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3 HRABR I
Effective Use of Text-to-Speech (TTS) Technology for

EFL Learners with Visual Impairment

1. Introduction
1.1 Whatis TTS?

"TTS means Text-To-Speech conversion technology or engine. It is
computer software that converts a written text into a voice file. Speech
synthesis technology has been around for many years. According to
Jacobson (n.d.), the first text-to-speech system was completed at Bell
Laboratories as early as 1968. Kilickaya (2006) also states that the
first TTS was implemented in the Speak and Spell handheld electronic
learning aid by Texas Instruments in 1978. Until recent years,
machine-made voices had been of such poor quality that they were
often ridiculed as “robot voices”. However, corpus-based speech
synthesis technology has developed so rapidly in recent years that it
can now be considered a valid replacement for human voices for
various purposes, including language learning." (Hideo D Harashima,
2006)

1.2 TTS and Visual impairments

Synthetic speech has been used in various applications but probably
the most important and useful application field in speech synthesis is
the reading and communication aids for the blind. The first
commercial Text-to-Speech Technology (TTS) application was the
Kurzweil reading machine for the blind introduced by Raymond
Kurzweil in the late 1970's. It consisted of an optical scanner and text
recognition software. It was an epoch-making technological
development for the visually impaired because they were able to have
instant access to regular print materials. One of the most notable
characteristics of the systems is that users can change speaking rate
from 50 wpm to 500 wpm. At first they were mainly introduced to
institutions for the visually impaired including public libraries because



they were too expensive for individual users. However, current systems
are mostly software based, so with scanner and OCR system, it is easy
to construct a reading machine for any computer environment in
reasonable price. In addition, TTS technology was developed to let
blind users to operate computers as well as to read and write texts by
themselves. It is called screen reader software, which is now applied to
many languages including Japanese.

1.3 Starting point of using Kurzweil as a tool of English learning

Ten years ago we had some students who lost their sight at the teenage
years and so they had no access to printed materials or Braille because
they had no Braille reading skills. One of them, a 20-year-old male
student called K, had strong motivation to learn English but he was
irritated due to lack of learning materials. Face-to-face oral lessons
with a teacher were the only opportunities to learn it, but inevitably
the time was limited. We had to seek some self-study environments for
him. Then we noticed that we had a Kurzweil reading machine in our
classroom. It was almost neglected and used only for demonstration for
visitors. However, we found that the voice was a little robotic but clear
enough to understand the text. Moreover, as it was designed for the
blind, the student learned easily how to operate it. This was the
starting point of using Kurzweil as a tool of English learning for the
visually impaired. At first we discussed how to use it because it was a
sophisticate reading machine but not a tape recorder just to listen to
recorded materials. Once it scanned the text, you can choose how to let
the machine read it. There were several options of the reading speed,
and reading modes such as by line, by sentence or by word. Repeating,
going back to the previous sentence and reading through the
paragraph are some of the other options.

For two years we continuously developed new ideas in our special
English course every week. The newly blind student, K practiced
reading, shadowing and dictation with the Kurzweil Reading Machine,
and he also learned English Braille. His reading speed of English
Braille improved from 28.3 wpm to 54.3 wpm although that of
Japanese Braille was improved little from 30.5 wpm to 35.3 wpm.
(Aoki, 1999) It was considered that support of the synthetic speech of



Kurzweil Reading Machine facilitated his English Braille reading
ability. In addition, his overall English ability was also improved
dramatically and he passed STEP 2nd grade (Society for Testing
English Proficiency, one of the most popular English proficiency tests
held in all over Japan), which is higher intermediate level at the end of
the two-year course.

2. Development of original reading support software

2.1 Why was readKON necessary?

We knew that Kurzweil reading machine was useful for blind
learners, but it was not easy to apply other types of students with
visual impairments like low vision students. Then we introduced new
screen reader software, outSPOKEN, English version, for some
personal computers in our classroom. It was designed for blind people
and severe visually impaired people. Users can operate PC as well as
read and write English texts by support of synthetic speech and a
refreshable Braille display. This technology gave opportunities to
improve reading skills for some students whose proficiency levels were
rather high. However, many of our students were poor readers of
English and it was very difficult for them to catch up outSpoken
English because its reading speed was too fast to understand. After
several practical studies of using TTS technology such as new versions
of Kurzweil and outSPOKEN, we realized that the problems stemmed
from the fact that they were designed for English native speakers. They
were too sophisticated for Japanese EFL learners with visual
impairments whose proficiency levels are low. We needed a
tailor-made reading support system for our students. The original
application software, read KON was developed for this reason in 2002.

2.2 Features of readKON

The followings are the original main features of readKON

(1) It is a PC-based reading system developed specifically for ease of
use by visually impaired students and their teachers.

(2) The system assists students with reading fluency, reading



comprehension, and vocabulary development.

(3) This application allows the user to view the line (words, phrases or
a sentence depending on the text) on the computer screen while
listening to the text being read aloud in English synthetic speech. In
other words it provides auditory and visual presentation.

(4) The colors, fonts and sizes of letters on the screen can be
customized according to individual needs. The default setting is 100
point yellow letters on the black background.

(5) It is geared to read one line of the text by reader’s manual keyboard
operation in order to allow him/her to control the reading speed.

(6) It performs by pushing the keys without using a mouse.

(7) It reads any English reading materials in text file.

We tried various practices using readKON for the last several years
and we knew that the biggest problem was the voice quality (Microsoft
Speech SDK). It was understandable but many of our students didn't
like it. In 2006 we introduced a new TTS engine produced by PENTAX,
a Japanese company. The voice quality was good enough to satisfy our
students. Now you can choose any voice you want thanks to new
development of TTS engines in recent years.

2.3 Programs of reading skill-up training by read KON
As readKON is very simple software, it is applicable to various kinds

of reading practices. The following programs were very helpful for
slow readers to improve their reading skills of English.
1) Word recognition test

Automatic word recognition skill is one of the important factors
for good readers. According to Samuels (1979), there are three steps
in developing word - recognition skill. The first step is the
non-accurate stage. The second stage is the accurate stage and the
third stage is the automatic stage. Students at the first stage have
difficulty in recognition of words and cannot read them correctly.
Those at the second stage can read words correctly but slowly. They
often read sentences in word by word. The last group of students who
have reached the third stage read words correctly and instantly with
their speaking speed or faster.

We developed a computer-based word recognition test for the



We developed a computer-based word recognition test for the
visually impaired using readKON. In the test the voice was not used
and the students were told to read the five groups of words as fast as
possible. The groups are consisted of 30 words with different length
from 3-letter words to 7-letter words. The numbers of readable
letters per second (LPS) in each word group were calculated.
Looking at the result of the test conducted by students with visual
impairment, we found some interesting patterns of their LPS.
Compared to the recognition rate of the good readers with those of
our students, there are three types of readers. (Graph 1)

Graph 1
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LV2: low vision student (poor reader)

Analyzing the results, we knew that there are two types of slow
readers among our students. Although the word recognition speed of
some students is nearly half of that of good readers with normal
vision, the patterns of their recognition rates of words with different
groups (3-letter words to 7-letter words) is quite similar to those of
good readers. This means that their levels of automatic word
recognition are rather high and in fact they are slow readers but not
poor readers (LV1). The other group of students is considered to be
typical poor readers (LV2). The data show their word recognition
levels are quite low and they read words in letter-by-letter manner. It
is said that this word recognition test will indicate learners' levels of



automatic word recognition skill i.e. one of the basic abilities of
English.
2) Word recognition training

Although the speech synthesis is not used in the word recognition test,
it is very useful for word recognition training. You can prepare any
kind of word lists for your students. They can see the word on the
screen with the voice. They learn the pronunciation of the words
repeating as many times as they want and then they can also improve
their word recognition skill with several practices. The following is one
of the case studies conducted in our project.

3) Case study: A Struggled Reader

A student M is a 29 -year-old male student who entered the
Acupuncture Course of the College to get a national license for
Acupuncturists of Japan two years ago. He finished the regular high
school course at the age of 18 and had worked for several years.
Therefore he had almost 10-year blank regarding educational
experience. In addition he had a bitter experience in learning English
throughout his educational history.

(English proficiency Level)

M avoided taking the proficiency test when he was the first year
student and frequently missed the English classes. It was difficult to
say the exact level of his English proficiency but it might be true that
his level was almost a novice. He knew some simple words which are
often used in Japanese language environment, but he couldn't read
even simple numbers such as 35 or 210.

The followings are the results of his first word recognition test. The
Graph 2 shows the changes of the recognition rate (LPS) and the
Graph 3 show the accuracy rate, which means how many words he
could read correctly.
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The two graphs show that he is a typical poor reader. The next graph
shows the difference between the LPS- pattern of the good reader and
his one.

Graph 4
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It was clear that he should start a kind of word recognition training.
Several word lists were prepared for the training sessions. He practiced



them on PC using readKON for an hour in each session. At the end of
the session the same word recognition test was performed. We had five
sessions for this training. The Graph 5 shows the result of the changes
of LPS and Graph 6 shows the accuracy rates of each test.
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Compared with the first trial and the fifth one, it is clear that his
recognition speed of words has been improved. However, he still had
difficulty to recognize the longer words such as the 6-letter words and
7-letter words.

Graph 6
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On the other hand, the accuracy rates were steadily improved and
actually he was able to read correctly most of the words and phrases
given for the training sessions.

These results show that this type of word recognition training is



useful for poor readers like M. In fact we observed that his
concentration level was gradually developed during the training and he
looked comfortable and confident. However, in terms of automatic
word recognition skills he was still in the low level.

3) Speech Practice by TTS

Oral presentation of English is a very good task for final assessment
of general English class because the process of oral presentation
includes writing, reading, listening and speaking, i.e. four English skills.
For the last several years the writer, a teacher of general English class,
gave the almost the same tasks to the second year students with visual
impairments. The followings are the details of the task given to the
students. '

1) The title of the speech is "My Hometown''.

2) The script should consist of more than three paragraphs.

3) The length of the script should be around 500 words.

4) The drafts of the script should be submitted and checked at least
three times by the teacher.

5) Speech should be recorded on the audio tape and delivered in the
final class.

Considering the purpose of this report, we should concentrate on the
problems of delivery of our students, i.e. Japanese EFL learners with
visual impairments.

We set the accuracy, the fluency, and the speed as evaluation items for
delivery of their speech. There are some distinct characteristics in their
recorded speech. The first one is the slow speech speed which include
frequent pauses, and lack of English rhythm. Many of them took more
than 10 minutes to finish the speech, and this means their speech speed
is less than 50 wpm (words per minute). The second problem is
inaccurate pronunciation of words, which often hinders listeners to
understand their speech. These problems inevitably lead to lack of
fluency as a whole. We knew that the biggest reason for this is lack of
time for practice reading because they usually spent nearly 80% of
their time in order to complete the final draft. We also realized that
they need much more time for reading practice than sighted students
because their reading materials are printed in Braille or large print.



Some of them use PC using assistive technology for the visually
impaired.

In 2006 the program was revised to improve the situation. We
decided to introduce readKON for practice. It is clear that our students
need some Kind of speech models including bottom-up training of word
pronunciation and improvement of fluency. The reading support
software readKON can offer speech models by TTS anytime. We set
the longer time for practice and also assigned the students the target
time of recorded speech which should be within 5 minutes.

(Results)

In this class various writing tasks were given from the start of the
course, for instance, practices of paragraph writing, writing 50-word
impromptu essays, and 100-word structured essays. The students were
given the oral presentation tasks in the second term. The procedure
was almost the same as the one of the third term mentioned above
though the title was "A Great Person' and the length of the draft was
300 words. However, TTS system was not used for practice reading
and many of the students struggled to finish recording. The data of the
evaluation items of the two recorded speeches, "A Great Person' and
"My Hometown" were compared in each student. Since the data was
too small and the levels of English proficiency and visual impairments
of the students were too much varied for any statistical analysis, the
raw data was shown in the following table.

Table 1 : Results of evaluation and Speech speed

Student | Levels  of | Second | Third | Reading Speech  Speed
visual Term |Term |Speed 2005 |2007
impairment | A F |A F |WPM WPM

A totally blind |3 3 4 4 50 78

B totally blind |3 2 4 4 37 85

C light 1 1 2 2 27 75
perception

D low vision |4 4 5 5§ 60 141

E low vision |2 2 4 3 56 88




F low vision 3 2 4 4 45 101

G low vision 2 1 3 3 62 78

H low vision 1 1 2 2 30 71

I low vision 2 1 3 2 26 47
Notes :

A: Accuracy grade Excellent 5--4--3--2--1 Poor
F: Fluency grade Excellent 5--4--3--2--1 Poor
WPM: words per minute

Every student made some degrees of progress in terms of accuracy
and fluency. The next Graph 7 shows their progress.
Graph 7
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However, we have to look at the student C. He was a non-Braille reader
and usually use PC supported by the Japanese TTS system for his
study. He could read and write Japanese texts very well, but his PC
system was not equipped with English speech engine. Therefore, he
usually read and wrote English text using Japanese TTS engine. In
other words, he was not accustomed well to authentic English
pronunciation. He tried to practice the oral presentation by readKON
but he gave up soon. He could not understand English speech by
readKON because it was completely different from the English sound
he was accustomed to and so he decided to change the speech engine to
Japanese one in his PC again. As a result his performance in his
recorded speech was not improved well compared to the previous




speech.

The next interesting finding was the changes of their speech speed.
All of them could finish their speech within five minutes although we
had expected that it was too difficult for some of the students. However,
comparison of the speech speed between the two recorded speeches was
difficult because the quality of the first speech in some cases was too
poor to be evaluated due to inaccurate pronunciation, frequent pauses
and unclear small voice. Therefore, we looked into the data of the
students' reading speed which was taken two years ago. In fact they
showed that all the students were slow readers whose reading rates
were around S0 wpm or less. The Graph 8 shows the reading speed in
2005 and the speech speed in 2007 of each student. Five of nine
students could doubled their rates(wpm) in their speech and the other
ones also gained the speed more than expected by themselves, because
they used to give up improvement of their reading speed.

Graph 8
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(Discussion)

There were very interesting differences between the two recorded
speeches. Every student made some progress in three evaluation fields,
which indicates TTS system could support the students' performance
effectively. Of course it was very important regarding effective use of
TTS system but it was also expected as it would be. However, we found
more interesting factor in their second speech, that is, changes of their
voice's tone. In the first speech it was low and unclear but in the second



speech it sounded clear and powerful in a confident voice. It was
apparent that accumulation of practice by TTS decreased their anxiety
about speaking or reading in English although they were not willing to
say that they were satisfied with their performance because they
believed that they could have made more progress if they had been
given more time for practice.

3. Development of Vocabulary Size Test (kobaTEST)
3.1 Assessing vocabulary sizes
It is important to assess the students' proficiency levels at the

beginning of the courses. We use one of English proficiency tests
developed for Japanese students. However, we sometimes have to
suspect the results of the test because they seem to be lower than
expected. In most of those cases problems stem from their visual
impairments. Test materials are prepared in ordinary print, large
print or Braille depending on their needs and the time is extended.
Nevertheless, it is difficult for them to complete the test within the
certain time set by the examination administrator. We thought that
simpler and less stressful test is needed to assess their ability. We
wanted to try a vocabulary size test on this purpose. There are
several vocabulary size tests developed for Japanese EFL learners.
However, we found that it is also difficult for low vision students and
blind students to complete the standard print vocabulary size tests
because they usually need a lot of time and stamina.

Therefore, we developed a computer-based vocabulary size test for
the visually impaired. A PC-based voc-size test was named
kobaTEST.

3.2 Features of kobaTEST

The kobaTEST was designed with the same concept of readKON.
The target word appears on the display with the voice of English
speech synthesizer. The 20 words are selected randomly from the
word list in each session. At the bottom of the screen there are three
boxes saying START, I KNOW and I DON'T KNOW in
Japanese.(Picture 1) This means the students are expected to answer



'Yes or No' about their knowledge of the meaning of the target word
using the mouse or the keyboard. It is simple enough to finish each
test within one minute even for low vision students. Information of
each test and the students' response are recorded in the computer.

Picture 1 Display of kobaTEST

We prepared five different levels of word-lists; Level 1 (the lowest
level), Level 2, Level 3, Level 4 and Level 5 based on JACET List of
8000 Basic Words (2003, JACET), which was specifically designed
for Japanese college EFL learners. Each word list consists of 1,000
words.

3.3 What we found - Importance of basic 2000 words-

The data collection of vocabulary sizes of our students using
kobaTEST started in 2002 and the research is now going on. So far
the result showed that visually impaired students with very small
vocabulary size between 1,000 and 2,000 are inevitably slow and poor
readers. The graph shows one of the data collected in 2006 and 2007.
The number of the students was 54. We divided them into four
groups according to their English proficiency levels; the group A is
the highest and the group D is the lowest. Their vocabulary sizes
matches exactly to their proficiency levels. This means that you
might predict students' proficiency levels by looking at the results of
kobaTEST.
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3.4 Applications

You can also apply kobaTEST to various vocabulary-build-up
practices. What you have to do is to make a word list you want to teach
in Excel file and input it. The kobaTEST shows 20 words randomly
selected each time with voice support. Therefore, learners use this
system for practicing pronunciation and spelling. The strongest point
of kobaTEST is the test words are changed whenever you try. In
general printed vocabulary test has only one version, in which the test
words are set in the same order. So if you try to assess your students'
progress in a rather short time period, you can't use it because students
might remember the previous test. In our class students can choose the
appropriate level of the word lists (Level 1 - 5) and learn it
independently using kobaTEST. They try to take the test time to time
when they want to know their progress.

4. Conclusion

In this report we looked back the history of our projects which
aimed developing new teaching methods for Japanese college students
with visual impairments. We focused on TTS systems applied to
various teaching activities. In the early stage we tried to utilize
commercial TTS systems for our students. Through some pilot studies
as well as real classroom situations of EFL we realized that we had to
develop the original application software. ReadKON and kobaTEST
were the two main systems developed in our project. For the last five
years our research has been geared to develop appropriate programs
using these systems.



A lot of valuable findings were extracted in the real classroom
situations where teachers and learners were struggling. In fact TTS
technology has given us completely new learning environment of EFL
learners with visual impairments. Looking at the dramatic changes of
the attitudes of our students, especially poor readers of English, we felt
certain that this kind of systems should be useful to any students with
problems of language learning.

We hope our small practices would provide some useful hints to
language teachers.

(Notes) ~
1. STEP (Society for Testing English Proficiency): a large scale English
proficiency test conducted throughout Japan, mainly in high schools
and other educational institutions. It offers special opportunities for
disabled learners including blind people.

http://stepeiken.org/
2. Kurzweil Technology

http://www.kurzweiltech.com/kesi.html -
3. Speech Synthesis voiceTEXT by PENTAX

http://voice.pentax.co.jp/ (Japanese only)
4. Screen Reader Software: xpNAVO

http://www.knowlec.com/product/navo-catalog.html (Japanese only)
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- JI249 00 TR ANEBEEELTRIT DYIMIz7 TOJSLTT . REEENDY. E=4HF
BHAVE1—E A—H—DFEIRK. RV -2 Y—F—2FERALT, KT avbO—)L KRBV AZa—,
THRM AFEAOBRALGEEEICR RTINS TATORREEEICERD. DFY "HALITE" ZeM
TEEY., ERICE, ROV—2 Y—H—3T 57499 1—Y— 408—Dx4R (GUI) &#4+—F 1%
AUB—TIARIZERLET,

FEERATL - RARBETOTSLELFEN, A—F—[FIVROF—R—FTRAEEHLT
ARRDEERCT —EDANNTEEY ., RARBE AT AT, AvEa—RIEHINI-R1I%E
ALTREL. XFPEFA—I AvE—CREDTHRAMNIBEERMLIZY., 102—RubEERBLIZY,
FIVr—2av A2 a—ERIRTHIENTEEY, FEREAT LR TFAFDANPHERA YA
R#s, SHEEECLERENHIL—F—LFEARLTLET,

EMAR - XF.8F. BLUORK/OETEEISESNSERERITRY. ENoEEELLT "®A
L FF, BELEHR (TTS) LFFENDIAVEL—OBERITEREETYT . ChiF. HorlHTIns
SLEN-XFEBEMAESDOETRELNIRKLEE T, —ARFILHBEALNHYES. REES
HHE1—F—F. BEEAHEFEALTANLE-RBERETHIENTEEY, EFEERIE. OB TIZ
azf—lavhtithil EERESIUFBERENHSL—F—LEALTLET,

JYILYS 1 MEDBIRFTIRATILA - AVEL—FEEICRFRSNADEBERFELTHALES ., 1
DDAF "L [EF—EDOATHEREINTVET, XFORDYIZRAD/E—2 et OSFSF A4
ShENRERENET. VILY aBEDNHIRAFTI AT BBIZHELTNSVAR DTSR T4
YOERIZAZILDELERBNICEELENRSE TRAFOXFEERLEY . 1—F—(HETRFERHS
Y. 1 THA#AHo1=5. BFREYILYVALTROITERAMDIENTEEY

REIVRYY - £RSNE-TXRAMEELTIVRAMIL:-AFEHALET. RFERTDTS
LiZ BEDT—K FOtwvi oy TOGSLTAFv EIRERSN-TRAMERFICERL. T
Ryb EICHALET,

=4 O—k ToeyvdBLUS—Y FYvk O—F Toevy - EEESEEFERALT. AALE
AEQEE I —L/\woERETZYINYIT? TOFSLTT. 5—2 FIvh 7—F Fobyvzs



AT 5L BEEHRETICTRTOBRRERELGXFTRTTHENTEEY, FERENHDAHII.
ChoDFHEBEEZHA=T7—F TO0bvdE2RRICERALT. ARYLTOXEEH-1=Y. XBEE
B 5T BELEEE I —F N\ IEFALTVET,

Assistive Technology
Products compatible with Microsoft® Windows® operating systems, made by
independent assistive technology manufacturers, are included in the assistive

technology catalog. People who have visual difficulties and impairments may be

interested in the following assistive technology:

e Screen enlargers (or screen magnifiers) work like a magnifying glass. They
enlarge a portion of the screen as the user moves the focus—increasing legibility
for some users. Some screen enlargers allow a user to zoom in and out on a
particular area of the screen.

e Screen readers are software programs that present graphics and text as speech.
A screen reader is used to verbalize, or "speak," everything on the screen
including names and descriptions of control buttons, menus, text, and
punctuation.

o Speech recognition systems, also called voice recognition programs, allow people
to give commands and enter data using their voices rather than a mouse or
keyboard.

o Speech synthesizers (often referred to as text-to-speech (TTS) systems) receive
information going to the screen in the form of letters, numbers, and punctuation
marks, and then "speak" it out loud. Using speech synthesizers allows blind
users to review their input as they type.

* Refreshable Braille displays provide tactile output of information represented on
the computer screen. The user reads the Braille letters with his or her fingers,
and then, after a line is read, refreshes the display to read the next line.

e Braille embossers transfer computer generated text into embossed Braille
output. Braille translation programs convert text scanned in or generated via
standard word processing programs into Braille, which can be printed on the
embosser.

¢ Talking word processors are software programs that use speech synthesizers to

provide auditory feedback of what is typed.



e Large-print word processors allow the user to view everything in large text

without added screen enlargement.
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