rose from 4 participants (out of 6) in the pre-test to 4.5
participants in the post-test.

As mentioned previously, the participants’ results were
heterogeneous. For example, in the pre-test, Participant 1 (P1)
correctly pronounced less than 50% of the words, whereas P6
realised 90% correctly. The participants all improved from one
test to the next, but their progression was also heterogeneous.
P1, who got the lowest score in the pre-test improved the most
(16.67%). P6 — the participant whose lexical word stress
accuracy was the highest — also improved by 10%.

3.2. Comparing results of words from the pre-test and post-
test separately

The inclusion of the 30 (known) words from the pre-test in the
post-test served multiple purposes: to assess potential
improvement in stress placement from the pre-test, and to
compare the production of these known words with the
unknown words in the post-test.



The mean for correctly pronouncing the known words in the
post-test improved by 1 (from 4 participants in the pre-test to 5
in the post-test). The mean for the unknown words in the post-
test was, however, identical to the global mean in the pre-test

(4).

7
6 °
5
o
ga °
2
S 3 °
2 ) o @
1
0
0 2 4 6

Pre-test

Figure 2: the number of participants with correct stress
production for the same pre-test words in the pre-test
and post-test.

The graph shows the relationship between the number of
participants who correctly pronounced the lexical stress of the
words that appeared in both pre-test and post-test. Each circle
represents one or more words. The larger the circle, the more
words it represents. The circles on the straight line indicate the
words where there was no improvement in the pronunciation of
lexical stress between the pre-test and the post-test. The further
each circle is above this line, the greater the progression, as can
be observed with the circle on the top left side of figure 2. This
circle corresponds to the word character which was correctly
pronounced by 2 participants in the pre-test but by all 6
participants in the post-test. The words which were the most
mispronounced in the pre-test were generally pronounced with
greater accuracy in the post-test. Underneath the line, we can
observe the words for which the participants did not (or barely)
improved from one test to the next. Overall, correct
pronunciation of stress increased from an average of 65% in the
pre-test to 75.89% in the post-test (known words only). The
global average of correctly pronounced words was 72.78% in
the post-test (all words) which decreased to 70.56% for the
unknown words alone.

3.3. Stress-neutral suffixes production

It has been noted that in general, the lexical stress of the known
words was more accurately pronounced than the unknown
words in the post-test.
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Figure 3: the number of correct lexical stress
productions per word for the same pre-test words in the
pre-test and post-test.

Figure 3 represents the number of accurate lexical stress
production per word in both tests. On the left side of figure 3, it
can be observed that words such as problem, critics were
correctly produced by all participants in both tests. In the post-
test (light grey line) the improvement on certain words can be
seen clearly, e.g., character. In the pre-test, the word foreign
was correctly stressed by 2 participants and foreigners was
correctly stressed by 5 participants. However, despite being in
the drills, the correct pronunciation of foreign (which had now
become a known word) only improved by 1 participant in the
post-test, and foreigners was accurately produced by only 4
participants. Both words had been included in the drills and
therefore correct pronunciation was expected to increase. In the
post-test, the new (but derived) word foreignness was less
accurately stressed. Another stress neutral suffix was added to
the word effort in the post-test (effortlessness). All participants
accurately pronounced the stress on effort both in the pre-test
and post-test but only 2 participants correctly pronounced
effortlessness in the post-test. This shows that despite training,
French learners of English were unable to correctly stress
stress-neutral suffixes. It is possible that they did not know that
these suffixes had no effect on word stress and did not notice or
manage to learn this during the drills.

4. Discussion

The main objective of this pilot study was to investigate the
effect of real-time speech visualization on lexical stress
production in non-native speech. The global results show that
there was a small improvement in the post-test results in
producing correct word stress.

The degree of the participants’ heterogeneity was unexpected.
They were all first-year students at university; therefore, it was
presumed they would all have a similar level. Despite this, the
global average of correctly stressed words increased from the
pre-test (65%) to the post-test (72.78%) and all the participants
progressed albeit to different degrees (7.78% on average).
Three levels of learners can be observed in the pre-test: poor,



average and excellent. Those with an accuracy score of 50% or
less (P1, P2 and P3) can be classed as having a poor level, next,
P4 whose accuracy score was 70%, can be classed as average,
followed by two excellent learners (P5 and P6) who produced
the most accurate lexical stress (86.67 and 90% respectively).
However, if we consider the fact that the words in the pre and
post-test were some of the most difficult for French learners of
English in terms of lexical stress and were also cognates, it is
possible to consider that those who scored 50% are better than
just ‘poor’ speakers. The amount of time each participant spent
practising the drills was not recorded therefore the amount of
time spent on the drills cannot be correlated with each
participants’ progression. It is conceivable that those who spent
more time practising simply progressed more than those who
spent less time. The participant who got the lowest score in the
pre-test (P1) improved the most (16.67%) and P6, who could
already be considered as excellent in the pre-test (90% of word
stress accuracy), did even better in the post-test (a 10%
increase). All participants were able to improve their lexical
stress productions demonstrating that real-time speech
visualization can enhance both low level learners (poor) and
very proficient speakers’ productions.

As can be seen in Figure 2, the words which were the most
mispronounced in the pre-test were often pronounced with
greater accuracy in the post-test. It is unclear why the
pronunciation of certain words, despite being in the drills, were
not pronounced accurately in the post-test. The words chosen
for this test were ones that are frequently mispronounced by
French learners of English, even at an advanced level, maybe
some of their pronunciations are simply fossilized and they
were unable to correct them, even with training. Certain words
were cognates, which could cause the interference from French
to be even stronger than for words that were not. Another
possible explanation lies in the hypothesis that French speakers
are in fact stress deaf [3]. However, the participants in this study
did progress to a degree, which could either signify that they
were capable of perceiving and producing lexical stress (and
therefore are not stress deaf), or that they were able to use the
spectrogram to determine where the word was stressed.
Overall, known words in comparison with unknown words
were pronounced better - known words increased from an
average of 65% of correctly stressed words in the pre-test to
75.89% in the post-test. The global average of correctly
pronounced words was 72.78% in the post-test (for all words)
but this decreased to 70.56% when the unknown words alone
were analysed. Therefore, we can say that for unknown words
there was a 5-percentage point improvement from the pre-test
to the post-test.

Regarding stress neutral suffixes, it was expected that practising
and producing these words in the pre-test and in the drills would
help learners to correctly produce lexical stress when a stress
neutral suffix was added in the post-test. This was not the case
for foreignness or for effortlessness even though the words
foreign, foreigners and effort were in the pre-test. This implies
that the addition of a stress-neutral suffix to a word results in its
treatment as an unknown word.

5. Conclusions

In this study, we sought to determine if learners can improve
their lexical stress accuracy through real-time speech
visualization. Consistent with previous research investigating
the effectiveness of visual aids in the acquisition of prosody

[12], [13], [11], and [14], a small progression in the accuracy
of lexical stress productions was observed.

Regarding the second research question which was to
investigate whether the drills could have a positive effect on
learners, enabling them to accurately produce the new words
included in the post test, the results were mixed. Unknown
words were pronounced less accurately (70.56%) than the
known words (75.89%), but even the unknown words were
slightly better produced than the words in the initial pre-test
(65%) (which were also unknown before the participants took
the pre-test). Therefore, contrary to previous findings [19], it is
unclear if the training had a lasting effect in the post-test.
Despite the limited number of participants, the results remain
encouraging. The results of this study tend to confirm other
researcher's claims [22], that computer technology can help
second language learners more accurately perceive and produce
prosodic features. Building upon the results of this pilot study,
a larger-scale experiment is underway to test these findings on
which it will be possible to run a paired samples t-test. With a
greater sample size, the outcomes will be less susceptible to the
influence of diverse participant characteristics. If the results are
confirmed, it would challenge the assumption that French
natives are deaf when perceiving and producing lexical word
stress, while confirming the positive effect of visualizing
speech.
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