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Abstract

The primary objective of this research, was to devise methods for commumnicat-
mg highly technical material to blind people, through the medium of Braille
or prosodically enhanced spoken output This solution necessitated devising
strategies to both model the document internally, and to unambiguously pro-

duce the material in the two output media

The first phase in the generation of intelligible output was the transforma-
tion of the IATEX source mto well-formatted and accurate Braille Following
on from this, methodologies were defined to convey the structure and textual
content of documents using prosodic alterations to the synthetic voice We
have devised mechamsms whereby mathematical content can be delivered n
an mtuitive manner, using the sole medium of prosodically enhanced spoken
output This ensures that the histener will not have to learn specific non-speech

auditory sound to gain access to this form of presentation

We have also devised a newer, and more flexible means for representing the
structure and content of the document 1n the computer’s memory This Directed
Graph, 1s a radical departure from the traditional, tree-based approach of the

past, and facilitates rapid and efficient browsing of the document’s hierarchy

This thesis discusses the various aspects of the TechRead system, which
will ultimately provide increased accessibility for blind people to techmcal doc-
uments We demonstrate how the methods used m TechRead differ from those

previously employed to solve this problem
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Chapter 1

Introduction

This chapter 1s mtended to outline the basic 1deas underlymg the design of the
TechRead system It points out the origims and primary aims and considerations
of the research This chapter also gives a brief overview of some of the key
concepts used within the system, mcluding a description of Braille, and an

explanation of the basic notions associated with prosody

1.1 Principal objectives

This work was born out of the frustrations of many blind people i Ireland
who, despiie one of the best overall education systems m the world, could not
gan access to material pertinent to higher mathematics It evolved, if such
things can be said to evolve, from the notion that though Braille 1s 1n essence a
primitive system 1t 18 the one most commonly 1 use by blind people throughout

the world

Since 1ts mvention 1n the middle of the 19th century, Braille has been used
to convey such diverse subjects as music and mathematics to blind people Its
popularity has been manly derived from 1ts simphcity, and 1ts ease of produc-

tion Braille can be easily adapted to render almost anything which 1s available



m printed form Ths 1s shown by the fact that such languages as Japanese are
produced n Braille Instead of attempting to represent each character i Braille
a syllabic character set 1s used Thus the word “Tokyo” would be produced in
two syllabic Braille characters However, there are many disadvantages to this
system Its innate ssmphcity does not lead to easy representation of graphical or
mathematical material The traditional method of representing mathematical
material has been to produce 1t i a linear fashion, akin to any other textual
data Consequently, such materal has proved difficult to read Another disad-
vantage mherent 1n the Braille system 1s that 1s not conducive to the production
of modern typesetting By 1ts very nature (1t 1s, after all a dot-based system)
1t 1s not possible to alter the size of the font in Braille The finger 1s not as
sensitive as the human Eye, and therefore the mcrease 1 the size of the dots
produced would have to be enormous to register By the same argument, 1t
has proved very difficult to incorporate such features as emphasis into Braille
documents In order to overcome some of the deficiencies mn the Braille system
we decided to harness the advances m existing technology such as synthetic

speech

Since the emergence of the personal computer in the last decade, many
companies and research mstitutions have invested countless man-hours and vast
amounts of money into the development and production of both hardware and
software to enable blind people to utihise the full benefits of computers Such

technology includes

Screenreader Software designed to convey anything appearing on screen to

the blind computer user

Braille Translation software Software designed to take files of various mput

formats and to derive Braille output from them

Braille embosser A piece of hardware used primarily by Braille translation
software This 15 simply a Braille printer, which embosses a hard copy of

the Braille generated by the translation software



Refreshable Braille display A piece of hardware consisting of a single line
of Braille cells The cells comprise solenoids, which can be raised or not
to produce the dot patterns required for Braille (See Section 12 for a

description of Braille )

Speech Synthesiser A piece of hardware or software which artificially pro-

duces speech

Nearly all of the effort to date has been directed toward material of a hiter-
ary! nature This, while being an essential development, still rendered material
of a technical or scientific nature almost totally maccessible to those who could

not see 1t

A solution of sorts presented 1itself m the form of obtamning human readers
to record technical material onto audio cassettes However, this apparently
acceptable means of conveying such information has many drawbacks In order
to appreciate these, 1t 1s first necessary to examme how sighted people m general

read

The reading process 1tself 18 an active-passive process, where the sighted
person 18 the active participant while the book they are perusing 1s the passive
partner This process 1s reversed when using audio recordings The only means
the blind person has to become active m the reading process 1s to move forward
or backwards 1n a time-lime That 15, the tape can be advanced or re-wound
by the blind “reader” but no more Instead of being active in the reading
process, the book now becomes the active participant, while the blind person
simply allows the information to flow past them This can be very difficult
when techmical materal 18 bemng read It 18 widely accepted that the use of
human readers m the provision of literary works on tape 1s perfectly acceptable
However, the manner in which people read scientific, or technical documents 1s

vastly different from how novels are read

Yin this thesis, the word “hterary” 1s used to denote documents of a non-technical, or

unscientific nature



When one 1s reading a novel, the book can be read mn a far more superficial
manner than when mathematical material 1s bemng perused For example the
two equations 3(z+y)? and 3(x +y?) are vastly different As can be seen from
a glance, though the same symbols have been used i both cases, the semantic
mterpretation of these equations yields vastly different results A human reader

speaking both these equations would have to say something hke

“3 left paren x plus y right paren squared”

“3 left paren x plus y squared right paren ”

The spoken approximation of these two simple equations 1s quite complex
For example, 1t could be difficult for the blind reader to remember the position-
g of the parentheses, or the quantities contained therem Imagime therefore,
the mathematical expression such as that for finding the roots of a quadratic

=bEVE—44¢ would prove more than a httle diffi-

equation This equation, z =
cult to convey to a blind user using speech To use the same spoken notation

as our previous examples, 1t could be rendered thus

“minus b plus or minus the square root of left paren b squared minus

4ac right paren over 2a”

From this rendering, 1t 1s unclear where the numerator of the fraction starts
or concludes, 1 e the blind reader would be unsure whether the “-b” 1s contained
m the numerator This 18 extremely ambiguous and could lead to extreme
confusion when attempting to solve quadratic functions using this method As
can be seen from these simple examples of spoken mathematics the length of
the utterance 1s not comparable to the length of the equation, as even the least
complex of expressions produce lengthier verbal versions The reason for this

1s that the eye and ear absorb information in vastly different ways

It 18 possible for the eye to rapidly scan over the equation and to distingwsh

the various components of a given equation, while the ear absorbs data mn a serial



fashion Though an equation may appear visually compact, 1t could prove to
be extremely complex to render in an audio format A feature of histening to
spoken text 18 that there are many occasions when only part of the utterance
1s memorised by the listener This 1s not acceptable when dealing with what

may be complex mformation

When listemng to non-technical material, 1t 18 usually enough for only part
of an utterance to be heard, syllabic interpretation and imdeed intuition can
usually be relied upon to fill in the gaps In direct contrast to this, from the
two equations above missmg the words “left paren” could yield entirely the
wrong meaning to the mathematical material When reading normal running
text, 1t 1 possible for the human eye to scan ahead and to rapidly peruse the

document

Syntactically complex information 1s totally different The two sample equa-
tions above serve to 1llustrate this pomnt A simple glance will show that exactly
the same symbols are used i the two expressions, though their position relative
to each other yields vastly different results The reader must examme i detail
what the symbols actually mean, which can mvolve breaking the expressions
mto sub-expressions, until a pomt 1s reached when the underlying meaning of
the material can be deduced When using standard audio recordings this 1s not
possible As was stated earlier the listener can only control the movement of the
tape through a time-lime This does not cater for the perusal of sub-expressions
or for a simple “glance” at an equation, facilities which sighted people can call

upon without a second thought

Coupled with this 1s the notion that blind readers must rely on their memory
extensively As those familiar with mathematics will agree, the permanence of
the 1mage on a page means that the reader 18 not compelled to retain a mental
picture of the data , but can instead devote such faculties to 1ts understanding
When listemng to such mformation, one cannot readily access such a perma-
nent picture As a consequence, most blind people read any scientific or other

techmical mformation using Braille



Any system which attempts to provide access to mathematical material must
take mto account the need to reduce complex information to manageable blocks,
thereby easing the burden of retention We therefore believe that document
browsers must provide a non-linear representation of technical material which
allows the user to choose between detailed examimation, overview mode, or even
skippmg the material altogether TechRead 1s designed to facilitate the non-
Linear representation of complex objects, and also to provide different ”views”

of an object as the user chooses

The primary objectives of TechRead can be summarised as follows

to build an off-screen model of the document reflecting its structure and

content

e to produce mtelligent and well-formatted Braille from IXTEX [Lam85] doc-

uments

e to use the document model to generate prosodically enhanced spoken

output

e to provide an mterface to documents making the reading process easier

To begin with, the TechRead system has been designed with modulanty and
expansion uppermost in mind Accordingly, 1t has been decided to mmplement
the system 1n discrete stages, namely an mput (or pre-processing) stage, and
two different phases to control the output media of the final accessible version
of the document In order to achieve this, 1t was felt that an accurately gener-
ated model, reflecting the document’s structure and content should be derived
Consequently the system will produce a Directed Graph of the document This
graph 1s then used to produce both the Braille and spoken output (For more

information on this internal representation of the document, see Section 3 1)

The phrase “accurate and well-formatted Braille”, as used in the preceding

paragraphs needs some explanation It has been decided to produce the Braille



from the TechRead system 1n accordance with the rules as laid down by the
Braille Authonty of the Umited Kingdom (BAUK) As such, the gumidelines

specified by thus orgamsation will be adhered to in the following areas

Braille signs In terms of textual transcription, the symbols used m both
Britamm and North America are consistent However, the symbols used
for mathematical and scientific transcription differ immensely and have

no similarities in either the dot pattern used, or their conceptual basis

Formatting and Layout The Braille produced by the TechRead system will
be accurately positioned on the page One aspect which will be considered
18 an attempt to improve the readability of mathematics At present, the
typical form of presentation suggests that mathematical material should
be laid down on the page mn the same linear fashion as textual material
This 1s a complete contrast to the approach taken when writing printed
mathematics, where 1t 1s usual to use vertical as well as horizontal align-
ment to denote the relationship between components of formulae We
believe that mcorporating a degree of vertical positionmg in the Braille
transcription of the mathematical material will assist the blind reader to
gam a more rapld view of the mnformation A greater degree of spatial
orientation will be mtroduced to produce as close a replica of the printed

mathematics m Braille as possible

Currently 1t 18 not possible to convey the changes in visual formattimg which
make existing printed documents both attractive and easy to read As a conse-
quence the Braille reader 1s unable to discern whether a passage of text 1s more
mportant than surrounding information or 18 part of the general body of the
document (For a more m depth discussion of this portion of the system, see

Chapter 4)

When using current forms of access technology for the purposes of read-
g, difficulty arises when emphasised or other visually enhanced material 18

encountered Authors use changes 1n the visual attributes of therr documents

7



to convey material which 1n their opimon, 1s more significant or important than
the majority of their work When reading with standard screenreaders using
synthetic speech devices, such altered characteristics are not spoken as the de-
velopers of the screen access software have not harnessed the full capabilities
of the speech synthesisers In essence, the text 1s read m a tedious monotone,
with occasional pausing when simple punctuation 1s encountered in runmng
text As must appear obvious therefore, the content of the document appears
to be of exactly the same 1mportance from the perspective of the blind reader
For example the following two sentences would be read mn exactly the same

fashion

“Throw that ball to me” “Throw that ball to me”

It 1s visually apparent from these two sentences that the importance of the
word “that” 1s different 1n both cases By use of a simple typesetting tech-
mque, the visual appearance, and hence the mmportance of a passage of text 1s
highlhighted Using current screen access technology this would not be appar-
ent to the blind reader TechRead aims to solve this problem by mtroducing
prosodic enhancements mnto the spoken version of the text The addition of
pausing, rate, pitch changes and amplitude variations will enhance the spoken
output, hence 1mproving the quality of the speech for the user It must be said
at this juncture that although these capabilities will exist within the system
to enhance the text, the resulting output will only be as good as the speech
synthesiser will allow Some devices are more flexible and programmable than
others, and contain more commands to modify their output For example, when
a passage of emboldened text 1s found, the speaking voice would alter to reflect
the importance which the author attributes to this portion of text The nature
of the prosodic enhancement would depend entirely upon the material bemng
presented, that 1s, if a section heading were being spoken, though 1t looked the
same as a portion of running text, 1t would of necessity be spoken differently to
convey to the blind user that 1t was a section heading and not an emphasised

passage In running text



The perceived need for a flexible mterface to a document 1s one of the key
features of the TechRead system A prime consideration in the design of such
an mterface 1s the fact that blind people, unlike their sighted colleagues, cannot
“skim” a passage to pick out only those portions of text which the author has
designated as being of more 1mportance than the rest A simple example will
suffice to illustrate this Suppose that a sighted person picks up a newspaper,
and wishes to find the latest football results The first thing the reader wall
do 18 to turn to the relevant section of the publication Then, they can simply
“gcan” the page until the headline 1s found Headlines are easily distinguishable
from the majority of text m newspapers by the fact that they are typeset mn a
larger, emboldened font, causing them to stand out from the surrounding text
Blind people, as things currently stand do not possess this facility All text
m a newspaper would be spoken m the same monotonous voice, thus causing
them to resemble, rather than contrast with the text of the articles they are

describing TechRead aims to make this process easier

The mtention 1s to examie the mark-up of a document in order to deter-
mine the structure and formatting attributes associated with the content An
mterface can be constructed to enable the blind reader to rapidly, easily and
flexibly navigate through the structure of the document For example, the user
could go from section to section until the correct one was reached Omnce this
has been achieved, the section could be expanded to obtain the names of all
sub-sectional umts contained with the section, and when the required one was

chosen, the text could be read

The interface to the TechRead system 18 based primarily upon the numeric
keypad of a standard IBM compatible computer In accordance with trends mn
the design of current access technology, this aspect of the system 1s developed
with the primary mtention of making the learning curve as shallow as possi-
ble Many developers i the past associated keyboard commands with concepts
which, though logical m theory, proved mtrinsically difficult for users to grasp

Recently, the notion of locating the command-set 1 one particular area of the



keyboard has assisted in making the product far easier to use There are also
advantages to this approach which extend outside the realms of the blind user
Though the system 1s designed with such users primarily i mind, there are no
reasons why TechRead could not be used by others for whom reading techmical
material 18 a problem Consequently, for people with limited mobility, the use
of an mterface which can be operated with only one hand (or one finger) could

render the system not only accessible but most useful

1.2 Braille: origins and overview

Until recently, the only means of reading and writing for blind people was
through the medium of Braille, a system based on six raised dots Latterly,
through the emergence of such media as audio tape and mcreased access to
computerised material, Braille has faded somewhat and the emphasis has moved
away from 1ts mstruction, but 1t 1s still the most widely used form of literary

communication for the blind

Braille was devised by Lows Braille He was born m 1809 i Coupvray, a
small town near Paris The son of the local harness maker, his blindness was
directly attributable to lis father’s profession, as he severely imjured one of his
eyes while playing with an awl Later, infection set 1n and as a consequence total
blindness ensued At the age of 10, he left home to attend the Royal Institution
for Blind Youth in Paris, having received a scholarship to do so Here, most of
the education was oral, though a primitive form of embossed writing was used
This consisted of each mdividual letter being shaped mn copper wire, which was
then embedded in the backs of sheets of paper by a specially designed press,
thus making 1t 1impossible for blind pupils to reproduce such a writing scheme

themselves

What 1s not commonly known, 1s that Lows Braille did not actually mvent
the system which now bears lis name Rather 1t evolved from a method of

writing devised for the army Captain Charles Barbier de la Serre had mvented

10



a means which, he believed would aid soldiers to pass messages along trenches
quetly at mght This system, known as “sonography” or “mght-writmg” was
a clumsy twelve dot system, i which the dots could be combined to form dot
patterns reflecting the sounds of the words, rather than the spelling However,
as the systemn was credibly complex and was not easily understood by the
soldiers, 1t was rejected by the army Lows Braille, studied this method of
reading and writing and soon realised the imphcations for blind people He
spent the next several years simphfying the twelve dot cell to the six dot version

now m common usage, until i 1827 the first Braille book was published

A Braille character or “cell” consists of six dot positions arranged m a
rectangle comprising three rows and two columns The dots at any of these
positions can be either raised or not, thus giving 2% total possible patterns For
ease of reference, the dots are umversally numbered 1-3 (from top to bottom

on the left) and 4-6 (from top to bottom on the right)

As can be observed, the hmitations on the number of possible combina-
tions by 1its very nature imples that Braille 1s highly context dependent For
example, let us assume that the dots 1, 3 and 4 were raised (1e the top and
bottom dots of the lefthand column, and the top of the righthand one) This, 1n
accordance with the original assignments of Lows Braille would be interpreted
by a reader of English language material as the letter “m”, whereas 1f the text
were m Greek, the same pattern of dots would represent the symbol “u” It
18 1mportant to pomt out, that 1t 18 not considered relevant that the Braille
symbol be similar 1 shape to 1ts printed equivalent Instead, the arrangement
of the dots follows a specific arrangement, the logic of which can be seen from

Appendix A

The 64 possible Braille characters are msufficient to cater for the myriad
print characters and their variants To surmount this, a shorthand, or “con-
tracted” form of the Braille system was devised The notion of using a sigle
Braille symbol to denote multi-character sequences 1s the essence of this con-

tracted Braille There were several varied reasons why this form of representa-
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tion was thought to be necessary Firstly, the mtroduction of a single symbol to
indicate a multi-character sequence would assist 1n reducing the reading-time of
documents Since the finger cannot scan as rapidly over the material as the eye,
the time taken to read a page of Braille 1s slower than to peruse the compara-
ble amount of material m print Also, the use of short-hand representations of
commonly used words and character sequences ensures that the size of Braille
books 1s reduced Unlike the printed representation, the Braille page can only
accommodate between 25 and 28 lines, each comprising 42 characters, yielding
a maximum of 1176 characters This compares with the printed page, which
can contam up to 3500 characters, on paper which 1s smaller than that used
for Braille Also, the fact that Braille must occupy three dimensions (that 1s,
the dots themselves add height to each page) the Braille output 1s bulkier than
the printed equivalnt Indeed, the paper 1tself adds its own extra thickness to
documents, as m order to hold the dots, 1t must be card-lke paper? As a
consequence of this extra thickness, the Braille version of a book can occupy
many volumes For example, a printed desk-dictionary could occupy an entire

book-case when reproduced in Braille

The shorthand version of a word 1s most often achieved by using various

Braille characters as *

‘prefix” characters, which change the meamng of subse-
quent cells For example, a specific character, when placed prior to the letters
“a~)” transforms therr meaning mto the Arabic numbers “0-9” Other forms of
shorthand are used m this system, which 1s also known as “Grade II” Braille
Thus a single character 1s used to represent the defimte article, while combina-
tions of characters are used to provide a means to compactly express common
letter groupmgs Unlike print fonts, the Braille cell has a umiform height and
width, meaning that such visual formatting as mcreased font size 18 unavailable
to the Braille transcriber Also, such textual enhancement as emphasis must be
conveyed to the Braille reader via similar indicators to those described above

for the production of digits The use of centering i Braille 18 commonplace,

and 1s applied 1n much the same manner and for the same reasons as 1n printed

*typically, paper of between 110G-130G 1n weight 1s used
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material

The discussion until this pomnt has been concerned with the representation
of natural languages in Braille However, other systems also have their Braille
equivalents Among these are mmcluded Mathematics, music, scientific notation
and chess The key to these Braille systems 1s an association between the
same 64 Braille characters, (or sequences thereof) and the symbols and other
notational elements of iterest However, 1t should be emphasised that a/ll of
these systems reproduce the same linear-based Braille, thus making reading and
writing of complex mathematical or technical material both time-consuming

and difficult

1.3 What is prosody

The prosodic component of speech 1s that set of features which lasts longer
than a sigle speech sound The term prosody can be traced back to ancient
Greek where 1t was used to “refer to features of speech which were not mdicated
m orthography, specifically to the tone or melodic accent which characterised
full words n ancient Greek” [CK86] When the tonal umts of ancient Greek
disappeared, the use of prosody narrowed to refer to stress distinctions By the
15th century 1t became known as versification, one of 1ts primary denotations
today As the mfluence of the classical languages waned so also did the emphasis
shift from a metric to a melodic view of prosody, though some scholars believed
that the English language had no melody However, the term melodic prosody
remammed almost forgotten until the 1940s, when 1t was revived as an approach
to the study of hngwstic analysis Prosody 1s therefore defined as “ those
auditory components of an utterance which remain, once segmental as well as
non-lmguistic as well as paralinguistic vocal effects have been removed” or “sets
of mutually defiming phonological features which have an essentially variable
relationship to the words selected” [CK86] Therefore, 1t may be said that

prosody contains the following aspects of speech
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Loudness

Duration

e Pitch

Pausing

Acoustically, speech can be decomposed nto three primary components,
frequency, amphtude and time “Frequency 1s the term used to describe the
vibration of air molecules caused by a vibrating object, = which are set in
motion by an egressive flow of air during phonatation ” [CK86] The umt of
measure used 1 the frequency domamn 1s the Hertz (Hz) Speech 1s not as
simple as other acoustic sounds, as 1t can contamn many elements vibrating
at different frequencies The frequency of repetition of the complex pattern
15 referred to as the fundamental frequency, and 1t 18 this frequency which 1s
primarily responsible for the perception of pitch All other frequencies in any
pattern are typically whole mteger multiples of the fundamental frequency, and

are known as the second, third, etc harmonics

Amplitude, (measured 1 decibels) 1s the acoustic component which gives
the perception of loudness A common defimition 1s “the maximal displacement
of a particle from 1ts place of rest” [CK86] The duration of a signal 1s the
third component i the acoustic view This 1s simply the measurement, along
the time-lime of the speech signal If one considers the prosodic component
of speech, then 1t can be reduced to a series of frequencies, a succession of
imtensity levels and a sequence of durations It 1s these components which yield
our understanding of pitch modulation, relative loudness and/or the relative

duration of syllables, words or phrases

The notion of the syllable 1s mtrinsic to the understanding of prosody, how-
ever 1t 1s easier to state what the syllable 1s not, rather than what 1t 1s Native
speakers of a language can always agree on the number of syllables any word

contamns, although non-native speakers can often be confused For the pur-
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poses of this discussion, a syllable 1s defined (unscientifically) as a small umt

mto which the sounds of words are decomposed

The use of stress 1s a key prosodic feature of the Enghsh language What
18 percerved to be stress, 1s the mcreased promimence which 1s often added to
a word or syllable This mncreased prommence seems to confer a degree of
emphasis on the utterance, and 1s akin to the addition of visual emphasis i the
written material Stress has been given a number of different defimtions Some
defimtions relate stress to the force with which a speaker utters certain syllables,
thereby relating 1t to a greater articulatory effort Other defimtions equate the
addition of stress to the perceptible loudness observed by the listener, “loudness

bemng a perceptual dimension” [CK86]

There are two basic acoustic characteristics associated with loudness Firstly,
1t 1s dependent on an increased amphtude, signifying that more energy reaches
the ear per umit of time Coupled with this 1s the increase m the rate of vi-
bration of the vocal folds, implyng that more pulses reach the ear per umt of
time “In English at least, duration and pitch are also involved 1n perception
of prominence” [CK86] There are at least three primary acoustic cues asso-
clated with a stressed syllable Higher intensity, greater duration and mgher
fundamental frequency are all perceptible However, these characteristics are
also used for other purposes such as to convey emotions Moreover, the primary
factors associated with stress are conditioned by the presence of surrounding
consonants, the position of the stressed syllable in the phrase or sentence, and
the rate of speech Consequently, stress cannot be 1dentified acoustically in an

unequivocal manner 1t must be judged relative to the context

If at least two, or possibly three primary components of stress can be 1den-
tified, the question which arises 1s the means of their iteraction, thereby pro-
ducing the auditory impression of stress It 1s believed in some quarters that
mtensity plays no part in the perception of stress However, an alternative view
1s that 1t “ 18 at least sufficient to cue a stress judgement although it may

not be necessary” [CK86] The difference in stress between the two syllables of
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snsult 13 based 1 part on a perceived difference 1n the syllable length Kuhlen
tells us that this perception can be expressed 1n musical terms, using the group-
g of a quaver followed by a dotted-crotchet to represent the two syllables of
the verb inSULT However, there 1s no equvalent difference 1 length between
the two syllables of the corresponding noun INsult, which can be expressed as
two crotchet beats Kuhlen states that “what seems to be more important 1s
a distinctive rhythm pattern” [CK86, p22] Distinctive pitch patterns are also
observable 1 stress To re-visit the example of snsult, when the word 1s used
as a noun, two differing static pitches can often be heard On the first syllable,
a higher pitch 18 used, descending to a lower frequency for the second In 1its
verbal usage, the first syllable 1s often observed to have a static pitch, after

which a ghding pattern can be seen which descends gently

It would be wrong to assume that only pitch height 1s responsible for stress
perception It has been shown that a sudden step downward 1n pitch also assists
m 1ts recogmtion Kuhlen says that Bollinger was convinced that pitch obtru-
sion was “a rapid and relatively wide departure from a smooth or undulating
contour”, which 1s responsible for the perception of prominence [CK86, p24]
However, experunentation has shown that there 1s an observable lierarchy to
the contributors to the perception of stress in English fundamental frequency,
duration, mtensity The fact that stress 1s still perceptible when fundamental
frequency 1s absent (1e 1n a whispered conversation) would seem to confirm

that other mechamsms are i operation

An important feature in the understanding of stress 1s an exammation of the
principles which determine the location of stress in the utterance One of the
oldest theories of stress location 1s provided by Jones (1918) Couper-Kuhlen
cites Jones as saying “as a general rule it may be said that the relative stress
of the words m a sequence depends on their relative importance The more
mmportant a word 1s, the stronger 1t 18 stressed” [CK86, p35] Other theories
however, associated importance with word categories Omne theory states that

content words (such as nouns, main verbs, adjectives and pronouns) carry the
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major semantic weight of the sentence, while function words (such as auxil-
1ary verbs, prepositions and adverbs) do not This results in the former bemng
stressed and the latter not However the principle of associating the stress of
the utterance with word categories alone, cannot account for the location of all
rhythmic stress beats i an Enghsh utterance Aspects of the rhythm, related
to those of tempo, imteract with the word-category membership to determine
the location of the stresses within an utterance [CK86, p37] This 1s a very com-
plex and difficult area of prosody, and TechRead\does not attempt to tackle 1t,
but leaves stress placement to the synthesis device (For an account of stress

placement and prosody n speech synthesis, see [Mon91, Mon93, Mon99})

Stresses alternate regularly in English utterances Consequently, people will
adjust the stress patterns which they impose on their speech to reflect this For
example, 1f a sequence of three monosyllabic stresses occur 1 an utterance,
then the middle stress will be reduced [Mon90] The rhythmic primcipal of
alteration however, 1s intimately connected with considerations of speech tempo
Therefore, several stressed syllables can be articulated successively, through the
mtroduction of pseudo-pausing, or through the lengthemng of some syllables
By contrast, stress beats need not be added 1n a sequence of unstressed syllables

if the rate of delivery 1s appropriately fast

Another aspect of the location of stresses 1s the speakers’ own wish to utilise
them to add alternate semantic meanings to what they are saymmg There are
several possible, though equally correct stress patterns permissible in certam
English utterances However, the emphasis of one particular portion over an-
other 1s used to convey to the listener that the speaker wishes to 1mpart greater
mmportance to that particular portion of the utterance TechRead uses this fact

to convey visual emphasis in document formatting (see Chapter 5)

One of the sigmficant features of speech (used extensively in TechRead) 1s
the rhythmic component There are two contrasting views of what rhythm
actually means One view states that rhythm 1s the reoccurrence of an event at

regular intervals of time, while another states that rhythm comprises a pattern
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of events related to one another m terms of salience The former 1s known as

the temporal view of rhythm, while the latter 1s a non-temporal view

In the temporal view of rhythm, the burst of gunfire from an automatic
weapon, or the regular dripping of a water tap are rhythmic, as they constitute a
reoccurrence of the same or a similar event at equal intervals in time Supporters
of the non-temporal approach to rhythm would, on the other hand deny that the
sound of water dripping or a burst of automatic gunfire 1s imherently rhythmic
[CK86, p52] Rather they claim that rhythm 1s perceived m the mind They
state that rhythm 1s perceived as an amalgum of sensory perceptions, rather
than as a set of unrelated events This view of rhythm groups events according
to salience, some having greater prominence than others In this less strictly
temporal view, speech 1s said to demonstrate various types of rhythm, rhythm

based on duration bemg just one form [CK86]

Patterns can also arise, in which other aspects of the audio spectrum can
play a role The basic umt of rhythm used in Enghsh speech 1s the foot Aber-
crombie defined a foot as “the space n time from the incidence of one stress
pulse up to, but not mcluding, the next stress pulse” [CK86, pb5] An example
which 1llustrates the use of feet, 1s the first line from the well known nursery
rhyme which states “This 1s the house that Jack built” There are four stresses
n this utterance, and hence four feet The decomposition of this utterance mnto
stressed and unstressed syllables yields the pattern “THIS 1s the HOUSE that
JACK BUILT” As can be seen, the feet are different lengths, the first foot
comprising three syllables, (“THIS 1s the”), while the third merely consists of
the monosyllabic “JACK” Observation of the utterance, will also reveal that
(with the exception of the penultimate foot) stressed syllables are followed by
unstressed ones This causes a rhythmical pattern to emerge, and mdeed if
we consider the only mstance where two stressed syllables follow one another,
there 1s a shght pause between them, to mamtamn the rhythm pattern of the

utterance
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loudness, rhythmicality and pausimng This leads to a discussion of intonation

1n 1ts broadest setting

In the prosodic model used in the TechRead system, mtonational features
are used to convey structural and visual aspects of any document The TechRead
model 1s based on the phonetic model developed by Ladd and Monaghan
[LA87, MR91] and the phonological model outhned m [Mon91] For further

discussion of the role of prosody 1n conveyng mformation, see [Lad96, CK86]

1.4 Summary

This chapter has described the principle concepts and objectives of the TechRead
system The fundamental concepts on which the research 1s based were mtro-
duced, followed by an 1llustration of the Braille character encoding The chapter

concluded with a description of the fundamentals of prosody

The remainder of this document‘builds on what has been begun here Chap-
ter 2 gives some mfo(rmatxon pertinent to previous research m the area of ac-
cessibility for the blind to technical documents, while Chapter 3 begins the
discussion of TechRead 1itself by defining both the iternal model and human
mterface for the system Chapters 4 and 5 describe the two output media used
m the system, discussing the methods whereby meaningful output 1s obtained
for each Chapter 6 outlines the implementation of the system, and the means
employed to evaluate the prosodic component of the mathematical output The
description of the research 1s brought to a close in Chapter 7 by some concluding

remarks, and a brief discussion on the future prospects for the system
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Chapter 2

Literature review

This chapter gives an overview of both current and previous research on which
the TechRead system 1s based It outlines the underlying concepts on which
previous systems have been designed, and ntroduces other 1deas which will aid
m the understandmg of the subsequent chapters It 1s not mtended as a com-
plete reference on the means of producing more accessible technical documents,

rather 1t 1s hoped that 1t will give useful background information

The chapter begins with a description of the mechanical actions needed
to peruse documents from both the audio and visual perspectives Following
from tlis, a description of the more traditional models used to encapsulate the
document’s content and structural information 1s presented Included i this
Section 18 a discussion of the model used m ASTER [Ram94] which was among
the first attempts to solve the problems relating to the accessibility of technical
documents to blind people From this pomnt the chapter discusses the means
used 1n various systems to allow the user to browse techmcal documents using
audio presentations, and concludes with the means employed by these systems

to actually present the various types of content to the blind users
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2.1 How do we read?

One of the key decisions which must be made when considering the design
of a “document browser” 1s the means of presenting the iformation to the
target user In order to 1mplement this ideal, the notion of what information to
present needs to be decided on first, followed by how to present this material
It 1s therefore important to understand the reading process, m order to fulfill
the dual purpose of determiming both what and how to present the relevant

mformation to the user

2.1.1 Audio or visual reading

A good startmg pomnt for the discussion on the methods of reading is the sum-
Hlanties and differences between visual and audio based reading It 1s these
differences which will form the core of the design of both the interface, and the
means of presenting the spoken and Braille output which forms the core of the

TechRead system

A key feature which 1s present m the visual reading process 18 the role of
the printed page This medium affords the reader not only the facility to act
as an external memory, but also facilitates a highly refined control over the
flow of information In his Ph D thesis, Stevens states that Raynor [RP89]

4

describes reading as the ability to extract visual information from the page

and comprehend the meaning of the text’ [RP89, p23] Stevens [Ste96, ch2] also

tells us that reading can be divided into three main domains
1 The mput of information from a physical, external source, into the reader’s
memory via the visual system,

2 The recognition of words and their integration mnto higher level structures

such as sentences,
3 The process of understanding what has been read
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It would appear that there exists a pomt at which the process of hstening
and reading converge This would seem to indicate that, once the information
has been absorbed by the reader, 1t 1s both syntactically and semantically de-
composed 1 the same manner, though the processes of actually retaining the
material are quite different depending on which means the reader uses to read
It would appear that many readers hear a voice mside their head whilst reading
Thus voice articulates what 1s being read, giving the reader both a phonological
and sub-localised impression of the document It 18 the former impression which
18 of paramount 1mportance to the TechRead system, and hence the discussion

in the subsequent paragraphs will focus on this aspect

Stevens [Ste96] defines the phonological code as “the auditory mmage kept
m working memory during reading” It can be said that the written text 1s
converted to this phonological code, which contains all the features of natural
speech, such as pitch, rhythm etc The notion of nner speech 1s quite specula-
tive, but Rayner states that “Some proponents of inner speech have argued that
reading 1s hittle more than speech made visible” [RP89, p190] The above ap-
pears to suggest that the visual component of reading 1s converted to an audio
version, seeming to suggest a pomt where the two converge After this pomnt,
the comprehension of the information should be the same It 1s clear that the
only differences i the reading process are the mechamical means of obtaining

the information

One aspect m which listeming and reading differ significantly 1s the role
of paper as an external memory The manner m which the eye can relate
to this external memory 18 a very powerful tool to aid mm the retention and
comprehension of written mformation It can rapidly scan over the printed
words, and by virtue of the juxtaposition of characters or symbols on the printed
page, semantically mterpret those symbols to produce the underlying meaning
Once the information 18 lost from the short term memory, 1t can be easily

refreshed by the rapid movements of the eye

There are a number of steps involved 1 the visual reading of a document A
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skilled reader will normally read at a rate of 250-300 words per mmute The eye
does not actually start at the top of a page and continue in a lmear fashion until
the end of the material 1s reached, rather the reading process consists of several
distinct movements Stevens tells us that there are a number of tasks which the
eye performs 1n order to gamn mnformational mput The reading process can be

broken down mnto a series of sacades (jumps) and fixations He tells us that

“The saccades move the pomt of fixation in accordance with
how much mformation has been or can be apprehended Forty mne
percent of reading tume 1s taken up with fixations The rest of the
time 15 taken up with the selection of which portion of the text to

next fixate and the move to that location ”

[Ste96]

Rayner[RP89] pomnts out that as the informational density increases, the
eye needs a series of regression steps to absorb the material Thus (as with
spoken mput) shorter, more commonly used words are not fixated, but are
comprehended The following 1s an extract from Stevens thesis, and consists
of a table produced by Rayner [RP89] which shows the decrease in the reading
rate when mformationally dense, or complex material 1s found As can be seen,
the reading rate slows as the more complex (difficult) mathematical information

18 encountered

It 18 the absence of this external memory that 1s so different when the m-
formation 1s being read usmng audio The facility of the paper as an external
memory source 1S not present, and as the speech signal 1s transitory, the lis-
tener cannot easily recapitulate over already read material Further, a vastly
mcreased load 1s placed on the short term memory, thereby detracting from the

ability to comprehend the material which could otherwise be easily understood

An mmportant distinction which must be made between reading and histening

1s the method by which the imformation is assimilated by the reader When
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recording through tine In order to locate a specific passage both time and

mtense effort must be employed to locate 1t

Some orgamsations who record techmical matenal specifically for use by
blind people have mtroduced the techmque of recording tones at various key
pomnts within the document This “tone mmdexing” mvolves the use of three
tones to denote the start of a new chapter, two to denote the beginning of a
sectional umt within that chapter, and one to mdicate the transitions between
pages These tones are audible on cassette players which have a “cue” or “re-
view” facility Though this enhancement 1s effective 11 speeding up the location
process, 1t does not enhance the control the lhistener has over this essentially

crude form of audio presentation

Consequently, though the experienced blind user can hsten to a speech syn-
thesiser at up to 400 words per minute, this must compare with a speed reader,
who can peruse material at thousands of words per minute It 1s this lack of
close control over the mformation flow winch reverses the normal active/passive
nature of reading As was stated previously, the temporal nature of the speech
signal means that the information flows past the passive reader, which 1s m

direct contrast to the visual process

The absence of the external memory (paper) also imphes that an increased
mental work load 18 mvolved 1n the retention and comprehension of audio-based
mathematical information Whereas the reader can use the printed page as the
external memory and an aid to retention, the listener has only their memory
of the spoken utterance, thus making the comprehension of syntactically rich

data extremely difficult

Much of the imvestigation mnto the intelligibility of synthetic speech has
been carried out using lsts of single words, separated by pauses [Wat87] It
was demonstrated that when the length of the pause was reduced, the retention
was degraded far below that of natural speech Waterworth conjectures that

the reason for this 1s that listeners are exlibiting a recency or primacy effect
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[Wat87] It 1s mferred that the lListener’s working memory 1s concerned with
either analysing and mterpreting the acoustic mput, or rehearsing material
which 1s already present Coupled with this, Pisom: [RPL*91] has shown that
the comprehension of synthetic speech depends on the quality of the system,
and varies over a wide range, from 95 5% m the case of natural speech, to 75%
when poor quality synthetic speech was m use It can be further inferred that

the mtellgibihity of spoken output 1s determined by

e whether the spoken output 1s synthetic or natural
e the quality of synthetic speech

e the level of prosody contained 1n the spoken utterance

Stevens [Ste96] mnforms us that Smither [Smi193] conducted an experiment nto
the mcreased load synthetic speech placed on short-term memory He tested
young and old adults using both natural and synthetically generated speech
His results shows that older adults performed worse than younger, while both
groups faired worse when using the synthetically generated spoken output A
major factor in the understanding of synthetic speech 1s the fatigue effect which
18 primarily brought about by the monotonous quality of synthetic speech Over
long periods of tume, or m the course of lengthier, more syntactically complex
utterances, the comprehension of the material bemng heard can decrease as the
listener becomes either tired or bored with the vocal presentation It has been
found that the mtroduction of prosodic cues mto spoken output has mcreased
mtelhgibihity sigmficantly One possible reason for this 1s the relieving effect
that the inclusion of prosodic features, such as alterations mn the pitch range,
and changes m the rate introduce a rhythm more akm to natural speech, hence

reheving the tedium of the monotonous voice

This fact has major implications for the presentation of syntactically com-
plex material such as mathematical equations Two sets of rules are known

to exist for the production of spoken mathematics The first 1s provided by
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structure of documents As the fundamental aim of the TechRead system 1s
to extract the structure and content of a document using a mark-up based ap-
proach, 1t 1s this particular area which will form the basis for the rest of this

discussion

2.2.1 Extracting structure from mark-up

Such languages as WTEX [Lam85] and SGML[MJ95] (Standard Generalised Mark-
up Language) use a form of mark-up to represent documents 1 a manner inde-
pendent to their layout The mtention 1s to leave the author free to concentrate
primarily on the content, whle also encapsulating the structural and visual at-
tributes 1mn a means which 1s mtuitive Moreover, the notion of Document Type
Definatrons (DTD) has evolved [MJ95] Here, a document template 1s defined,
which encapsulates different classes of documents For example, the majority of
information written for publication on the Internet 1s written i HTML, which

15 a DTD of SGML

The advantage of using languages such as SGML 1s that multiple applications
can access the same documents, and more relevantly for the TechRead system,
multiple views of the same data are not only possible, but extremely practical
For example, 1t 1s possible to view the SGML document m a WYSIWYG (“What
You See Is What You Get”) form, which performs some analysis on the SGML
to produce visual rendering of the mark-up Alternatively, 1t 1s feasible to view

the SGML source using a standard text editor to display the actual mark-up

A sigmficant amount of work has been carried out on editors which are
sensitive to the structLure of documents Indeed, 1t 18 common practice that
mtegrated development environments for programming (such as the Visual
C++[Kru97] environment) uses both colour and mdentation to reflect different
attributes of programming languages This method of displaymng data has been
extended to documents, to enable their structures to be displayed m a more

user-oriented manner

29



Typically, a tree based architecture 1s used to encapsulate the logical struc-
ture of documents Using this type of structure, the hierarchical content of
documents can be modeled both accurately and unambiguously Using this
form of representation, 1t 18 possible to replicate the notion of the hierarchical
nature of sectional units If we assume that the root node of the tree 1s the
topmost level of the document (1 e titular mformation etc), then the highest
level sectional umits can be located below this, while each subsectional umt can
form the remainder of the branches of the tree, until the lowest level leaf nodes

are defined

As the complexity of documents increases, 1t 1s becoming increasingly ob-
vious that the nature of the constructs needed to contan both their structure
and content need to alter to reflect thuis Whereas a plain ASCII document can
be modeled using a standard tree-based structure consisting of homogeneous
sub-trees, a ighly techmical document produced by IXTEXneeds more complex
heterogeneous structural components For example, obvious distinctions exist
between the textual content found i I¥TEXdocuments, and the mathematical

content also found theremn

One such difference 1s that the textual content consists of purely horizontally
juxtaposed characters which can be grouped together to form words, each of
which are dehmited by white space Mathematical expressions on the other
hand, utilise vertical positioning, coupled with the horizontal juxtaposition of

the symbols to give an underlying semantic meaning

Consequently, two (at least) different structures are needed to store this
vastly different content, while each individual sub-structure must 1tself be ca-
pable of bemmg contained within the overall superstructure of the model The
former, (used to store the textual content) need only be capable of linking 1tems
i a horizontal manner, and contain data elements capable of storing the font
attributes necessary to convey the enhancements which authors ascribe to mndi-
cate such aspects as emphasis The mathematical structure, on the other hand,

needs to be an entirely different structural component It must be capable of
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not only representing the horizontal juxtaposition of symbols, but also their

vertical location relative to one another

Though the hierarchy of the document and all textual elements are contained
m a tree based architecture, 1t 1s essential that the capability for the inclusion
of alternative structures (such as linked lists) be present within any system
Some work has been carried out on the transformation of documents prepared
using one system of mark-up, mto another such language Two approaches are
commonly used to achieve this goal The first method mvolves the recogmtion
of the high level structures in the form of an abstract syntax, followed by the
conversion of this abstract syntax to any desired concrete syntax Alternatively,
1t has been traditional to produce an output form, which comprises the least

common denominator of the various mput sources, and to then exchange this

2.2.2 The document model used in ASTER

One of the most important attempts to produce accessible technical documents
to date 1s the ASTER system [Ram94] ASTER (Audio System for Technical
Reading) aims to produce accurate renderings of documents marked up 1n the
TEX[Knu84| family of languages Unlke the TechRead system, 1t uses both

spoken and non-speech audio to assist m this process

The portion of the ASTER system responsible for extracting the high-level
document structures can cater for varymg degrees of mark-up, from the plamn
ASCII file to the ighly complex and technical ¥TEXdocument The essence of
the document model used in ASTER 1s the attributed tree In this model,
each hierarchical level 1s modeled as a node m the tree, where each node can have
content, children and attributes In Chapter 2 of the description of ASTER,
[Ram94] the discussion on the extraction of lugh-level structures uses the “ar-
ticle” document class found 1n IATEX, and so the description of the extraction

process used here will also focus on this area

The discussion begins with the description of the class article, which has
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attributes such as title, author, abstract and date The children of this object
are the various sectional umts of the document, while the prologue of the object
consists of any text which occurs before the beginning of the first sectional umt
The model described 1n the context of the article class, can be extended to cope
with the other classes of document found m IXTEX, such as report or book The
leaves of this model comprise the actual content As in the TechRead system
(see Section 3 1), ASTER differentiates between the textual and mathematical
content of a document, the former being represented by a set of ordered textual
objects, while the latter 1s modeled using the InlineMath object Each node 1s
linked to both 1ts parent and siblings Some of the objects found mn this model

arel

sectional unit This object type has attributes consisting of title, Section num-
ber and sectional name This sectional name could be section, subsection
etc The children of this node are the subsectional unmts, while the pro-
logue contains a hst of document objects contaimning the text found before

the first subsectional umt

paragraph This object has no attributes, and no children Its content 1s the

List of document objects

word The attributes of this object type are the footnote markers (if any), and
has no children The contents are made up of the string, which 1s the

actual word

lists The enumerated and bulleted lists are sub-types of tlus generic class
There are no attributes, and the chuldren consist of the 1tems of the list

There are no contents

item The attributes of this object are the item number or type of bullet etc
There are naturally no cluldren, and the contents of this node 1s a hist of

document objects

'These definitions are extracted and paraphrased from chapter 2 of Raman’s Thesis

32



tables The attributes of tlus object are the footnote markers (if any) and
captions There are no children, and the contents consist of the tabular

contents, modeled as a doubly linked hst

text block The font information forms the attributes of this object type
There are no children and the contents consist of a list of document ob-

Jects

math equation This object 1s a numbered mathematical equation, whose at-
tributes are made up of the equation number and other cross-reference

tags The content 1s a MathObject, and there are no children

A Quasi-Prefix notation has been devised to hold both the content and
structure of mathematical formulae [Ram94] This notation 1s based on the
prefix form of mathematical formulae, but 1s extended to cater for such aspects
of mathematics as superscripts and subscripts A tree-like representation 1s used
to store the quasi-prefix notation, m which the operator with highest precedence
would form the root node , while those operands to which this base-line operator

apply would be 1ts children

Using this model, the simple equation 3z — 5 = 5 18 represented with the =
forming the root node of the tree The right-hand branch would simply contain
the 5, as this 1s one of the operands to which the = refers The left-hand side
18 shightly more complex, consisting as 1t does of an extra level Below the =
on the left branch 1s to be found the — operator The leaf nodes of this portion
of the tree consist of the two operands 3z and 5 respectively Raman defines
the quasi prefix notation as one which “ delays the assignment of semantic
interpretation to instances of written mathematics  The quasi-prefix form
captures the mathematical notation itself leaving the assignment of semantic

mterpretation to a later step ” [Ram94]

The order of the operators in the encoding need not be that which 1s actu-
ally spoken The author pomts out that the ¥TgXdisplays the mathematical

notation in one presentational form only, and leaves the interpretation of the
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mformation to the reader Since the histener 1s the passive partner in the read-
g process, there can often be times when a different ordering 1s desirable As
a sumple example, 1magine the two sentences “x equals a product b” and “x =
the product of a and b” Both are semantically equivalent, but the latter could

be preferred by some users

An mteresting feature of the ASTER model 1s the ease with which 1t can
be extended to cater for new object types 2 Raman states that the first step
mvolved m the extension of the model 1s the incorporation of the new object
types as part of the representation In Object Oriented terminology, the intro-
duction of a new object can be reduced to the specification of the object, and
the various attributes and methods which can be associated with 1t ASTER
adds the new object by firstly defimng the name and number of parameters
of the object, the processing function associated with 1t and 1ts precedence m
the hierarchy of objects Other features are associated with the macro, which

determine how 1t 1s rendered 1n audio

We can see that the model used mm the ASTER system 1s capable of dis-
playmng the myriad document elements available in IATEX The means how this
representation 1s accessed by the user to permit highly structured browsing, 1s

described below

2.3 Browsing documents using spoken output

As was stated m Section 1 1, the control over the audio view of a document 1s
mimmal at best Currently, the most common form of “audio reading” 1s to have
a transient speech signal flowing past the passive listener, whereas with normal
visual reading the roles are reversed, and the information remams passively
on a page while the reader actively peruses 1t [Ram94, Ste96] The following
sections describe some of the methods used by people browsing both structured

and non-structured electronic information using audio devices of various types

?Indeed, the notion of incorporating such features mto TechRead can be traced to this fact
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2.3.1 Non-structured browsing

The two most common means of electromically accessing documents are by the
use of either the audio cassette, or screen access technology The former 1s self-
explanatory, whereas the latter form of access needs some explanation The
means whereby blind people access computer based technology 1s primarily
through the use of screen access software, synonymously known as screenread-
ers These applications sumply act as a commuimcation layer between the visual
medium of the screen, and the blind user, conveying the mformation which ap-
pears on screen using either synthetic speech or refreshable Braille If a dialog

box appears on screen, the screenreader should read the contents to the user

One major disadvantage of such generic software 1s that, though extremely
flexible, 1t does not take ito account the need to browse information m a
structured manner Rather, documents are reduced to components related hi-
erarchically through their relative location on screen This does not permit the
user to browse the document m the same manner as their sighted colleagues
who can navigate through the content using the structural umts, and visual al-
terations to assist them Screen access technology permits the user to navigate
through the document using alternative structural umts, among which are lines,
sentences, words or characters In an elxra of Object Linking and Embedding

(OLE) this form of representation does not support complex document struc-

tures, such as mathematical content or tables

There are two basic strategies for reading a document using a screenreader
Firstly there 1s the sequential document read, which simply commences at the
current pommt withm the document, and continues to read until the end 1s
reached, or the speech 1s terminated by the user This 1s akin to an audio
tape, as the imformation sumply flows past the listener, however this alternative
offers a little more control Each screenreader manufacturer has concluded that
a so called “audio focus” exists As speech 1s a serial medium, the “audio focus”

18 deemed to be that item on which the user is currently located This focus
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1s extremely narrow; lacking the ability to look rapidly at other parts of the
display and thereby deternimng the relative location of other items Conse-
quently, the notion of ReadCurrent, ReadNext and ReadPrevious has evolved
for each Section mto which the document has been reduced In one particular
screenreader, the user can hear the line on which the current focus 1s located
by holding down the Insert key on the numeric key pad, whilst at the same
time pressing the number 8 on the same portion of the keyboard, whereas to
hear the current word the insert key 1s once agan held down, while the number

5 key 18 pressed

Thas form of browsmg yields a modicum of control to the audio-based user,
though 1t 1s insufficiently flexible The sighted reader can use the changes in the
presentational style to enable rapid perusal of the information, while the blind
reader (using generic access technology) 1s restricted to those units which the
developers use 1n their navigation model The degree of flexibility to simply flick
a page and move to some pomt thereon through the use of visible attributes, 1s
simply not present using this imnteractive process As was stated i the previous
paragraph, the means of accessing the content of a document 1s based on a
decomposition of that document into visually juxtaposed sections, and takes
no account of the structural hierarchy of the document The mnate ability of
sighted readers to rapidly skim through large portions of text and to discern
the salient features by their visual appearance 1s simply not present in these

generic screenreaders

To return to the analogy of the newspaper presented m Section 11, 1t 1s
not possible to rapidly and effectively glance down the document to discover
the headlines or other sectional unmits Rather, a series of atomic actions must
be performed to locate and read articles of interest The following would be an
example of an algorithm used to locate a given article i the sports Section of

a daily newspaper

1 load the document mto a Word Processor or editor containing a searching

faciity
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2 activate this search facility and enter a keyword such as “Sports Section”

3 continue to do this until cross-references have been bypassed, and the

actual sectional unit with this fitle has been reached

4 activate the search facility once agam, and enter as many unique key

words as possible

5 contmue until the article required has been found

As can be seen from the above algorithm, the means of actually finding
required text 1s both tune-consuming and tedious For example, suppose an
article entitled “Last Minute Goal Wins Final” were bemg sought The user
would have to trawl through all references such as “see article entitled »

before the actual text of the article had been located

Such complex document objects as mathematical material are not catered
for m any fashion by generic screen access technology The primary reason for
this 1s that Word Processing software typically uses graphical symbols to denote
the umque symbols used 1n this form of presentation The results of this are that
the screenreader cannot access the graphical symbols, and hence cannot provide
any output (meanmgful or otherwise) to the histener The alternative 1s to use
Linear notations such as IWTEX [Lam85] to read the technical content Further,
m syntactically complex material, 1t can often prove too mentally taxing to
retamn and comprehend the semantics of the mathematics, while simultaneously
determming what the linear notation actually means The result 1s a need for

alternative strategies to impart this type of materal to the user

2.3.2 Structured textual browsing

As was 1llustrated by the examples 1 the previous section, the need for some
means of browsing documents 1n a structured and ordered manner 1s paramount

ASTER [Ram94] aimed to solve this by mtroducing the notion of tree-based
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document browsing The reasons for this form of document browsing strategy
are explamned by the structural model outlined m Section 222 The author
has reduced the browsing of the content and structural elements of documents
to sevaral atomic actions, based on tree-traversal techniques which employ to

advantage the design of the document model The primary atomic actions

catered for by ASTER are
1 go to next sibing
2 go to previous sibling
3 go to parent
4 go to leftmost chuld
5 go to right-most child

6 mark current node

7 return to marked node

The interface used in the ASTER system 1s based on the keyboard mnemomcs
used m the Unix based VI editor Though not explicitly stated, the ASTER
system appears to be aimed at users who have attamned a high degree of com-
puter hiteracy and competence, as 1t 1s difficult to use It requires an in-depth

knowledge of tree traversal, and complex computer systems i order to both

operate and customise effectively

As an example of the browsing which is possible using this type of structure,
let us assume that a footnote has been encountered in the running text The
atomic actions required to read the footnote and return to the current point in

the document are as follows

1 mark current node

2 go to parent (This gets us out of the current paragraph)
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3 move across siblings until footnote 1s encountered
4 read footnote

5 return to marked node

[Ram94]

As this demonstrates, the model used in ASTER to represent both the
content and structure of the document 1s extremely rich It 1s possible, though
not efficiently so, to navigate successfully through the document hierarchy to

read the mnformation required

The key-mapping used 1n this system 1s based on the Unix editor VI Conse-
quently, the keys used to achieve the atomic actions necessary for tree traversal,
though intelhgible to anyone famihiar wath this editor, are not intwitive, as Table
2 2 shows The keys do not immediately suggest their purpose, which makes

the system extremely difficult to use

An mteresting anomaly of this keyboard mapping 1s the use of “L” to denote
a movement to the right, while “h” idicates a movement of the focus to the left
There seems to be no apparent relationship between the keyboard mnemonic,
and the action which 1t 1s mtended to perform While accepting that the author
has kept to the design principles inherent m the VI editor, 1t 1s assumed that

such a keyboard mapping would be extremely difficult to memorise

2.3.3 Structured mathematical browsing

The discussion to date has focussed primarily on the means to successfully and
efficiently browse the textual content of structured documents Another major
consideration m the design of a system to present accessible technical documents
to blind readers, 1s the more complex or mathematical content Existing screen
access technology provides little or no meaningful access to this kind of material,

and 1t 18 only through the advent of specialised document viewers, or systems
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Keyboard Mnemonic | Action
t Go To Top of Document
CTRL-U Go to top of current math expression
h Move left set current selection to previous sibling
1 Move right set current selection to next sibling
] Move down set current selection to first child
k Move up set current selection to parent

Table 2 2 Basic Keyboard Mnemonics for ASTER

designed for the sole purpose of mathematical access that this data has become

even modestly accessible

Math browsing in ASTER

ASTER uses the same tree-based lmerarchy to represent and browse the math-
ematical content of a document Once again, a system of keyboard mnemomcs
based on the VI editor has been assigned to supplement those already described
above The keyboard mnemomcs utiise the quasi-prefix representation de-
scribed 1 Section 222 The assumption when using ASTER. to browse even
a simple equation, 18 that the user 15 extremely mathematical and computer

literate The reasons for this assumption are

e the notation 18 not a traditional view of the equation

e the means of browsing equations dependent on an understanding of a

notation which 18 not 1n common usage
e a combination of the knowledge of tree-traversal, and the quasi-prefix

representation necessitates a high level of mathematical knowledge

The interface also does not lend itself to easy use, unless the person using the

system 18 conversant with both IATEXand the VI editor As Table 2 3 indicates,
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Keyboard Mnemonic

Action

!

%

Set Selection to Current Content of Node
Go to superscript

Move to subscript

Move to Accent

Move to underbar

Move to left Subscript

Move to left superscript

Table 23 Supplemental keyboard Mnemomcs for Mathematical Browsing in

ASTER

the mnemonics used to supplement those described previously are not intuitive,

rather they are extremely dependent on the reader beimng an advanced computer

user

To those famihiar with ITEX, 1t will be immediately apparent why some of

the keys have been chosen However, others need some explanation the author

mforms us that

“The above key-map for traversing the attributes was arrived at

as follows The choice for superscript and subscript 1s automatic,

since the keystrokes match the symbols used by TEXto markup these

attributes Placing the fingers on the row of numerals on a standard

keyboard, the actions necessary for typmng ” and are mimicked with

the left hand to arrive at the key-bmdings for the left superscript

and subscript The middle finger of each hand 1s used to get to the

accent/underbar ”

[Ram94, ch4]

Though this explanation 1s extremely logical, there 1s still very hittle intu-

1tion about this mterface It demands a very high mental work load to both
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absorb and memorise the key mapping, and to comprehend the lhighly complex

mathematical information which 1s bemg presented by the system

Browsing in MathTalk

MathTalk [Ste96], designed by Dr Robert Stevens at the Umversity of York
1s another example of a system designed to render algebra more accessible to
blind students Unhke the ASTER system described i the previous sections,
this system 1s aimed at students who are still at school, and 1s particularly
aimmed at those between the ages of 16 and 18 Accordingly the form of pre-
sentation, and 1ts interface are deliberately simpler and more mtutive to use
The design principles on which this work are based, attempt to render the al-
gebraic formulae 1 a non-mterpretive fashion This contrasts totally with the
approach taken i ASTER, where the mathematical content was rendered to
make 1t more mtelligible (See Section 2 4 for a more m-depth discussion on
the ways mm which both systems speak the mathematical content) The nter-
face 1s also less mtrusive The amm of the system is to present algebra m an
unambiguous fashion, and to give the user complete access to all portions of
the equations One feature which 1s incorporated mto the system 1s the notion
of object folding This mvolves presenting the equation through various levels

Thus the formula

—b+ Vb2 —4ac
p - o2V 21)

would be spoken at its most superficial level as

“x = mius b Plus or minus the square root of, a fraction ”

[Ste96, ch3]

It 18 immediately obvious what the equation consists of, namely a value x,

which 1s related to some other formula via the relational operator = It 1s also
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immediately apparent that the right-hand side of the equation consists of a

fractional quantity

The notion of object folding essentially means that when the user wishes to
browse through this formula, 1t 1s possible to look at the top-level of the equation
first, to verify the nature of each imdividual term Then, if they so wish the
terms can be decomposed into their sub-terms until no further decomposition

18 possible

The keyboard mapping which 1s used to achieve the browsing capabilities imn
the MathTalk system 1s based on a meta-language, consisting of a keyword, and
a target action These keyword and action pairings combine to form a language
which 1s extremely flexible The keywords which are used within the system
revert back to the standard approach taken by the developers of all screen access
technologies, namely the 1deas of current, next and previous When one of these
keywords 1s combined with a set of actions (or targets) they can produce an

mterface which 18 mtuitive and easy to use

The targets which are available within the system vary greatly, depending
on the type of formula which the reader 18 browsmg The keyword “next”
could always be combined with the target “term” to hear the next term of
the equation This two key sequence would, if another term was present, then
relay the description of the type of content found, or play an error if no other
terms were encountered Another example of the target actions possible 1s the
combination of “next” and “fraction” This option 18 only available if the type
of materal being perused actually consists of a fractional unit, otherwise an

error message will be played

The keyboard mnemonics used within the MathTalk system appear to be
more mtuitive than those found in the ASTER system Evaluation of the system
[DNA97] reveals that much effort went mto the design of this portion of the
system The keywords nezt, current and previous were mapped to the letters

n, ¢ and p respectively The target keywords also followed the practice of using
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a mapping, which ensures that (msofar as 1s possible) they correspond to the
first letter of the term they are supposed to represent The command nezt term

would be executed by the key sequence nt

It should be noted at thus pomt that MathTalk 1s i no way as comprehen-
sive a tool as the ASTER system The author set out to design a system for
the browsmg of algebra, whereas Raman’s[Ram94| mam aim was to produce
a system for the rendering of entire documents mto Audio Stevens’ objective
was to deduce a set of design guidelines on which future systems could be built,
to enable the mamipulation and writing of mathematical formulae It should
also be noted, that the system confined 1itself to a mathematical sub-set, namely
that of algebra, whereas ASTER 1s unrestricted Moreover, the interface to the
MathTalk does seem to offer scope for expansion, and appears from the data

found in [Ste96] to work effectively

2.4 Producing audio output

As was stated 1 the previous section, the vendors of currently available screen
access technology do not harness the prosodic capabilities of synthetic speech
devices This makes hstening to, and more importantly understanding output
from these devices extremely difficult for those who are not used to using speech
synthesisers Much of the research mto the area of producing accessible techmni-
cal documents has been directed towards the prosodic enhancement of textual
and mathematical content m an attempt to derive spoken output which hsten-
ers find more appealing This Section discusses the significant contributions
made m this area It 1s mtended to outlne firstly the rules which Larry Chang
[Cha83] devised to aid human readers to describe mathematical equations when
reading them onto audio cassette Proceeding from this the efforts of Raman
[Ram94] and Stevens [Ste96] to devise alternative methods of producing spoken

output are described
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2.4.1 Chang’s rules for spoken mathematics

In the 1980’s, Larry Chang defined a set of rules for the verbalisation of mathe-
matical expressions These guidelines were designed for use by human readers,
though the author envisaged their inclusion i any system for the production
and artificial utterance of mathematics The rules are based on the addition of
lexical cues to an expressmri They did not rely on the prosodic component of
speech, rather on the use of descriptive phrases to imnform the listener as to the
type of material to which they were hstening Chang states that “mathemati-
cal materal 1s primarily presented visually, and when this material 1s presented
aurally, 1t can be ambiguous” [Cha83] The rules described below were defined

m an attempt to reduce ambiguities found 1 complex mathematical content

Chang begins his defimtion of the gmdelines by ntroducing the various
alphabets and the means for their verbalisation He states that large letters
should be preceded by the word capital” or “cap”, and when visual enhance-
ments are mtroduced, they should be uttered Therefore, if the following ex-
pression a+B were encountered 1n a passage of text, the version recommended
by Chang would sound like “italics a plus cap b” He gives an interesting def-
mtion of the methods for speaking alternative alphabets to the roman style
of letters He outlines phonetic representation for the Greek alphabet, which
attempts to inform the user as to the correct pronunciation for these letters
As an example, a 1s represented as “al fuh”, with a stress mark indicating that

the “al” should be spoken 1n this manner

The basic symbols (such as operators) are simply spoken as they occur,
though an alternative suggestion 1s provided which 18 more mterpretive The
+ sign can be spoken as plus or positwe, — said as minus or negative, etc
Parentheses and all other brackets are preceded by the words open or close

respectively, further indicating the nature of these delimiters

The actual description of the various forms of mathematical content now

follows Chang begins with simple algebraic formulae and equations The first,

45



and simplest example (found m section 4), a — (b + ¢) 1s spoken using this
method of presentation as “a minus the sum b+c”, “a mmus the quantity b
plus ¢ end quantity” or “a mimus open parenthesis b plus c close parenthesis”
[Cha83] This example 1lustrates how the various lexical cues can be combined
m both an mterpretive or non-mterpretive fashion A further example of this
concatenation of cues 1s the expression a[b+c—e(f —g)] The verbal rendering
of this formula 1s extremely cumbersome and bears no relation to the length or

complexity of the visual form The spoken utterance for this equation 1s

“a times the quantity b plus ¢ minus the product e times the the

difference f minus g”

The alternative renderings simply speak each symbol as they occur, causmg
the mclusion of such cues as “open bracket”, “close parenthesis” are substitutes

for the cues just described

The guidelines defined by Chang seem to work better mn the realms of
trigonometric functions For example, siné 18 spoken as either “sine of theta”
or “sme theta” The cues seem to fit these types of functions, as they are
more readily verbalised, however as the complexity increases, the utterance
once agam becomes mordinately long Another area where the set of gudelines
works well 1s m the description of such mathematical concepts as summations,
or bounded mtegrals The expression ) .o, z* 18 spoken as “the summation
from 1 = 1 to mnfimty of x sub1” Here the concatenation of the various lexical

cues works well, as they form an intelligible, relatively brief utterance

The final aspect of Chang’s rules which 1s relevant to our discussion 1s the
manner mm which he describes the verbalisation of matrices and arrays This
form of construct 1s highly visual in nature, though Chang outlines a solution

which 18 novel and easy to understand Let us assume an array consisting of the
7
following elements This would be spoken 1n two alternative methods

3 10
The first would be to describe the matrix i row order, the second i column
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order The utterance “a two by two matrix, first row 2,7 second row 3 10” gives
the listener a clear impression of what is contammed i the matrix The version
spoken in the order of the columns gives exactly the same information, save
from a different perspective An obvious flaw with this mode of presentation 1s
that as array elements become more complex, it will be difficult for the listener
to maintain an accurate mental picture of their relation to the other elements
mn the array This 1s where the flow of control over the information 1s extremely

unportant

Chang’s rules were defined before the advent of widely accessible commputer
technology, and were intended primarly f(;r use by human readers, a fact which
should be borne in mind Consequently, though their verbal expression 1s often
cumbersome 1t provides a beginnmng from which the TechRead system, and

mmdeed those previous systems described below could continue

2.4.2 Audio output generated by ASTER

The tool used by the ASTER, system to produce the audio output, 1s a lan-
guage devised by the author known as Audio Formatting Language, or AFL
This language, an extension to LISP can be described as “  the audio analogue
of visual formatting languages such as Postscript” [Ram94] The aim of this
language 18 to provide mechamsms to control the multiple aspects of the audio
presentation, such as speech-based, and non-speech sounds The output pro-
duced by the audio-formatter in ASTER represents the various components of
the audio presentation using audio space, which 1s derived by taking the sum, or
cross product of the various individual dimensions of the audio space Examples
of these dimensions would be the spoken utterance, and the earcoms® which
enhance the spoken output The output from the audio formatter 1s altered by
adjustig the dimensions (parameters which may be changed) of each individual
aspect of the audio space Such dimensions would include the pitch and rate of

the voice, the means by which these characteristics change to reflect alterations

3audio equivalents of 1cons
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4

i the visual appearance of the text, etc AFL rules usually mtroduce a new

block, adjust the audio state and execute some actions [Ram94]

One of the most important functions used in ASTER 1s the LISP extension
ReadAloud This function is then overridden to provide different renderings
of the diverse objects contamed mm the ASTER document model However,
this function only provides one view of the document object being rendered
To surmount this, ASTER utilises the notion of styles, and rendering rules
which can provide different, contextual renderings of the same object These
rendering rules consist of AFL statements which alter the audio state mn some
manner Only one rule can be active for any given object at a specific time If
the listener wished to produce a new rendering style, new rendering rules for
the various default actions would have to be defined ASTER uses the styles
m the order m which they were activated If a style which produced extremely
descriptive renderings of the document were 1n use, and a simpler version of the
rule for describing integral mathematics was required, the user would simply

have to activate the rule which produced this version of thus form of content

The structural components of the document are conveyed using “ audio
layout made up of extra textual speech and non-speech audio cues” [Ram94]
Raman defines two forms of audio cue He says that fleeting cues are those which
do not last, and whose duration 18 specified by the nature of the cue itself A
persistent cue on the other hand, 18 one which lasts, and whose duration 1s
affected by other audio-events An example of a fleeting cue, 1s the use of the
word “section” which 1s spoken before the number, and title of a sectional umt
An example of a persistent spoken cue, 1s the raising of the pitch of the voice to
denote an 1temised list, while a persistent non-speech audio cue 1s the use of a
background sound, which continuously repeats Raman defines “audio layout”
as follows “Audio layout 18 achieved by superimposing persistent, and fleeting
cues on the rendermngs” [Ram94] In order to convey nesting, the alterations

(1

in the persistent cues need to be monotonic m the mathematical sense”

[Ram94] The author says that
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“Let P represent a pomnt mn audio space Let f be a change of
state function To convey nesting effectively, f should be monotonic,

there should exist an ordermg P < f(P) < f2(P) <  where this

order 18 perceptible ”

[Ram94, ch4] Document structure 1s conveyed by playmg fleeting, and persis-
tent cues For example, the fleeting component would be the keyword “section”,
followed by another giving the number A persistent cue, could be a prosodic
alteration to the voice, or a sound played i the background Specialised en-
vironments (such as lists) are conveyed mm ITEXusing mdentation to visually
distinguish then from the surrounding text This 18 analogously achieved n
audio by ASTER'’s use of nsing pitch to denote the same nesting Tabular data
18 another specialised environment ASTER uses stereo to convey the spatial
separation found m tables Using this method, the leftmost column is heard
only mn the left-hand speaker, and the movement of the sound through the stereo
space, 18 analogous to moving across each row in the table, until the nghtmost

columnn 1s heard solely in the right-hand speaker

The means used m ASTER to produce mathematical content 1s vastly dif-
ferent from that used in MathTalk (see below) Raman has observed that there
18 little mn the way of similarity between the evolution of a written mathematical

notation, and the audio counterpart He points out

“Any notational system 1s a combination of conventions and -
twmtive use of the various dimensions that are provided by the per-
ceptual modality and the means available to produce appropriate

output for that modality”

[Ram94, ch4] Raman also ponts out that the traditional mathematics notation
uses a set of primative layout cues to achieve highly complex and often nested
structures The mam aim of ASTER’s audio representation of mathematics

1s to produce a non-visual counterpart to the highly complex visual writing of
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mathematics The system used 1n this particular software approach 1s to offer
the listener the option to obtamn highly descriptive renderings of the mathe-
matics, or conversely purely notational The former can be used when new
material 1s being perused, while the latter can be utilised when famihar content

18 encountered

The actual audio output aims to reduce the extra verbiage, which 1s an
mtegral part of most audio documents produced by human readers The ren-
dering also conveys nested structures, such as superscripts and subscripts, each
of which can themselves contain arbitrarily complex sub-expressions The au-
dio notation 1s aclieved through the use of the fleeting, and persistent cues
described above The techmical means for rendering the mathematical expres-
sions are by moving along various dimensions in the audio space AFL once

again provides the functionality to achieve this movement

Unique dimensions are chosen to map the quasi-prefix notation described in
Section 2 2 2 to dimensions n audio space This quasi-prefix form of the equa-
tion 1s an attributed tree (see Section 2 22) A dimension 1s chosen 1 audio
space, and mathematically monotomc functions defined to control the move-
ments along this dimension Next, a dimension orthogonal to that just outlined
18 chosen to denote the visual cues found mn mathematical expressions The
means that sub-expressions are rendered 1s to use a softer more animated voice,
which produces a sense of “falling off into the distance” [Ram94] as the nesting
deepens Superscripts are conveyed by a movement along the dimensions of
audio space which cause a pitch increase m the utterance, while subscripts are

produced using a decline 1n the pitch of the voice

The myriad delimiters found n printed mathematics, while being extremely
useful to aid m the visual pirsmg of sub-expressions, can pose problems i an
audio context To merely announce the delimiters would produce unnecessary
extra verbal cues The rendering of the mathematical sub-expressions 1s highly
subjective n ASTER The author has designed the system to distinguish be-

tween the simple and complex entities which make up the mathematical expres-
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