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ABSTRACT

Educators and researchers in the acquisition gitidhology have
called for empirical assessment of the progrestestis make after
using new methods for learning [1]. This study wstigated

whether unlimited access to a speech-recognitizeddanguage
learning program would improve the general goodnes$s
pronunciation of a group of middle-aged immigrandfpssionals
studying English in Sweden. Eleven students wererga copy of

waveforms and pitch curves aid students in pensgiviow their
prosody deviates from a model. Computer animatitinstrate
the inside of the vocal tract and the movementsessary for
proper articulation of sounds. Features such asetbhould be an
important aid to teachers who do not have the mressuo instruct
students individually in pronunciation.

Morley [1] expresses a “need for controlled studishanges
in learner pronunciation patterns as the result spkcific
instructional procedures”. The research reportechere was a

the prograntalk to Meby Auralog as a supplement to a 200-hour study of whether an existing commercial programmgisspeech

course in Technical English, and were encouragegrdotice on
their home computers. Their development in spokegligh was
compared with a control group of fifteen studentsowdid not

receive software.Talk to Meuses speech recognition to provide

conversational practice, visual feedback on prosouy scoring of
pronunciation. A significant limitation of commeati systems
currently available is their inability to diagnosepecific

articulatory problems. However, in this course stitd also met at
regular intervals with a pronunciation tutor whailtbsteer them
in the right direction for finding the most impantasections to
practice for their particular problems. Studengparted high
satisfaction with the software and used it for &erage of 12.5
hours. Students were pre- and post-tested withatitematic

PhonePass SET-10 test from Ordinate Corp. Resutsate that
practice with the program was beneficial to thoselents who
began the course with a strong foreign accent hat $tudents
who began the course with intermediate pronunciatia@ not

show the same improvement.

1. INTRODUCTION

1.1. Speech recognition for teaching and evaluating

With proper adaptation, speech technology allowsjirréng
language students to practice spoken language deuttie
classroom. Dialogue-based software using fixedewsp ASR
lets learners have a simulated conversation witbomputer.
Practicing with such programs should help studeniprove
fluency and confidence. Furthermore, the softwaae provide
individual feedback on pronunciation, which is stimeg that is
often lacking in the language classroom. Algorithcalculate by
how much a given pronunciation has deviated fromaael, and
give a score on phonetic accuracy. Visual reptesien of

recognition could help improve student pronunciati&Gtudents in
one section of a course in Technical English wdfered their
own copy of a leading program for practicing spoksglish. The
development in their pronunciation was comparech wtftat of
students in another section of the course. Theruicsbdnal
procedure to be evaluated was thus the use of #cylar
pronunciation program as supplemental courseware.

A similar study was carried out by [2], who askezjimning
and intermediate learners of Spanish to practite aiprogram of
the researchers’ own desidgfreshTalk There were three groups
of students, two using different forms of the s@fite; and one that
had no software at all. Students were recordedhetbeginning
and end of the three-week trial, and practiced\aamage of three
hours. A conclusion these researchers found waghbanterface
design was important in keeping the students uiegsoftware.
The study suffered from a high drop-out rate. lLagge learning
software is of course of no benefit at all if itisused, and getting
students to devote their own time to extra pradsceasier if the
software is pleasant to use. This is justificatifor using
commercial products where resources have been rat the
sensory stimulation provided by musical and phatpbic
material, as well as a cohesive and amusing irterfa

An obstacle in testing pronunciation is determiningractical
method for evaluation. Human judgment is time-comsig and it
is difficult for raters to be consistent. In thisudy, a fully
automatic measure of pronunciation was used for anel post-
testing the control and experimental groups. Thias whe
PhonePass SET-10 test from Ordinate Corp [3], arti@ite test
of spoken English administered over the telephaile [The test
uses speech recognition to assess the correctrfessudent
responses and also gives scores in pronunciatiorflaency. The
pronunciation score for each student is the basighe analysis
reported in this paper. An evaluation of the susftésess of using
PhonePass for scoring pronunciation is describgs]in



1.2. Softwareused for this project

One company that has successfully marketed langlesgaing

programs that use ASR is the French company Aurdfdg

Auralog thoroughly integrated the technology inwTalk to Me

language series, which is the product we chosedorstudy. The
core of the software consists of six dialogues,reiee user utters
one of three responses. Each dialogue consistsirtf juestion-

and-answer screens with accompanying photographstrations

and occasionally music and video clips as well. Tdwt of

choosing a response initiates a degree of spomyamgd the

‘conversation’ and hopefully allows more naturahdaage than
would be enabled by just reading one specific nespo

While the dialogues in practice communication skilinore
specific pronunciation training is carried out abtence, word, or
phoneme level. At phoneme level, users are shdwar8mations
of a sagittal section, showing how the sound igc@leted. At
word and sentence levels, each response from tidegdes is
practiced individually. Users compare the wavefaamd pitch
curve of their own production with that of the mbdpeaker. A
score for the production is given, on a scale fama to seven. If
the program has found particular difficulties regiagng a specific
word in the phrase, that word is highlighted in thrt screen, to
help the student notice what sounds he needs t& wor The
user's responses are recorded and she can listmytof them at
any time. The program is thus a development etand/playback
model, with the added input of feedback in the fayfna score
from the system, extraction of the most seriousat®n from the
models, and the visual comparison of speech signals

The user can adjust the levels of different sestiig the
software. The speech can be slowed down to allosieea
comprehension. Most important, however, is that diféiculty
level of the speech recognition can be adjustegdaire a looser
or tighter match to the underlying models. For epmat the
lowest level of difficulty, the system recognizendaaccepted the
word villa pronounced aswilla’ . This pronunciation was rejected
and the phrase unrecognized at higher levels dicudlfy. This
allows users to challenge themselves by settindendevels.

An important limitation of this software, like otheommercial
systems currently available, is its inability toagihose specific
articulatory problems and give corrective ratheantrevaluative
feedback. In our study, however, students also witst a tutor
who helped them diagnose and correct their prohlems

2. METHOD

2.1. Framework

This study involved two groups of students, the te@ngroup
taking a course in the fall of 2000, and the experital group
taking the same course the following term, sprii2 The
experimental group receivedralk to Me English (1)as
supplemental courseware. The course was a 200-teuyveek
course in Technical English for Immigrants offerdthe Royal
Institute of Technology (KTH) in Stockholm. Onejugrement of
the course was five hours of individualized, tutand computer-
assisted pronunciation tutoring. In the fall tesfr2000, students
followed the normal course plan and were testedHerpurposes
of future comparison. Their five hours of pronuticia tutoring
were assisted by a software program that helpedttitents learn

to trade one hour'’s tutoring for a copy Bdlk to Mefor use on
their home computers. They still received four fisoof tutoring,
usingTalk to Me instead of the IPA program. The course content
was generally the same for the two groups, buteéhehers were
different.

2.2. Subjects

The students in the course were middle-aged enginfem

different language backgrounds. The course wasefingy the
Stockholm County Employment Bureau and was intentted
encompass full-time, paid activity for the studenfhe students
were admitted to the course on the basis of a plane test, but
possessed varying skills in English ranging fromvaeted

beginner to upper intermediate. In the control grolere were
fifteen students (two female), who were native &pes of Farsi
(3), Spanish (2), Arabic (2), Azerbaijani (2), Kigld, Polish,

Russian, Armenian, Tigrinya and Romanian. Theirraye age
was 42.

The pool of students in the spring course of 20€ie (
experimental group) was thirteen. Eleven of theroepted the
offer to trade an hour of tutoring for a programgavere given a
CD-ROM copy of Talk to Me. Ten of these were able to
successfully install the program, and nine of thaacticed with
it. This group consisted of seven males and twaafes) age 47 in
average, who were native speakers of Farsi (2)jskq(2),
Hungarian, Romanian, Russian, Somali and Arabic.

2.3. Use

Students were asked to keep a log of how many hbess used
the program, but were not assigned practice as Wwonkein any
strict sense. The number of hours of use at haanged very
widely, from 2 to 48, with a mean of 12.5, sd 1bhe students
also used the program for four hours with a proratian tutor.

2.4. Pre- and post-testing

Students’ production of spoken English was evatlisigth at the
beginning and end of the course by completion eftém-minute
PhonePass test. Test papers were purchased frdima@r Corp.
Though the PhonePass test can be administeredaingriocation,
our students made their phone calls from a soumdmaom at
KTH and were digitally recorded using 16-bit samgli The
incoming signal from the telephone line was alsgitdily

recorded.

3. RESULTS

3.1. Satisfaction

At the end of the course, the nine students uFadg to Mefilled
out a questionnaire about their attitudes towaedpfogram. They
reported that the program was fun to use and thoitiggenefited
their English. Most reported that they were noteatd use the
program as much as they had hoped, due to ladknef partially
caused by the amount of assignments in other coemsrof the
language course.

3.2. Pronunciation

Taken as wholes, neither the control nor the erpemtal group

IPA notation 6kytalB so that they could use dictionaries more showed significant improvement in pronunciation.

effectively. They did not receive their own proniation program.
In the spring term of 2001, students were offetex dpportunity

The PhonePass test provides six scores: an owe@é and
five sub-scores. This paper looks at the sub-scéoe



pronunciation, which reflects how the examineeedétl from the
acoustic models in the speech recognition systénis thus a
reflection of phonetic accuracy. The minimum scartest-taker
can receive is 2 and the highest is 8. Ordinatertepthat a
difference in scores of more than 0.2 can be censitisignificant
(Bernstein, personal communication). Neither tbatl| group

nor the experimental group produced changes in ngraop

scores from the pre-test to the post-test thatedex this amount.
Figure 1 shows the pre- and post-testing resuitstife control

group, and Figure 2 shows the same for the expatahgroup.
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Figure 1. Control group: Pre- and post-test scoires
Pronunciation from PhonePass test.
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Figure 2. Experimental group: Pre- and post-tesirss in
Pronunciation from PhonePass test.

The last column in both figures shows the meanescof the
tests. The control group shows an insignificardide from 4.7 to
4.6, and the experimental group no change at 4dlllat

Taken as individuals, an important division emergésen
students are grouped according to their proficideegl. Students
with poor pronunciation to begin with, i.e. thoséhna score of
less than 4.2, a group defined by Ordinate as aain‘intrusive’
foreign accent, appear in the leftmost columnsigfifes 1 & 2.
This group improved much more in the experimentaug than in
the control group. The mean score of the five webke
experimental students showed a significant impramnof 0.4,
while the six students in the control group witbres less than 4.2
decreased their mean score very slightly. Figuneresents the

change in pronunciation scores for students, brakewn into the
degree of accentedness with which they began thieseo The
only group showing improvement is the strongly ated students
in the experimental group.
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Figure 3. Change in pronunciation score for student
according to beginning level. Weak students implove
significantly in the experimental group, while aither
groups showed no improvement.

There was no clear relationship between the amoifutiine spent
using the software and degree of improvement. Doe $tudents
who used the program the least, however, showednthst
improvement, as shown in Figure 4.
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Figure 4. Relationship between time spent usingznm
and change in pronunciation score on PhonePass test

4. DISCUSSION

4.1. Teaching

The small size and diverse skills of the experirakegitoup make it
difficult to draw conclusions that are statistigalsignificant.
Furthermore, it may have been unrealistic to expegtimprove-
ment in pronunciation for these students in thigetirame. Acton
[7] reports some improvement for only 50% of a grat foreign
professionals who took a course in English proratiam that
involved 120 hours of work on speech only. Our eeuin
Technical English taught all aspects of the languagith
pronunciation specifically focused on for an averad only 12.5
hours.
Talk to Me provides language learning potential

highlighting the ‘worst’ word in an utterance andigg scores on

by



pronunciation. Still, users need guidance in figdihe necessary
information to correct their mistakes. An exampfehow these
activities work in practice is the student who catoehis tutor
after using the software and mentioned that henatided that the
computer responded negatively to all his pronuranat of words
beginning with /p/. The tutor explained that heswat aspirating
the sound. An animated video of the articulation /pf was
available to the student, and ideally he would hbgen able to
use it to diagnose and solve his problem. Sti#l, sbftware was at
least able to make the student notice that he halolgms with a
particular phoneme. Having the student activelyagegl in the
diagnosis of his pronunciation difficulties is pegdgically
desirable. The ideal automatic system would aldntbe student
in the direction of the appropriate remedial atigg. The fact that
the four students showing the greatest improverhadtused the
program the least on their own could indicate ithatas important
that a large proportion of the learning time waserdpin
conjunction with the human tutor.

The results of this study show just how importars ithat the
pedagogical tools be appropriate to a given stigldatvel of
development in the target language. The learnef titis program
seemed to be better for students with a strondgdioraccent than
for those with an intermediate accent. Auralog esalin attempt
to make the software adaptable to a range of usersaking the
recognition requirements adjustable, demanding aemnexact
match of the model phrase at higher levels. Thisukh allow
students who are already at an intermediate Ivptaficiency to
challenge themselves by imitating the models, and its
instruction booklet, Auralog claims that practiceimitation will
lead to better pronunciation. The failure of outtéestudents to
improve in their pronunciation is evidence that nckry does not
necessarily improve pronunciation. In fact, thessults support
the advice given by [1] that imitative speaking qtiee be used
only for beginning students of a language.

4.2. Evaluating

A potential problem with the methodology used iis $tudy is the
fit between the varieties of English used for asisgs and for
teaching. The PhonePass test is designed to absesswell

candidates will do in a North American environméeFtie speech
corpus used to train the hidden Markov models bsetthe speech
recognition is of North American English. Ordinateas

accommodated candidates who have learned Britighligenby

checking responses at the lexical level with Brifisguists. The
programs from Auralog, on the other hand, usedraafaount of
British English models. Our students were thus ¢peaught both
British and American English (of the five teachershe course,
three spoke Am.E and two Br.E) but were being eteldion only
American English. This may not have been a prolftarnthe more
strongly accented students, but perhaps it wasther better
students who were ready to move in the directiomatfve-like

pronunciation.

It was naturally discouraging for two students whad
devoted an extraordinary amount of time to extranpnciation
work to see that they received no positive recagmifor their
efforts from the PhonePass test. One of these rsisideceived a
substantially lower score for reading fluency (aperal measure)
indicating that she had slowed down her speecthasagempted
to produce more accurate segments. Similar resudte seen in
the study carried out by Precoda et al. [2] whonfba negative
correlation between practice with language learrgoffjware and
change in speaking rate, indicating that increasgention to

pronunciation could slow down speech. In a studygaring
human judgements of spoken Dutch with automatiduatian,
Cucchiarini et al. [8] found that the best automatiedictors of
overall pronunciation ability were temporal measusech as rate
of speech and total duration. However, these sagssunes could
be misleading if ASR is applied to measuridgvelopmentn
pronunciation.

5. CONCLUSION

Extra pronunciation training using ASR-based lamgguéearning
software did not demonstrably improve the mean pnoration
abilities of a heterogeneous group of middle-agéadents.
However, results from the PhonePass test inditateuse of the
program was beneficial for the students who befarcourse with
an ‘intrusive’ foreign accent. A comparable groug kot improve
if they were in the control group, despite the fikeurs of
pronunciation tutoring they received.
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