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Executive Summary 
 

 
• A study aimed at determining the impact of speech recognition on 

the lives of people with disabilities, and ascertaining the factors 
which make for the successful usage of this technology. 

• Research inputs included comprehensive structured interviews with 
52 participants throughout Australia with disabilities,  a detailed 
literature and Internet review and interviews with employers. 

• Slightly more than half of the participants had spinal injuries. 

• 51.2% of current users of speech recognition said that it had made “a 
big difference” to their lives.  Over 80% were able to nominate 
benefits in areas such as productivity, independence, participation 
and confidence. 

• 65.4% of participants were “successful” users of speech recognition, 
i.e., they used their system frequently and achieved benefits in using 
it. 

• The study showed that gender was the main determinant of successful 
usage.  Males tended to have a better experience with speech 
recognition than did females. 

• Other important determinants were previous computer experience, the 
amount and quality of training and the expectations held by 
participants when they commenced with speech recognition. 

• Those using more powerful processors also fared better. 

• The study also examines two major employer experiences with 
speech recognition (Telecom and the Department of Social Security), 
both of which provided positive outcomes for the employers. 

• Based on the study’s finding a series of guidelines are proposed for 
employers and also for those involved in recommending speech 
recognition for people with disabilities. 
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1: Methodology 

 
This study was funded by the Commonwealth Department of Health 
and Family Services.  It commenced in June 1996.  It was approved by 
the Department’s Ethics Committee in August 1996. 

Its aims are twofold.  First, to ascertain what impact voice recognition 
technology is having on people with disabilities, especially in their 
education and employment, and second, to determine what factors 
make for a successful usage of this technology.  “Successful” usage is 
estimated in the study through a composite measure which includes 
frequency of usage, and its impact on areas such as confidence, 
independence, participation and productivity. 

The main information used in this study came from detailed 
structured interviews conducted with people who were or had been 
users of voice recognition computer technology.  These interviews 
were conducted by telephone with people who had volunteered to be 
part of the study.  The interview questions are shown as Appendix 1 to 
this report.  Further inputs came through a literature review and a 
series of interviews with employer representatives. 

A number of methods were used to attract participants for the study.  
Information about the study was sent to major assessment centres, 
rehabilitation organisations (including all branches of the 
Commonwealth Rehabilitation Service), disability officers in 
universities and colleges, insurance companies and retailers of voice 
recognition technology.  Inserts were placed in journals of the 
Australian Quadriplegic Association in NSW and Victoria, as well as in 
the Ability Newsletter.  The study was also publicised through the 
network of ARATA, the Australian Rehabilitation and Assistive 
Technology Association.  This diverse range of publicity safeguarded 
the study from drawing its participants from too narrow a base, or 
from people with mainly positive or negative experiences.  The 
organisations contacted were asked to approach suitable participants 
on our behalf, and invite them to be involved.  None of these 
organisations passed on names to us direct.  All approaches to us came 
from the volunteers themselves. 

Initially it was planned that the study would concentrate on people 
with spinal injuries.  But as the study proceeded there seemed little 
reason not to include other groups.  The comparative experience of 
these groups also provides additional information for the study. 

No one knows how many people with disabilities have used voice 
recognition systems.  For this reason it is not possible to know what 
proportion of this total is reflected in our group of participants.  I 
suspect that we have a large proportion of people with disabilities, 
particularly those with spinal injuries, who have used this technology. 
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2: The Development of Speech Recognition 
 Technology 
 
 
Commercial speech recognition1 systems began to appear in the 1980s.  They 
were preceded by a growing number of individual studies which used speech 
recognition technology in various ways to assist people with disabilities.2  These 
early experiments were constrained by the lack of processing power and memory 
(both RAM and storage memory) available in personal computers of the time.  
Nevertheless they created an expectation that a new era was dawning for people 
whose disabilities prevented them from using a standard keyboard.3 
 
Computer access alternatives for people with major physical disabilities such as 
quadriplegia were limited in their productive capabilities.  Head-mounted 
pointing systems (such as HeadMaster) were sometimes used in conjunction with 
an on-screen keyboard.  These systems were expensive, cumbersome and slow.  
Users required assistance to set up the system and were then joined to their 
computer through a cable.  Nevertheless they provided a means of creating text 
through a computer.  Many of these systems are still in use, with the later 
versions using infrared rather than cable links. 
 
Two early voice recognition products were popular among people with 
disabilities.  Voice Navigator (released in 1989) was a speech recognition for the 
Apple Macintosh and took advantage of the built-in sound capabilities of this 
computer.  It enabled the user to control menu commands and also to spell words 
using the International Communication Alphabet.  All commands had to be 
trained personally by the user, but this was an advantage for people with speech 
impairments or accents.  In many ways the product was ahead of its time.  It was 
discontinued in 1995, as attention switched to full dictation systems. 
 

                                                           
1  The terms ‘speech recognition’ and ‘voice recognition’ are used interchangeably in this paper. 
2  For example, Cohen A. and Graupe D., “Speech Recognition and Control System for the 
Severely Disabled”, Journal of Biomedical Engineering 2/2 April 1980, 97-107; Horsman L., 
“Disabled Individuals Can Talk To Their Computers”, Rehabilitation Literature 44/3-4 Mar-Apr 
1983, 71-74; Fried-Oken M., “Voice Recognition Device for Computer Control by Motorically and 
Speech-Impaired Individuals” Proceedings, 2nd International Conference on Rehabilitation 
Engineering, Ottawa, Canada Jun 17-22 1984; Fried-Oken M., “Voice recognition Device as a 
Computer Interface for Motor and Speech Impaired People”, Archives of Physical Medicine and 
Rehabilitation, 66/10 Oct 1985, 678-681; Brown C. et al., “Increased Independence Through 
Computerised Voice Recognition for Persons who are Severely Physically Involved and 
Profoundly Mentally Retarded”, RESNA 86: Employing Technology; Proceedings of the 9th 
Annual Conference of Rehabilitation Technology, Minneapolis, Minnesota Jun 23-26 1986. 
3  See Smith J., “Computer Voice Activation: The Future is Nearly Here”, Spinal Network Extra, 
Winter 1990, 47-48; Lazzaro J., “Opening the workplace to the disabled” High Technology 6/3 
Mar 86, pp. 54-56 as examples of the optimism of this time.  Clements M., “Voice recognition 
systems can be designed to serve a variety of purposes” Industrial Engineering 19/9 Sep 87 pp. 
44-57 contrary to this trend, stresses the limitations of voice technology in its early stages. 
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The other product, released in 1990, was DragonDictate.  It ran on MS-DOS 
computers.  It required a (then) powerful and expensive 386 processor, and a 
whopping 8 Mb of RAM.  Unlike Voice Navigator it offered direct speech 
recognition of spoken words, but no command and control capabilities.  In 1990 
in Australia the cost of DragonDictate was around $9,000. 
 
For both of these products the disability sector was a nominated target market, 
but not the main market.  These products were mainly targeted at type-shy 
executives, expenditure-shy lawyers and medical practitioners.  This pattern has 
persisted.  Disability is a recognised but subsidiary market for these products. 
 
 
Developments in the 1990s 
 
The 1990s have witnessed dramatic changes in personal computers.  The key 
trends relevant to speech recognition have been: 
 
• Much faster processors.  We have moved from 12Mhz 286 computers to 200 

Mhz Pentium and PowerPC processors. 
 
• Typical hard drive capacity has moved from 20 Mb to 2 GB (i.e., around 2,000 

Mb). 
 
• RAM capacity has increased dramatically.  From a typical configuration of 2 

Mb we have moved to a standard of at least 16 Mb. 
 
• Virtually all modern computers have 16-bit sound capability. 
 
• Almost the entire personal computer industry has moved to a graphical user 

interface. 
 
• The price of computers, hard drives and RAM have all fallen. 
 
These changes have been fortuitous for speech recognition technologies.  Speech 
recognition is a processor-intensive task and benefits greatly from having a 
powerful processor.4  Larger storage memory makes it easier to host the large 
voice files which these systems generate.  Greater RAM means these systems can 
hold much larger vocabularies in memory, which greatly speeds up their 
operation. 
 
The year 1994 was a watershed for speech recognition systems.  Very early that 
year the price of DragonDictate dropped significantly, in a number of stages, to 
                                                           
4  Feldman S. and Wu R., “Speech recognition comes of age” in Telephony 23/10 1996  pp. 38-42.  
They point out that speech recognition systems have become more efficient, requiring fewer 
compute cycles, whereas processors have become more powerful and provide more computer 
cycles.  In 1993-4 the curves crossed, so that ‘it became possible to perform a single real-time 
speaker independent session on a Pentium based workstation’. 
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under $2,000.  A new and powerful speech recognition system for the Macintosh, 
called PowerSecretary,  became available, offering command and control as well as 
direct dictation capabilities.  Then the Windows version of DragonDictate was 
released, followed by a Windows version of Kurzweil Voice.   
 
Another important development at this time was the trend towards the use by 
speech recognition systems of built-in Soundblaster sound cards instead of 
expensive proprietary sound cards.  DragonDictate was the first to offer this, but 
now Kurzweil Voice and IBM VoiceType have followed.  It has been an important 
development which has reduced the effective cost of speech recognition systems.  
Notebook computers since about 1995 have featured 16 bit sound capability and 
many have thus been able to be used for speech recognition.  This has opened up 
new possibilities for students and others requiring speech recognition on the 
move. 
 
We should note that the personal computer is not the only area where voice 
recognition technology is becoming prominent.  Developments in voice 
recognition for computers have been outpaced recently by developments in  
Interactive Voice Response (IVR) and Computer Telephony Integration (CTI).  
These systems are used in a number of areas, including automated directory 
assistance systems (Canada), stock exchange listing information (USA), 
automated dialling (Ontario), airline reservations (American Airlines), interactive 
banking services (BT) and filling out forms. 5   The Wildfire system provides a 
range of information management services over the telephone for busy 
executives.  It acts as an automated assistant (with what is described by one 
commentator as a “slightly sassy female voice”), answering and transferring calls 
and providing customised information for callers.  It maintains a contact list and 
schedule reminders.  This is all done in one telephone call through speech 
recognition.6  A similar product is being designed for operation through a single 
PC.7  The involvement of software giant Microsoft in voice products is expected 
to further boost this sector of the market. 
 
While these developments have some relevance for people with disabilities, our 
focus here is on speech recognition for personal computers.  In spite of the fact 
that relatively inexpensive solutions have been available for several years now, it 
remains the case that speech recognition has yet to gain wide acceptance in the 
general community.  Many people have been disappointed because of the hard 
                                                           
5 See Anonymous, “Nortel’s speech recognition applications”, Telesis, 9/96, pp. 32-33; Cameron 
H., et al., “Speech recognition: From the lab to the real world”, Telesis 9/96, pp. 28-31; King J., 
“Schwab dials up stock quote system”, Computerworld 30/42 14 Oct 1996, p.88; Ciauri C., 
“PeopleSoft combines voice, E-mail for benefits enrollment”,  Communication News 33/5 May 96 
pp. 16-17; Cook W., “The call of the voice market” Telecommunications International Edition 
30/4 Apr 96 pp. 36-42. 
6 See O’Brien J., “Fired up over voice mail?” Wall Street and Technology 14/1 Jan 96 p. 66; 
Thyfault M., “A smart service” Informationweek 1 Jan 96 pp. 42-43; Rao S., “Hello central?” 
Financial World 164/24 21 Nov 19 pp. 74-75 
7 Clancy H., “Speech recognition makes some noise” Computer Reseller News 18-25 Dec 1995 p. 
110; Brown J., “Speech steers the PC”, Computer Reseller News 4 Sep 95 pp. 79-81. 
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work involved in setting up and training the systems.  An accuracy of 95% 
sounds great in theory, but it still means correcting one word in every twenty, or 
15-20 corrections per page.  One critic has argued that “speech recognition 
systems have always missed the mark.  They force people to act even more like a 
machine than they do using a keyboard and mouse.  The user must speak the 
commands with very little variance in timing and pitch, for example.  That person 
must also know what it is he or she wants to do beforehand, and remember the 
correct commands for those tasks.”8  Some would say that the promotion of voice 
recognition systems on television has conveyed a false impression of the way 
these systems work, leading to disappointment when customers realise that there 
is a considerable learning curve involved. 
 
Nevertheless the market is growing, albeit not as rapidly at some had predicted.  
The rapid increase in RSI has certainly been a factor in the sale of speech 
recognition systems.  In 1992 in the US, 56% of workplace injuries were due to 
RSI, up from 18% in 1981.9   
 
 
Health impacts 
 
While health concerns are forcing people to turn to voice recognition, new 
concerns are being raised about the health impact of speech recognition itself.  
Speaking with the same pitch and inflection for extended periods can cause 
“voice stress” and swelling and hoarseness can result.  Apparently words 
beginning with vowels can be a particular problem.  One study suggests that 
people who already suffer from RSI may be more susceptible to vocal injury.10   
 
Some of the remedies suggested include drinking plenty of water, letting some 
air out before pronouncing a word, pushing air out with the lungs and not with 
the throat, humming and taking frequent breaks.11 
 
 
Voice recognition in rehabilitation 
 
In the disability and rehabilitation sectors the acceptance of voice recognition  
technology has not been rapid or uniform.  There are a small number of 
rehabilitation or assessment centres in Australia which have specialised in voice 
recognition, many others which have dabbled in it and still others, especially in 
remote areas, which have yet to gain any practical experience with it.  There are 
many reasons for this, including the technical naivete of many therapists, lack of 

                                                           
8 Ryon B., “Manana, manana technology” Upside 7/9 Sep 95 p. 18 
9 Furger R., “Danger at your fingertips” PC World 11/5 1993 pp. 118-124 
10 Kambeyanda D. et al., “Potential problems associated with use of speech recognition products” 
Proceedings of 1996 RESNA Conference. 
11  See Chao J., “Talking to a PC may be hazard to your throat” The Wall Street Journal 14 Sep 
1995; Gooderham M., High-tech RSI aid creates new problem”, The Globe and Mail 14 Sep 95 p. 
A12; Arnaut G., “Talking to computers has its hazards” The Globe and Mail 15 Sep 95 p. C4. 
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available funding, and a paucity of quality research which would guide 
decisions.  
 
Not surprisingly, when the subject of voice recognition has made it into the 
literature it usually does so in the form of descriptive articles, usually as part of a 
survey of a wide range of assistive technology.  Examples of this are Lazzaro12 
and Curtin.13  There is of course no criticism warranted of these excellent and 
necessary works.  But it remains that there have been very few attempts to 
provide a critical appraisal of voice recognition technology for people with 
disabilities. 
 
One of the more detailed appraisals of voice recognition appears in two articles 
by Marchewka and Goette.14 The first article (1992) describes the origins of speech 
recognition research and ways in which the technology has been used in 
manufacturing by companies such as G. H. Bass and Company, Eastman Kodak, 
General Motors Corporation and Ford Motor Company.  The influence of military 
research and disability legislation is mentioned.  A cautiously optimistic outlook 
is presented.  The later article (1994) looks at the role of voice recognition in the 
context of other assistive technologies for people with disabilities.  Its operation is 
described and problems noted (such as silence intervals, synchronisation and 
background noise).  Factors for individuals to consider before commencing with 
voice recognition are listed: 
 
• The task the users wishes to perform 
• Characteristics of the individual, including their disabilities 
• Costs and benefits 
• Training 
• Level of Support 
 
More recently Denis Anson included quite a detailed analysis of speech 
recognition in his text on computer access.15  This chapter covers technical aspects 
of the operation of speech recognition systems, a realistic assessment of output 
speeds which users should expect, and a consideration of practical issues such as 
training, microphone selection, cognitive overheads and environmental 
considerations. 
 

                                                           
12 Lazzaro J., “Opening Doors for People with disabilities: Adaptive technology lets personal 
computer users lead more productive lives” Rehabilitation Education 5/4 1991 and also Adaptive 
Technologies for Learning & Work Environments, American Library Association, Chicago, 1993, 
pp. 136-141. 
13  Curtin M., “Technology for people with tetraplegia; Part 1: Accessing computers” British 
Journal of Occupational Therapy 57/10, Oct 94 pp. 376-380. 
14 Marchewka J. and Goette T., “Implications of speech recognition technology” Business Forum 
17/2 Spring 92 pp. 26-29 and “Voice recognition technology for persons who have motoric 
disabilities” Journal of Rehabilitation Apr-Jun 1994 pp. 38-41. 
15 Anson D.K., Alternative Computer Access, A Guide to Selection, F.A. Davis Company, 
Philadelphia, 1997 pp. 141-150. 
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Since 1994 many more people with disabilities have experienced voice 
recognition and this has expanded the wisdom available in rehabilitation and 
disability sectors.  In those centres which have explored voice recognition, 
therapists and others have had the opportunity to examine and evaluate the 
experience of a larger number of clients.   
 
The experience of the Hugh MacMillan Rehabilitation Centre in the USA is one 
example which fortunately has been documented.16  This centre first 
recommended voice recognition in June 1992, and prescribed 36 systems in the 
period to September 1995. 
 
On the basis of this experience the authors conclude that “to use a voice 
recognition system successfully, the client must meet certain criteria.  It is 
important for a team to look at the many skills required when using voice 
recognition.”17 They propose a range of criteria: 
 
• The client’s writing needs must be determined. 
 
• The client must be prepared to dedicate time and effort into training.  A 

minimum of 20 hours is recommended. 
 
• Additional alternative input methods should be provided for those occasions 

when the client has a cold or sore throat, and for mouse control. 
 
• Good visual skills are required. 
 
• Cognitive skills are required, including memory and both divided and 

sustained attention. 
 
• The ability to produce discrete utterances and to speak consistently are 

important.  Also the speech must be loud enough for speech recognition. 
 
• Seating and posture are important, and the positioning of a microphone. 
 
• The environment where the client will use the system is important, especially 

with regard to background noise. 
 
• Expectations must be realistic. 
 
• Motivation must be high, as the client will need to handle frustration when 

errors occur. 
 
 

                                                           
16 Tam C. and Kotler A-L., “Assessment Criteria for Using Voice Recognition Systems as Writing 
Aids” Closing the Gap, Dec 95/Jan 96, pp. 14-17. 
17 Tam and Kotler op.cit., p. 15 
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Criteria such as these have only had the opportunity to emerge recently, as 
speech recognition has become a more popular and cost effective option for 
computer access.  This momentum should continue, at least if cost is a key issue 
— speech recognition has shifted from being the most expensive option to being 
now one of the most affordable.  For example, a 30,000 word speech recognition 
system can now be purchased for under $700.  Six years ago such a system would 
have cost more than $8,000.  Over this same period the rather hefty processor and 
memory requirements of speech recognition systems have become standard in 
modern multimedia computers, so the effective price drop for a total speech 
recognition system has been even more dramatic.  By comparison, over this same 
period a head-mounting pointing device with an on-screen keyboard and 
sip/puff switch has maintained its price of around $3,000.   
 
In Australia the topic of voice recognition featured prominently at the 2nd 
Australian Conference on Technology for People with Disabilities held in 
Adelaide in 1995.  A paper by Annabel Gregory from the Independent Living 
Centre of W.A.18 presented a summary of the experience of voice recognition 
users in Western Australia.  Issues such as environmental factors and the need for 
training were highlighted, along with the need for other access methods to be 
used in conjunction with voice recognition.  Another paper by Collins19 gave a 
detailed description of the operation of one voice recognition program. 
 
A paper by Connelly20 described the experience of 13 clients from the 
rehabilitation team at Royal Perth Hospital with speech recognition.  Several 
problems in general usage were noted, including background noise, lack of 
normalcy, lack of privacy and hoarseness.  Successful usage required a high 
cognitive ability and was affected by breathing difficulties.  Consistent speech 
was essential.  Their experience also illustrated the importance of alternative 
input methods for cursor control and as a backup should the user be unable to 
use speech recognition.   
 
All of these presentations at the Conference were heavily attended. 
 
Jack and Lenko21 who both work for (what was then) Telecom Australia, reported 
on a rehabilitation program in Telecom involving speech recognition.  This paper, 

                                                           
18 Gregory A., “Voice Input Users in Western Australia” Proceedings of the 2nd Australian 
Conference on Technology for People with Disabilities, Adelaide (The Crippled Children’s 
Association of S.A., 1995) p. 161-2 
19 Collins M., “An Introduction to the DragonDictate for Windows Voice Recognition Program” in 
Proceedings of the 2nd Australian Conference on Technology for People with Disabilities, 
Adelaide (The Crippled Children’s Association of S.A., 1995) p. 121-123. 
20 Connelly C., “Using Voice Recognition Systems in Vocational Rehabilitation” in Proceedings of 
the 2nd Australian Conference on Technology for People with Disabilities, Adelaide (The Crippled 
Children’s Association of S.A., 1995) p. 196-198. 
21 Jack S. and Lenko S., “Rehabilitation of occupational overuse syndrome in keyboard operators 
using the Voice Recognition System” Journal of Occupational Health and Safety - Australia and 
New Zealand 10/2 1994 pp.151-156 
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which is discussed in a later chapter, calculates significant cost savings for the 
employer. 
 
These Australian experiences are consistent with what is emerging elsewhere.  
But also consistent has been the experience of technical difficulty and frustration 
with voice recognition technology.  Unlike many other assistive technologies, 
speech recognition requires considerable technical expertise to set-up and 
troubleshooting is often required.  Conflicts with other computer components are 
commonplace.  Once stabilised, the settings are vulnerable to disruption when a 
new program or game is loaded into the computer.  These technical difficulties 
have created an uncomfortable gap between those who prescribe voice 
recognition as an access solution, and those who must bring this prescription to 
life in a particular setting.  In many situations the person with a disability has 
been left to their own devices.  In other cases assessment centres have ceased 
recommending voice recognition because of the technical frustrations involved.  
More enterprising centres have established their own links with computer 
organisations who have the necessary expertise. 
 
 
 
The Internet 
 
If 1994 was an important year for speech recognition, it also marked the 
beginning of the Internet as substantial reality in the everyday world of personal 
computers.  This coincidence has meant that the Internet has become a major 
source of information about voice recognition, in particular for people with 
disabilities.   Various discussion groups on the Internet have become the a focal 
point for the exchange of views and tips concerning voice recognition.  Our 
monitoring of several relevant discussion groups22 throughout 1996 showed that 
the main voice recognition topics were debates about the relative merits of 
respective commercial voice recognition systems on the one hand, and pleas for 
technical assistance from people struggling with these same systems.  These 
groups are carefully monitored by dealers and producers, so that the whole 
process of support, upgrading and technical assistance has been streamlined. 
 
Apart from these discussion groups there are a host of disability resources 
available on the Internet through Web sites and gopher sites.  There are many 
devoted to voice recognition.  A sample of what is available is shown in 
Appendix 2.  But to give an idea of the breadth of available material, in early 
March 1997 we submitted a search request to one of the more popular Internet 
search engines, Alta Vista, for speech (or voice) recognition related to disability, 
and scored over 10,000 references!  
 
 
 

                                                           
22 These were the EASI listserv and the Voice-users listserv. 
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Before discussing the results of our survey we turn now to a brief discussion of 
voice recognition itself.  This is relevant to our research, as people’s experiences 
with speech recognition take place against the contours of the technology itself.  
Understanding the technology will assist us in appreciating people’s experiences 
with it. 
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3: How Speech Recognition Systems Operate 
 
 
Speech recognition involves a number of stages.  The first step is to convert the 
analog waveforms of our speech into a digital form the computer can work with.  
This is done by measuring the amplitude of the incoming analog waveform at 
specific intervals; a typical sampling rate is 8,000 times per second.  These 
samples are then converted to numerical data. 
 
After digitization the data is simplified and analysed into segments called speech 
representations.  These speech representations are matched against the speech 
recognition software’s templates.  In speaker-dependent systems (such as those in 
this study) the templates are modified according to the user’s speech 
representations.  These templates are based on subword units such as syllables 
and phonemes, which together make up the vocabulary of the speech recognition 
system. 
 
Speech recognition then involves matching the speech representation against the 
program’s templates and then using both acoustic and language models to 
determine the most likely word that was spoken.  In doing this the software looks 
at the previous word (or two) as well as the current word. 
 
Remarkable though this technology is (especially when the whole process 
outlined above takes place in a split second), it does not allow the user to speak as 
they would in a normal conversation.   This is especially the case when the user 
first commences with voice recognition.  Here are some of the main 
characteristics of speech recognition systems: 
 
 
Discrete Speech 
 
None of the systems commercially available offer continuous speech capabilities, 
although there is expectation in the industry that this will happen (estimates 
range from the year 2000 to 20 years further).23  When dictating text or issuing 
commands, the user must leave short gaps between each word or command.  
This means that the user must speak in a staccato fashion.   
 
On the other hand, commands which involve more than one word (such as “New 
Paragraph”) must be spoken as one word (“newparagraph”), otherwise the 
system will reproduce the individual words rather than the command.   
 

                                                           
23 In March 1997 Dragon Systems Inc announced the release of “NaturallySpeaking”, a 
continuous speech product.  My understanding is that the initial release is the beta version.  At 
the time of writing I have not seen any reviews of the product. 
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These requirements mean users must adapt their speech to the requirements of 
the system.  Technology does not yet allow users to speak in their natural 
manner. 
 
 
Some Voice Training is Required 
 
Speech recognition systems are what is called “speaker dependent”:  they 
develop a voice profile for each user.  Part of this process is voice training 
whereby the user is required to say a number of selected words and phrases.  
While modern systems have improved their “out of the box” accuracy, they still 
require voice training early in the user’s journey with the system in order to 
achieve maximum accuracy. 
 
 
The Systems Learn Dynamically 
 
Speech recognition systems adapt continuously to the way the user speaks.  Not 
only do they refine their understanding of your speech patterns, but they also 
become more familiar with your vocabulary.  This improves their accuracy. 
 
Because these systems adapt as you speak, it is vital that errors be corrected (and 
not just deleted).  An uncorrected error will not only affect the way the system 
interprets that word in the future, but it may also affect the way the system 
interprets other words which use similar syllables to the affected word.  Just as 
correcting errors improves the accuracy of a system considerably, so too a failure 
to make corrections can result in a declining level of accuracy. 
 
 
Consistency is Vital 
 
It is important to say words the same way each time.  Factors which affect the 
consistency of a person’s voice, such as a cold or tiredness, will have an impact on 
the reliability of speech recognition. 
 
 
 
 
 
The future of speech recognition 
 
It remains to be seen whether or not speech recognition captures the imagination 
of the general population.  Certainly it appears most likely that people will 
confront this technology initially through their telephone rather than with their 
computer. 
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Continuous speech (i.e., without pauses) and speaker independence (i.e., no need 
for training) are both highly desired prizes in the world of speech recognition.  
Given the dazzling pace of new technology, these developments cannot be far 
away. 
 
On the more immediate horizon one can see the development of hand-held 
dictation machines which record speech and convert it into text in a PC.24 Further 
ahead lies the Holy Grail of language conversion through speech recognition.25 

                                                           
24 Kennedy D., "To speak or not to speak?" Management Accounting 74/7 Jul/Aug 1996 pp. 38-39. 
25 Feldman S and Wu R., "Speech recognition comes of age"  Telephony 23/10, 2 Sep 96, pp. 38-42.  
See also Australian MacWorld March 1997  p. 8, which reports on rumours that DragonDictate will 
be ported to the Apple Newton MessagePad 2000.  The rumours were confirmed with an 
announcement by Dragon Systems on 26 March 1997.  No availability has yet been announced. 
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4: The Survey 
 
 
Characteristics of Participants 
 
A total of 52 people participated in the survey.  Of these, 28 were male and 24 
were female.  There were 27 participants with spinal injuries and 25 with other 
disabilities.  All of the participants spoke English as their only language at home. 
 
The age profile of participants is shown in Table 1: 
 
 
Table 1:  Age Profile of Participants 

Age Group Number of Participants 
12-19 4 
20-29 8 
30-39 13 
40-49 15 
50-59 10 
60-69 2 
Total 52 
 
 
As can be seen, 73.1% of participants are aged between 30 and 59. 
 
 
Table 2 shows the distribution of participants by State: 
 
 
Table 2:  State of Residence of Participants 

State Number of Participants 
NSW 26 
Victoria 3 
Queensland 3 
South Australia 6 
Western Australia 5 
Tasmania 0 
ACT 8 
Northern Territory 1 
Total 52 
 
 
This profile reflects pockets of experimentation with speech recognition in the 
various States.  The low number of participants in Victoria was surprising and 
may suggest that speech recognition technology has not had the same penetration 
in that State as it has in most other States. 
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The employment and education pattern of participants is shown in Table 3. 
 
Table 3: Employment and Education Status of Participants 

Education/Employment Category Number of Participants % 
Employed Full-time 14 26.9 
Employed Part-time 8 15.4 
Total Employed 22 42.3 
Not Employed 30 57.7 
   
Total Studying 23 44.2 
Both employed and studying 7 13.5 
   
Of the Not Employed:   
Not Employed but doing voluntary work 6 20.0 
Not Employed but currently studying* 16 53.3 
Not Employed nor studying 14 46.7 
  

* Two of those doing voluntary work were also studying 
 
 
 
Overall Experience with Speech Recognition 
 
All participants have used speech recognition systems.  There are 43 (82.7%) who 
still use their systems, while 9 (17.3%) have stopped using them. 
 
Table 4 shows the year in which participants first began to use speech 
recognition.  
 

Table 4: Year Commenced with Speech Recognition 

Year Commenced Number of Participants % 
1996 or 1997 12 23.1 

1995 25 48.1 
1994 8 15.4 

1993 or earlier 7 13.4 
TOTAL 52 100.0 

 
 
Almost half the participants commenced using their voice recognition systems in 
1995. 
 
Participants were asked how long it took them to become productive with their 
system.  The answer to this question depended on what the person wanted to 
achieve with their system.  Better would have been a more objective question, 
such as “How long before you could dictate a half page letter accurately?”  
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Nevertheless the survey question does give some useful data, as shown in Table 
5.  It shows a wide variation in time taken to become productive. 
 
 
Table 5: Time Taken to Become productive with Speech Recognition 

Time Taken Number of Participants % 
Less than a month 24 46.2 

Over a month up to 6 months 10 19.2 
6 months and longer 7 13.5 

Have not become productive 11 21.2 
TOTAL 52 100.0 

   
Not everyone could use their system independently.  There were 16 (30.8%) who 
relied on another person to put on their headset and another 5 (9.6%) who relied 
on others in other ways.  The remainder (59.6%) could use their systems 
independently.   
 
Only one person in the survey relied on speech recognition alone when accessing 
their computer.  The vast majority (82.7%) could access the keyboard (some via a 
mouthstick) , while 38.5% could use a standard mouse.  A large group (44.2%) 
used trackballs or other alternative pointing devices in conjunction with their 
speech system.   
 
Participants were asked which method of access was the most useful for them.  
This gave some indication as to the relative importance of speech recognition 
when other methods of access were available.  The results are shown in Table 6. 
 
 
Table 6:  Most Useful Method of Computer Access 

Method of  Access Number of Participants % 
Speech recognition 26 50.0 
Combination (speech and other) 10 19.2 
Keyboard 11 21.2 
Mouse device 4 7.7 
No answer 1 1.9 
Total 38 100.0 
 
 
These results indicate a high preference for speech recognition, either alone or in 
combination with other input methods.  Other participants appear to use speech 
recognition to supplement other methods of computer access. 
 
 
Eighteen participants reported negative health effects arising from the use of 
speech recognition, but 13 of these were minor effects which the person had 
managed successfully (such as a dry throat managed by taking frequent sips of 
water).   
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Those who still use their system were asked questions to indicate the impact of 
speech recognition on their lives.  The results are shown in Tables 7 and 8: 
 
Table 7:  Current Users - Life Impact of Speech Recognition 

Difference to Life Number of Participants % 
Big difference 22 51.2 
Reasonable difference 14 32.6 
Not made much difference 7 16.3 
Total 43 100.0 
 
 
 
Table 8:  Current Users - Personal Impact of Speech Recognition 

Area of Life Number Stating Positive Difference % 
Productivity 31 72.1 
Independence 22 51.2 
Participation 17 39.5 
Confidence 17 39.5 
   
At least one of the above 36 83.7 
None of the above 7 16.3 
Total current users 43 100.0 
 
 
 
Clearly a majority of users have derived considerable benefits from this 
technology.  
 
 
The frequency of use of speech recognition of those who use it is shown in Table 
9. 
 

Table 9:  Current Users - Frequency of Usage of Speech Recognition 

Frequency of Use Number of Participants % 
Every day/work day 25 58.1 
A few times each week 13 30.2 
Occasionally 5 11.6 
Total 43 100.0 
 
 
Of those who were employed, 73% said that voice recognition had made a 
positive difference to their employment.  Of those who were studying, 70% said 
that voice recognition made a positive difference to their education.   There were 
others who planned to work or study and who believed that voice recognition 
would make that possible for them.  “It will be my pathway to employment” said 
one participant, who is close to completing a university degree.  One participant 
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commented that voice recognition had given her productivity equal to that of her 
fellow workers.  “I feel more competitive” commented another.  Another who 
was employed part time said that he wouldn’t be able to do his work without 
speech recognition. 
 
Quite a few participants mentioned that being able to use a computer through 
voice recognition had increased their motivation for life in general.  “Otherwise I 
just couldn’t be bothered doing all the things I do now” said one.  Another 
commented that “it has given me a sense of achievement”. 
 
Overall, 42.3% of participants felt that their speech recognition system worked 
well always or most of the time.  A further 32.7% felt it worked well sometimes, 
or with reservations.  The remaining 23.1% felt it was erratic or not reliable at all 
(there was one person who gave no answer).   
 
 
These figures suggest that those who persist with speech recognition tend to use 
their system extensively and tend to gain considerably from the experience.  As 
one quadriplegic female put it:  “I can do everything with this computer... my 
boundaries are limitless... the tool is here.  It’s ready, it’s sharp, it’s waiting.”  A 
quadriplegic male commented that it had “opened up another door I didn’t know 
was there.”  Another called it “a really great thing”. “It has helped me a great 
deal... I’m really happy with it” he continued. 
 
But not everyone has had successful experiences with speech recognition, and 
some participants (9) have stopped using it altogether.  Lack of reliability was the 
main reason given for their choice not to continue with speech recognition.  One 
user described her early experience as “depressing and unproductive”.  Another 
who gave up said it was “not worth the investment in time”. 
 
Our task now is to examine the data in more detail to see whether we explain 
these diverging experiences.  A number of explanatory variables are tested in the 
following section. 
 
 
 
Explanatory Variables 
 
In order to test the following variables, a composite measure of successful usage 
was developed.  A successful user was deemed to be one who: 
 
• Still used their voice recognition system 
• Used the system at least “a few times a week” 
• Stated that voice recognition had a positive impact on at least one of the areas 

of confidence, productivity, participation or independence. 
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There were some in the survey who spoke highly of speech recognition but who 
only used it sporadically, hardly enough for it to have a substantial impact on 
their daily lives.  They were not counted as successful users.  Likewise there were 
some who used speech recognition more frequently but who were unable to 
affirm any benefits in the nominated areas.  They too were not counted as 
successful users. 
 
An additional criterion, as to whether speech recognition had made a substantial 
impact on a person’s life, was considered for inclusion.  This would have been 
more tempting if the study was confined to those with spinal injuries.  However 
it was felt that a person could use speech recognition successfully without it 
necessarily making a big difference overall in their lives. 
 
Overall there were 34 (65.4%) who had successful experiences with voice 
recognition under these criteria. 
 
We now turn to the consideration of a number of variables which may help us 
explain why some people have success with speech recognition while others do 
not. 
 
 
1. Gender 
 
Our study shows that gender is the major determinant of a person’s success in 
using speech recognition.  Our figures show that a far greater proportion of males 
had successful experiences with speech recognition than did females:  82.1% for 
males as against 45.8% for females.  The nine people in the study who have given 
up on speech recognition are all female. 
 
Males and females in this study differ in other respects as well.  Most females 
(75%) had disabilities which were not the result of spinal injuries, whereas only 
25% of males were in this category.  However gender differences were consistent 
for both disability groups.   
 
The males and females in the study also differed in their education prior to the 
onset of their disability.  Of the 20 females who answered this question, 14 (70%) 
had some level of tertiary education prior to their disability; of the 26 males who 
answered this question, only 7 (26.9%) had tertiary education prior to their 
disability.  This almost certainly reflects the type of disability rather than a gender 
difference.  Most of the males have spinal injuries, and these typically occur at an 
age prior to the commencement of tertiary study.   
 
Females in the study tended to have more computer experience prior to the onset of 
their injuries.  This is not surprising since many of their injuries relate to 
computer usage.  However there was no difference between the computer 
experience of males and females prior to the commencement of voice recognition.  
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In other words, males in the study had gained computer experience between their 
injury and their commencement with voice recognition.   
 
However there were differences between males and females in the area of 
expectations.  Of those who said that speech recognition initially worked as well 
as they expected it to (26), 18 were male and 8 were female. 
 
The results suggest that women do not fare as well as men with speech 
recognition.  The most probable explanation is that the softer female voice is more 
difficult for speech recognition software to recognise.   There is some anecdotal 
suggestion, from trainers and suppliers, that this is the case.  However I have 
been unable to obtain confirmation from the manufacturers on this matter. 
 
 
 
2. Previous Computer Experience 
 
There are several reasons why one would expect a person’s past computer 
experience to influence their experience with speech recognition.  General 
computer literacy would mean that the person knew their way around the 
computer and knew basically how word processors function.  They would be 
building on these foundations when they came to learn speech recognition. 
 
On the other hand there are those who are given the daunting task of learning 
computers, Windows (or Mac OS) and word processing, as well as voice 
recognition, all at the one time.  The learning curve can be very steep in such 
circumstances. 
 
The figures confirm this reasoning, as can be seen in Table 10.  The greater the 
previous level of computer experience, the more likely the person will have a 
successful experience with speech recognition. 
 
 
 
Table 10:  Previous Computer Experience and Success in Using Speech Recognition 

Previous Level of Computer Experience Number in Group % with Success 
Competent user or basic user 29 79.3 
Just a little 14 50.0 
None 9 44.4 
Total 52 100.0 
 
 
Previous computer experience was a factor for both males and females, but more 
pronounced for females.  Males with computer experience had a success rate of 
93.3%, as against 69.2% for those without previous computer experience.  For 
females the equivalent figures were 64.3% and 20%.  A female with previous 
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computer experience still does not achieve the same level of success as a male 
without past computer experience. 
 
There are other questions which shed light on this issue.  There were 9 
participants who did not know what processor was in their computer.  This 
would be some indication of a low level of computer literacy.  Only four of these 
(44.4%) were successful in their use of speech recognition.  Of the ten participants 
who didn’t know how much RAM they had in their computer, only three were 
successful users of speech recognition. 
 
 
 
3. Expectations 
 
People usually come to speech recognition initially with some expectations 
regarding how the system will work.  These expectations may be based on 
television documentaries or technology shows, on seeing others use speech 
recognition, or else on science fiction anticipations of speech recognition.  As one 
participant put it, “There’s a lot of hype out there.”  Another commented that 
“people need to be more honest in demos”.   
 
In the study we tried to test whether the gap between a person’s expectations and 
their initial experience affected their overall experience with speech recognition.  
Some people were pleasantly surprised, whereas others were disappointed.  Our 
question simply asked, “When you first started to use voice recognition, did the 
system work as well as you expected?” 
 
Five participants claimed to have had no expectations.  Of the remainder, slightly 
more participants (26) had their expectations met compared with those who had 
their expectations disappointed (21).  But their experiences with the systems 
varied enormously, as can be seen in Table 11.  
 
 
Table 11:  Expectations and Success in Using Speech Recognition 

Expectations Total Number in Group % with Success 
“Pleasantly surprised” 26 88.5 
“Disappointed” 21 38.1 
No expectations 5 60.0 
Total 52  
 
 
Even though this question asks people to recollect their expectations, and 
therefore runs the risk that people may read their later experiences back into their 
recollections, I believe the answers were genuine.  Commencing with speech 
recognition is a momentous and memorable occasion for a person, and 
participants seemed to have little difficulty in recalling their feelings at the time. 
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There were some gender differences among the results for this question,  but the 
strong positive link between expectations and outcomes was consistent for both 
males and females, and suggests therefore that it is a separate influence. 
 
 
 
 
4. Training 
 
There are reasons why one would expect the amount of training to be an 
important variable.  First, most of the speech recognition systems require training 
of a number of words in the initial stages.  While this can be undertaken without 
assistance, for people with disabilities some training assistance at this early stage 
can be extremely helpful.  Second, people need to learn how to correct mistakes 
early in the piece; a failure to do this will reduce the accuracy and reliability of 
the voice recognition system.  The early hours can be decisive for future use. 
 
Our figures show a relationship between the amount of training and successful 
outcomes.  Those who received 8 or more hours of training were more likely to 
have successful outcomes (72.7%) than those who received less (59.3%).  The 
relationship was strong for both males and females.   
 
Participants were also asked a more general question, regarding their evaluation 
of the training and support they received.  Only 45.5% of those who rated their 
support and training as “inadequate” had successful outcomes, compared with 
92.3% of those who rated these services as “very good”.  Those in between these 
extremes had a success rate of 57.1%.  These figures suggest a connection between 
the quality of training and support, as well as the amount, and success in using 
speech recognition.   
 
“More training” was the most popular suggestion among participants for a factor 
which would have improved their experience of voice recognition (17).  Many of 
the comments, both positive and negative, made by participants related to the 
training they had received.  The early support they received (or failed to receive) 
appeared to make a powerful impression on participants. 
 
 
 
 
5. Type and length of disability 
 
The type of disability could have an impact on people’s experience with speech 
recognition in a number of ways.  People with more severe disabilities (in this 
study, those with spinal injuries) may have fewer options and therefore more 
incentive to persevere with speech recognition.  One would also expect there 
would be more at stake for those with more severe disabilities.  On the other 
hand, the process of training and error correction can be more demanding, and 
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this may lead to frustration.  Those with other disabilities (typically RSI) have 
other options available to them, and may therefore be less willing to commit 
themselves to the learning process involved with speech recognition. 
 
The two disability groups varied in other ways too.  Those with spinal injuries 
tend to be less represented in the 50 and over age group.  They tend to be more 
prominent among those who have had their disability for less than 3 years but 
also in the group who have had their disability for more than 10 years.  They are 
much more likely to be male, with 77.8% of those with spinal injuries being male.  
In other respects the groups did not vary significantly.  Those with spinal injuries 
are slightly less likely to be working, and less likely to have had previous 
computer experience. 
 
Our survey showed a variation in the proportion of those participants with spinal 
injuries having successful outcomes with speech recognition (74.1%) compared 
with those with other disabilities (56.0%).  
 
However gender differences play a large part in this apparent relationship 
between type of disability and success with voice recognition.  For example, males 
with spinal injuries had a success rate of 81% compared with 50% for females;  
males with other disabilities had a success rate of 85.7% compared with 44.4% for 
females.  The apparent differences in user experience based on type of disability 
can almost all be explained in terms of gender differences. 
 
However the study did identify a relationship between level of disability and 
success with voice recognition among those with spinal injuries.  As one might 
expect, those with higher level spinal injuries (C4 and above) had less success 
(62.3%) than those with lower level spinal injuries (84.6%). 
 
Another related variable is length of disability.  Table 12 shows that the longer a 
person has had their disability, the more likely it is that they would have a 
successful experience with speech recognition. 
 
 
 

Table 12:  Period Disabled and Success in Using Speech Recognition 

Length of Disablement Number in Group % with Success 
Up to 3 years 9 44.4 
From 3 up to 10 years 21 71.4 
10 years and over 16 75.0 
From birth 6 50.0 
Total 52  
 
 
However this result too is strongly influenced by gender differences.  The 
relationship holds consistently for males but is less clear for females.  For females 
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those in the 3-10 year group do considerably better than those in the Up to 3 years 
group, but the relationship does not carry to the 10 years and Over group.  
However the numbers in this last group are small.   
 
It is quite likely that the period a person has been disabled is a factor influencing 
success in the use of speech recognition, but our data does not permit a firm 
conclusion on this matter. 
 
 
 
 
6. Funding source 
 
Some users purchased their systems themselves, whereas others had their 
equipment provided by their employer, insurance company or rehabilitation 
organisation.  Does this make a difference?  At first glance it appears as though it  
might.  Nearly all (88.9%) of those who purchased their own voice recognition 
system had success in using it.  Those whose systems were purchased by their 
employers had a lower than average rate of success (50% as against 65.4% for the 
whole group).  Those whose systems were funded by rehabilitation organisations 
had a success rate close to the average (61.1%) whereas those funded by 
insurance companies had a higher rate of success (75%).  
 
However these success rates reflect underlying gender differences.  While the 
high score by those who purchased their own system holds for both sexes, the 
other scores do not.  Systems funded by insurances companies were 
predominantly for male clients, whereas employer sponsored systems were 
mostly for females.  The apparent difference is completely explained by the 
proportion of males and females in each group. 
 
 
 
 
7. Context 
 
Do those who use their system at home fare better than those who use it at work? 
Of those who use their systems at home, 69.4% were successful users.  This group 
had a predominance of people with spinal injuries (76.5% of the group).  By 
comparison, 63.6% of those who used their systems at work used them 
successfully.  All of the people in this group had disabilities which were not the 
result of spinal injuries.  (There were also two people who used their systems 
both at home and at work, both with success.)  As we have already seen, there are 
strong gender differences between the two disability groups, and this factor 
explains the variations observed. 
 
There were five people who used their systems at an educational institution;  only 
one of these used it successfully.  These people were using a shared computer, 
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and there was some suggestion that individuals’ files had been contaminated.  
Opportunities for these people to practise were also limited.  It is difficult to 
generalise from such small numbers, but using a shared computer in an 
education institution would appear to be a less than ideal situation for speech 
recognition.  Rationing access among those who require it may leave some people 
without sufficient time to practise.  Unless special precautions are taken, a shared 
computer can leave an individual’s voice files vulnerable to the careless actions of 
other users. 
 
 
 
 
8. Previous Level of Education 
 
It is difficult to draw firm conclusions regarding the impact of previous levels of 
education on a person’s success in using speech recognition.  The reason for this 
is there are only small numbers of participants at each extreme — those with 
primary school education prior to their injury and those with postgraduate 
university qualifications.  There is not much variation between those who had 
secondary education, college education and university education prior to their 
injuries.  One reason for this is the fact that many people with lower levels of 
education achieved higher levels of education between the time of their injury 
and the time they began to use speech recognition.  For example, 13 of the 19 
participants who had secondary level education at the time of their injury had 
achieved higher qualifications subsequently, three achieving postgraduate 
degrees.  Of the 6 participants with primary level education at the time of their 
injury, 4 had achieved college level qualifications. 
 
If we look at the highest level of education immediately prior to commencing 
with speech recognition, we find that there is still no clear relationship.  We still 
have small numbers at the extremes, and no great variation between those with 
secondary, college or university qualifications. 
 
 
 
9. Computer Power and Memory 
 
There were 48 participants who used IBM type computers and 4 who used 
Macintosh.  However  9 participants (8 IBM and 1 Macintosh) didn’t know what 
processor their computer had.  Of the remaining 40 participants who use IBM-
type computers, there seems to be a difference in experience between those who 
use 486 computers (61.9% success rate) and those who use Pentium class 
computers (84.2% success rate).  This is not surprising, given what we noted 
earlier in this report on the demands which speech recognition makes of the 
computer’s processor. 
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10. Type of Speech System 
 
The vast majority of participants (43) used DragonDictate, leaving little scope in 
this study to compare experiences with different brands of speech recognition.  
Even if such comparisons were possible, it would need to account for the 
different  versions of the major products, as the experience of users is likely to 
vary in this matter as well.  One suspects that the other factors emerging in this 
study would be stronger determinants of success than the brand of speech 
recognition chosen.  There are ample resources available which compare different 
brands of speech recognition.26 
 
One factor which did emerge in the study is that most participants are using 
older versions of their speech recognition systems.  There were 33 participants 
(63.5%) who were not using current versions of their speech recognition software.  
Many of these people were unaware of the existence of later versions.  In some 
cases it was unclear whose responsibility it was to arrange upgrades — the 
employer, the recommending body (rehabilitation organisation or assessment 
centre) the organisation paying for the system, or the supplier.  For many 
involved in this process, the provision of a speech recognition system was seen as 
a one-off item of expenditure rather than as a continuing commitment and cost. 
 
Overall 72.2% of participants said they had not received any follow-up advice on 
upgrades, alternative microphones and new products.  Many were unaware of 
the existence of important devices such as a desktop microphone (which gives 
certain users more independence than the standard headset microphone). 
 
 
 
11. Age 
 
Our study failed to find any relationship between age and successful usage of 
speech recognition.  This applied for both males and females.  Certainly there was 
no indication that younger participants had any more success than older 
participants, a result which may surprise many. 
 
 
 
 
 
 

                                                           
26  Such comparisons are readily available from a variety of sources, including the Internet. See, 
for example: See Scott J., “The Voices of Automation”, Computer Shopper  9/96 
(http://www5.zdnet.com/cshopper/content/9609/cshp0048.html); and 
Mehta D. et al, “Put Words in Your Mouth”, Infoworld 18/40, 30 September 1996 
(http://www.infoworld.com/cgi-bin/displayArchives.pl?dt_iwe40-96_78.htm) 
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12. Year Commenced Using Speech Recognition 
 
It is possible that those who started using speech recognition more recently 
would have greater success in using it.  They would be using later and improved 
versions of the software, as well as having assistance from people who had more 
experience with speech recognition.   
 
The study lends some support to this notion.  Those who started with speech 
recognition in 1996 (or in the case of one participant, 1997) had a more favourable 
experience than those who had started earlier , as can be seen in Table 13.   
 
 
 
Table 13: Year Commenced with Speech Recognition and Success in Using It 

Year Commenced Number of Participants Successful Users % 
1996 or 1997 13 69.2 

1995 25 60.0 
1994 8 50.0 

1993 or earlier 6 100.0 
Total 52  

 
 
This relationship applies to both sexes. 
 
The high success rate for those who started using their system in 1993 or earlier 
probably indicates that these seasoned users have learnt to derive maximum 
benefits from their voice recognition systems.  By this stage they have made a 
considerable investment in time and effort.  This small group comprises equal 
numbers of males and females and equal numbers of spinal injured participants 
and others.  
 
 
 
13. Health Impact 
 
It is possible that the health impact of speech recognition could have a bearing on 
the successful usage of speech recognition.  However there seemed no such link 
in this study, as 14 of the 18 who reported health impacts were successful users.  
This suggests that although speech recognition can have health side-effects, these 
are generally minor.  It is also possible that by the time a person uses a system 
frequently enough to generate health side-effects, they have already become 
committed users and are more likely to put up with these side-effects. 
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Summary 
 
Our study suggests that gender is a major determinant of a person’s success in 
using speech recognition.  Other factors are the amount and quality of training 
received, previous computer experience and expectations.   
 
Some other minor influences were noted.  Those who started with speech 
recognition in 1996-7 do slightly better than those who started in 1994-95.  Level 
of disability is a factor for those with spinal injuries.  There is some indication that 
those who used more powerful processors fared better than those with lesser 
processors.  There is also some indication that length of disability is a factor. 
 
The other variables tested had no discernible impact on the success of 
participants with speech recognition. 
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5: Voice Recognition at Work 
 
Voice recognition, more than any other method of computer access, would seem 
to hold promise for the productive employment of people with physical 
disabilities.  Our study indicates that people who use speech recognition at work 
generally do so with success.  Yet their numbers are quite small.  One feels that 
this potential has yet to be realised.  
 
Even though speech recognition may have the potential to facilitate people with 
disabilities working from home, there is little evidence in this study of this 
occurring.  There were only two participants who were able to do some work 
from home.  There are others who use speech recognition effectively at home, yet 
who use far less productive methods while at work. 
 
There were 22 participants in the study who were working either part time or full 
time.  Ten of these had spinal injuries. 
 
Some problems in using speech recognition at the workplace did emerge in this 
study.  A total of 81.8% of those who used voice recognition at work complained 
of excessive amounts of background noise.  This is one of the main challenges for 
employers in implementing speech recognition at the workplace.  Not only can 
background noise affect the accuracy of the speech recognition process, but the 
user can also disturb other workers unless precautions are undertaken.   
 
Another problem to emerge is that people who use work-based systems have 
little scope to practise outside of work hours. 
 
Very few employers have implemented speech recognition at the workplace.  In 
this study we became aware of two significant experiments with speech 
recognition among Australian employers:  Telecom and the Department of Social 
Security.  Information about these experiences is based on the employers 
themselves rather than on independent analysis.  In a way that is helpful, as it 
gives insight into the way employers evaluate this new technology.  
 
 
 
The Telecom experience 
 
The Telecom Voice Recognition System (VRS) was introduced in an attempt to 
provide alternative employment for telephone operators suffering occupational 
overuse syndrome.  The challenge was to find work for people who were not 
supposed to use their arms in their job.   
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The published study27 was based on 20 randomly-selected staff members who 
were chosen to be part of a pilot study using the VRS which started in 1988.  The 
review took place 18 months later.  Of this group, 5 had resumed full keying 
duties, 5 had resigned and 10 were continuing on an upgraded keying program.  
 
The VRS was produced by VOTAN.  This system was chosen after a trial of six 
different systems.  The system they used relied on direct training of the actual 
words required to run the directory assistance system.  People could substitute 
their own words (and even foreign language words) if they wished, as long as 
they were consistent.  The keyboard was always active, so the person could mix 
their voice recognition with typing.  The operator could switch between talking to 
the caller and talking to the computer via a foot switch. 
 
Each person was given “personalised open-ended training” in the system, and 
this usually took several days.  Supervisors, other staff, unions and rehabilitation 
staff were all involved in the process.  In some cases, where people had been 
away from work for a considerable period, there were problems of adjustment to 
work and the reaction of workmates to contend with.  These possible problems 
were met by allowing all staff at each location to be given an introduction to the 
VRS and by allowing questions and discussion.  Following this training and 
preparation, the staff returned to full time work. 
 
Of the five who resigned, some of the reasons given were boredom with the 
work, changing career and dissatisfaction with the VRS.  In each of these cases 
workers compensation payments ceased. 
 
The paper mentions some of the problems encountered in the program.  There 
were errors where the wrong word was recognised or where no word was 
recognised.  These were found to be mostly the result of incorrect microphone 
placement, or operator errors in the form of incorrect volume or word 
pronunciation which differed from the original training.  Other problems noted in 
the study were excessive environmental noise and the impact of illnesses such as 
colds. 
 
Productivity was estimated to be reduced by one third (in comparison with 
workers using the keyboard) and this caused frustration for some participants. 
 
The study concluded that there were considerable cost savings available from the 
VRS program.  This was mainly due to the reduction in forward liability in 
respect of compensation payments on the part of those employees who resigned, 
plus the savings in not having to retrain new staff to replace those who returned 
to work. 
 

                                                           
27 Jack S. and Lenko S., “Rehabilitation of occupational overuse syndrome in keyboard operators 
using the Voice Recognition System” Journal of Occupational Health and Safety - Australia and 
New Zealand 10/2 1994 pp.151-156 
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The VRS was expanded in the early 1990s to over 50 people and is still 
continuing. 
 
 
 
Department of Social Security 
 
The DSS experience with voice recognition began in 1995 when the Work 
Environment Unit at a regional division investigated this technology for a staff 
member with a physical disability.  DragonDictate was the chosen platform and in 
July 1995 ten staff members with long term arm and hand restrictions were 
selected to use the speech system.  One of these declined to take up this option, 
choosing instead to manage their injury by alternative means. 
 
The implementation took place in three stages.  First, the systems were set up and 
tested.  Next the staff were trained in the use of the system.  This was done in 
groups of three and took 3-5 days for each group.  Training covered the 
DragonDictate software plus DSS input commands.  Finally each system was 
installed at its required location and integrated with the server at each office. 
 
A survey was conducted with eight of the nine users in February 1996.  Of this 
group, three were using the system every day, and two less frequently.  The other 
three were not using it at all, with reasons ranging from frustration with the 
system to finding alternative methods of dealing with their injury.  Out of the 
nine, eight are working full time and one had been retired because of her 
condition. 
 
In terms of positive comments, the survey respondents said “it offers me a way of 
working without risking further injury”, “I am able to do my work without 
anxiety about causing arm and shoulder pain” and “It’s an alternative when I 
have problems managing my injury”.  There were gains from the Department’s 
point of view also:  a dramatic reduction in the cost of incapacity payments and 
the number of days lost through compensation and sick leave.  Many staff 
members were given the opportunity to return to work safely in a way which 
reduced the risk of further injuries or the re-aggravation of existing injuries. 
 
There were problems as well.  Five of the survey respondents found the speech 
system “not easy to use”.  Some complained that the system was not tolerant of 
even minor changes in a person’s voice.  Background noise was another issue to 
be raised;  all of the users work in open plan offices.  A common complaint was 
that the system was “slow”, which is not surprising given the fact that they were 
using the 5,000 word edition of DragonDictate instead of the more common 30,000 
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word edition28.  In spite of these problems, 6 of the 8 respondents said they would 
recommend the system to other staff. 
 
A survey within the Department in October 1996 indicated that there were 32 
staff members using speech recognition systems throughout Australia. 
 
 
Conclusions 
 
The experiences of Telecom and DSS were both inspired by the need to find 
productive employment for people with RSI problems.  From the employer’s 
point of view they provided an avenue for people to return to employment in a 
way which did not aggravate their injuries.  With careful planning, the mix of 
keyboarding and voice entry could be virtually tailored to the needs of the 
individual.  Apart from the welfare of the staff involved, which was a major 
motivation in both cases, there was also the factor that the voice recognition 
system gave the employer a way of testing whether those on compensation leave 
would respond to a genuine avenue of alternative employment.  In so doing it 
offered cost savings to the employer. 
 
Preparation is certainly an important factor for the successful introduction of 
speech recognition systems into a workplace.  This involves a number of key 
elements: 
 
 
! If the person is returning to the workplace after a considerable absence, then 

their reintegration needs to be carefully managed. 
 
! Other staff at the workplace need to be prepared.  They need to be involved, 

informed and supportive of the exercise. 
 
! The work environment may need to be adjusted.  Background noise can be a 

frustration and can interfere with the efficiency of the speech recognition 
system. 

 
 
In implementing the speech recognition system there are further elements of 
good practice: 
 
! Training is essential.  This needs to be detailed and should include exercises 

which closely simulate the actual work of the person concerned. 
 

                                                           
28 The smaller vocabulary system is slower because it has fewer words in the active memory 
(RAM) and must therefore make more frequent calls on the back-up dictionary which is stored on 
the hard drive.   
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! Adequate support needs to be provided, especially when individual users 
are isolated.  The User Group set up by the DSS is a promising example of 
stimulating the sharing of experiences and mutual support. 

 
! Provision needs to be made for future upgrades and new devices.  This 

should be factored into cost estimates and made someone’s responsibility. 
 
! Computer equipment should be optimal rather than minimal.  Speech 

recognition is processor intensive and performance is improved 
considerably when Pentium processors, for example, are used instead of 486 
processors. 

 
! Sufficient time should be allowed for practice.  This can only happen at 

work if that is where the system is based. 
 
! Staff work patterns should incorporate frequent rest periods. 
 
 
One would hope that positive experiences by employers in utilising speech 
recognition technology for existing employees may also inspire greater openness 
to employing new staff with disabilities.  There are many talented and potentially 
productive people with disabilities who could provide a new recruitment source 
for employers.  Flexibility in modern working arrangements, such as teleworking 
in its various forms, may also work in tandem with modern technology in 
opening up new work options for people with disabilities. 
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6: Conclusions 
 
Speech recognition emerged as a computer access option at the beginning of this 
decade.  Although its potential was recognised, indeed anticipated, the early 
systems were thwarted by high cost, slow processors and expensive computer 
memory.  The 1990s have witnessed dramatic developments in computer 
technology, and these changes have been fortuitous for speech recognition.  
Processors have become faster, memory capacity has increased enormously and 
the cost of computer systems has diminished. 
 
The year 1994 saw significant reductions in the cost of speech recognition 
systems, greater competition in this sector of the market and the emergence of 
Windows and Macintosh versions.  It was perhaps the beginning of speech 
recognition as a serious and available option in rehabilitation.  The pattern 
appears to be that a few assessment centres around the country have adopted 
speech recognition as a major access option, whereas many other centres are yet 
to appropriate this new technology.  As a result the penetration of speech 
recognition in this sector has been uneven. 
 
Nevertheless this period since 1994 has permitted the accumulation of experience 
with speech recognition.  This study has attempted to tap into that experience so 
that its lessons may be made available to the wider sector. 
 
Two main conclusions emerge from this study.  First, speech recognition can have 
a very significant impact on the quality of life of those who use it.  Greater 
confidence, participation and independence typically resulted.  Quite a few users 
owe their continuing employment or education to speech recognition.  Over half 
of those who still use the system claim that it has made a “big difference” to their 
lives overall.  The possible gains are high. 
 
But second, there are many others whose experiences with speech recognition 
have been less than satisfactory.  Our analysis has sought to explain this variation 
in experience as being the result of a number of key variables.  These are: 
 
 
• Gender 
Females seem to be at a disadvantage when using speech recognition.  This could 
be a result of the fact that the generally softer female voice is more difficult for the 
speech recognition software to interpret accurately.  This does not mean that 
women cannot use speech recognition systems successfully.  But it may mean a 
longer training process and closer support are required. 
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• Training 
There is a strong relationship between both the amount of training received and 
the quality of training, and the outcomes achieved.   
 
 
• Previous Computer Experience 
While some previous computer experience does not guarantee success with 
speech recognition, it does tip the odds in the user’s favour.  People can be 
overwhelmed by the task of learning about computers, the operating system, 
word processing and then speech recognition all at the same time. 
 
 
• Expectations 
People usually approach speech recognition with expectations.  These 
expectations may have come from the media or from science fiction.  This study 
shows that people with inflated expectations, who were disappointed when 
confronted with real life speech recognition, tended to have a poorer overall 
experience of speech recognition than those who were “pleasantly surprised” 
with speech recognition. 
 
 
 
These findings can be translated into guidelines which may assist those who are 
considering recommending speech recognition for people with disabilities. 
 
 
 
 
 
Guidelines 
 
The process of recommending and implementing speech recognition can pass 
through many channels of responsibility.  There are those who assess a person’s 
needs for computer access;  there are those who fund the purchase of equipment;  
there are those supply the equipment and ancillary services.  Maybe it is because 
this responsibility is passed so frequently that it becomes so difficult later for it to 
be identified.  This problem is exacerbated by the frequent changes in personnel 
and job descriptions which characterise the modern workplace. 
 
We have already discussed the pertinent issues to be considered by an employer.  
But before we come to that stage we must deal with the issue of assessment and 
recommendation.   In the exciting world of new technology it is sometimes easy 
to overlook the fundamentals.  It would be prudent at this stage to re-state some 
of the necessary prerequisites for successful use of speech recognition.  These 
come, not so much from our study, but from some of the previous work done in 
this field: 
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! What is the person trying to achieve? 
 
 Computers enable a person to do many things.  Not everyone wants the 

same outcomes with their computer.  One person may wish simply to 
“dabble”;  another may be interested in graphics;  yet another may wish to 
write university essays or hold down a job.  Speech recognition shines in 
situations where longer written work is required;  it is less useful in other 
circumstances. 

 
 
! Does the person have the necessary skills? 
 
 These include visual skills (to scan the available options), cognitive skills 

and speech skills (speech of sufficient clarity, volume, and consistency). 
 
 
! Is the person sufficiently motivated? 
  
 Speech recognition requires commitment on the part of the user.  There is 

training, error correction and the necessity to deal with the inevitable early 
frustrations. 

 
 
 
Once the person meets these prerequisites, then the attention moves to the 
process of assessment and determination of needs.  Important factors to be 
considered here are: 
 
 
! Does the person have appropriate expectations? 
 
 Popular conceptions of speech recognition owe more to science fiction than 

they do to real life voice recognition technology.  The person’s expectations 
must be brought into line with reality.  It seems much safer to overstate the 
learning curve than to understate it. 

 
 
! Does the person have familiarity with computers? 
 
 Our research has shown that previous computer experience gives the 

person a much greater chance of using their speech recognition system 
successfully.  It is too much to expect that a person will learn about 
computers, the operating system, the application and the speech software, 
all at the same time.  For a person new to computers it may be better for 
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them to learn general computer skills first, before turning to voice 
recognition. 

 
 
! Has provision been made for sufficient training? 
 
 Training appears to be a major determinant of successful usage of speech 

recognition.  At least eight hours of training should be allowed for in most 
cases.  More may be required in the case of females or those with severe 
disabilities.  Less may be required for those who are highly motivated and 
who have extensive prior computer experience.  One recent author argues 
strongly for the importance of training: 

 
 Typical users of speech recognition require 10 to 20 hours of guided practice to 
achieve independent use of a system and can require up to 1 month or more to 
reach their functional use levels.  If initial training is not provided, the user will 
become frustrated and may refuse to continue using the voice recognition 
system.29 

 
The availability of training and support near where the person lives or 
works should be an important factor to consider in making 
recommendations. 

 
 Training should include making the person aware of possible health effects 

of speech recognition and guidance as to precautions which should be 
taken. 

 
 
! Has seating and positioning of equipment been addressed? 
 
 It is important that the user’s workstation be set up properly for their 

needs.  The positioning of equipment such as microphones can be 
extremely important. 

 
 
! Has an alternative system of access been provided for? 
 
 No matter how valuable and exciting a speech recognition system may be, 

it is vital that an alternative system be available should the person be 
unable to access their voice system.  This is not an issue for those who are 
physically able to use a keyboard.  But it is an issue for those with more 
severe disabilities.  Alternatives needs to be planned and provided for. 

 
 Quite a few people will require alternative methods of cursor control.  

While some speech recognition systems do provide for mouse functions to 
be performed by voice, it is a slow and indirect process.  The user may 

                                                           
29 Anson D., op cit., p. 147 
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need guidance in exploring the range of alternative input devices, such as 
trackballs, joysticks, touch pads and head-mounted pointing systems. 

 
 
 
! Has a system of backing up been provided for? 
 
 A person’s voice files will come to embody the user’s cumulative 

experience with the system.  In time they will incorporate years of 
experience.  They are too valuable to be left to the vagaries of hardware 
problems or disasters such as theft.  A simple back-up system is important 
and, in the days of Zip drives and other inexpensive storage options, 
affordable. 

 
 
You will notice that our guidelines do not extend to recommending one speech 
recognition system over another.  The author has used DragonDictate, 
PowerSecretary, Kurzweil Voice and IBM VoiceType.  I have respect for each of these 
programs.  I am confident that the advantages of any one over the others will be 
short-lived as these programs compete to incorporate new features.  That is why 
any preference I may have will be temporary and, in a short time, irrelevant. 
 
 
 
 
 
 
 
 
Graeme W. Smith 
Director 
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