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ABSTRACT


The Centre of Excellence for Students who are Deaf and Hard of Hearing (the Centre) has identified a number of barriers to learning faced by students who are deaf and hard of hearing in the Vocational Education and Training (VET) sector, including a chronic shortage of Auslan-English interpreters – especially in regional and rural areas.

Building on earlier projects, research was conducted in 2007 and again in 2008 to determine if Video Remote Interpreting (VRI) and Live Remote Captioning (LRC) could be used to improve access to VET for deaf and hard of hearing students, and to determine what is required to implement these services.

A number of trials were conducted in both contrived and real learning environments in TAFE. Various technologies were evaluated with deaf and hard of hearing students, as well as with interpreters, captioners and teachers.

Both LRC and VRI – with a number of caveats and conditions – are feasible for use in VET and have the potential to improve access for students who are deaf and hard of hearing (DHH). Factors which influence the efficacy of VRI/LRC include the class size, amount of group discussion, environmental conditions, the speed and reliability of an internet connection and access to the required equipment. LRC also works best with DHH students who communicate using spoken English.
1. INTRODUCTION

The disadvantage faced by deaf and hard of hearing (DHH) learners is clear: rates of participation in postsecondary education are low when compared to their hearing peers (Willoughby 2008), and relatively few have postsecondary qualifications. DHH students face a number of challenges in accessing vocational education and training (Clark 2007).
In Australia, attempts to improve access for this group of learners in postsecondary education have focused largely on the provision of sign language interpreters and notetakers, beginning in the late 1980s. Legislation – specifically the Commonwealth Disability Discrimination Act (1995) and the Commonwealth Disability Standards for Education (2005) – have further propelled these developments by requiring that educators provide access to DHH students on an equal basis to other students.
However, access for deaf and hard of hearing students is still far from complete: some do not use Auslan (Australian Sign Language), and may obtain incomplete information in class through lip reading, using residual hearing, and notetakers. In addition, those students that do use Auslan and benefit from interpreters often find their access is compromised due to a chronic shortage of professionals, particularly in rural and regional areas (Clark 2007). This issue, as well as the rising costs of providing such services, has prompted governments and educators to look for technological solutions.
With funding secured from Skills Victoria, the Centre conducted two parallel research projects into technologies that may improve access to classroom discourse for DHH students. These technologies aim to deliver Auslan interpreting and speech-to-text services from a remote location, via the internet. Both projects were undertaken in two stages: firstly, to identify viable technical models for VRI and LRC in VET, and secondly, to conduct trials of these models in contrived and real-life TAFE learning environments with DHH students.
2. VIDEO REMOTE INTERPRETING
2.1 Background

In many ways the advent of high-speed internet and new video technologies has enabled a communication revolution for deaf and hard of hearing people, especially for those who use Auslan. Deaf people who have access to a fast reliable connection to the internet in the home are already using computers and webcams to chat to one another all over the world.
Following from projects in 2005 (Clark 2006), the Centre initiated a Video Remote Interpreting (VRI) project in 2007 and again in 2008 to explore how these technologies might be used to improve access to VET learning for DHH students – in particular, students outside the metropolitan Melbourne area who commonly do not have sufficient access to Auslan interpreting services.
2.2 Methodology

Phase 1: Identify appropriate technology for VRI in VET.  In consultation with TAFE educators, a variety of learning environments common in VET were identified. Associated challenges for implementing VRI in each of these settings were explored and possible technical solutions mooted.
Pre-existing models of VRI were identified via a literature review of videoconferencing and VRI materials, and correspondence with VRI providers and videoconferencing specialists.

Various platforms for delivering live two-way video communication were identified. Two of these models were selected to road-test. Based on the road-tests, a single technological set-up was selected to trial in a real-life VET learning situation.

Phase 2: Trial VRI in a real-life VET learning environment. Trials were conducted between NMIT Preston campus and a regional dual-sector TAFE institute which is two hours from Melbourne. This institute has faced difficulty securing Auslan interpreters, and on a number of occasions has paid for interpreters to travel from Melbourne, costing thousands of dollars over the course of the academic year.
Trial participants included a student, teacher, interpreter, Disability Liaison Officer (DLO) and a Regional Disability Liaison Officer (RDLO) who is also a deaf Auslan user. All evaluated the VRI experience at completion of the trials.

While a TAFE classroom setting was found to be the most common VET learning environment, such a setting presents particular challenges such as delivering adequate audio from a group of students to the interpreter. In order to minimise the number of variables in the VRI trial, it was decided to allow the LRC project to explore the audio issue, and limit the VRI trial to a one-to-one tutorial environment. The logical extension would be to trial VRI using the same technology in a multiple-student TAFE learning environment such as a classroom, studio, or worksite.
2.3 Findings

2.3.1 Phase 1: Identify a system for providing VRI in VET
Equipment

VRI is well established overseas and several models exist. Technologies currently used for live two-way video communication include:
· Specialised videoconferencing equipment

· Personal computer with a webcam

· Set-top device with a camera that connects to a television and a modem

· Stand-alone (fixed-line) videophone
· Mobile phone (3G and video enabled)
The first two of these were selected to test as they were deemed to be more accessible to VET providers, and both have a track record with VRI in education. They were tested for their capacity to convey sign language communication, with performance measured in terms of the frequency and severity of image degradation.
It was found that a Macintosh home computer (iMac) using the free iChat program performed better than a high-end videoconferencing unit (Polycom) under identical conditions. The iMac was also the better option in regard to portability and ease of set-up – two issues that were identified by the initial testing into VRI by the Centre in 2007 as critical to the success of VRI in VET. Additionally, an iMac is a fraction of the cost of the Polycom videoconferencing unit.
However, both systems are certainly workable, and the Polycom system can be run on a laptop computer with a webcam, making it equally portable in the classroom environment. Indeed, this set-up is currently used by the University of Wisconsin-Milwaukee for VRI.
Bandwidth

The channel that connects the two video endpoints can be a dedicated ISDN line, a closed network (Virtual Private Network), or the public internet. While the former two options are more reliable, they are also expensive and were excluded from the trial. Most TAFE institutes already have access to the public internet, and while data flow on the internet can be variable, it appears to be approaching an adequate standard to act as a channel for VRI.
A number of published guidelines suggest a minimum data rate of either 256 kbps (Sprint 2008), 384 kbps (CNICE 2004) or 512 kbps (Parton 2005). The Centre's tests indicated that a significant bandwidth overhead may be required when using the public internet in order to provide a consistent and stable connection at the above data rates. It was found that sign language interpreting was easily comprehensible when around 1000 kbps was available as throughput in both directions (up/down) at both ends of the video call.
Of the four regional and rural Victorian TAFE institutes who responded to the Centre's survey, all should be able to meet this minimum bandwidth requirement – especially if they implement a "Quality of Service" scheme to prioritise video traffic on their network. Certainly, dual-sector institutes and universities have capacities that are more than ample for VRI. Of note here is the recent Victorian government announcement of a $20 million broadband upgrade for regional and rural TAFE institutes (Skills for Victoria Policy, Victorian Department of Industry, Inoovation and Regional Development  2008).
However, bandwidth is not the only technical challenge for VET. Network configuration of video technology can be complicated and is often outside the expertise of IT technicians. Additionally, not all TAFE classrooms have internet ports installed.
2.3.2 Phase 2: Trial
The feedback from participants regarding the trial was remarkably similar. All see VRI as a satisfactory and appropriate Auslan interpreting service option. 

The video image was of a quality such that neither the student nor the interpreter faced difficulty in comprehension during the trials. One participant compared it favourably to other basic webcam video conferencing he had used previously. The tutorial sessions were 30-45 minutes long and all participants were confident that it could be conducted over extended periods (2 hours) with occasional short breaks, indicating that fatigue would not be a concern. There were minor concerns with some technical issues, namely audio levels which were inadequate initially but were subsequently adjusted to a satisfactory level. There were also intermittent audio dropouts lasting a fraction of a second, similar to what is occasionally experienced in mobile phone communication, but this rarely interfered with comprehension. 

Whilst VRI may be a workable alternative to on-site interpreting, the conditions under which it is conducted are clearly different. It was reported that the technology was conspicuous and occasionally distracting, with attention sometimes diverted to adjusting volume or optimising seating arrangements. A lack of familiarity with the mode of communication was also cited as creating a feeling of awkwardness.

It is clear that the human factor had an enormous impact on the participants’ experience.  All participants commented on the need for ‘warming’ to VRI and that sometimes the communication was ‘a bit disjointed’. The off-site nature of VRI and its impact on communication dynamics presents challenges for participants. For example, subtleties in body language and eye contact were not conveyed as naturally over video. After a period, the communication seemed to establish a flow as participants began to adjust to the different conditions of VRI. It was suggested that an orientation for participants would be conducive to establishing rapport. As VRI is used extensively in North America and Europe, guidelines for the effective use of VRI in educational settings have already been established (Riehl 2005).
3. REAL-TIME CAPTIONING SERVICES
3.1 Background
Phrases such as "real-time speech-to-text", "live captioning" and "computer-aided real-time transcription" denote a process of converting the spoken word to text on a screen in a nearly instantaneous fashion. Such a process has enabled DHH people to access the spoken language content of many live and unscripted television programs since the late 1990s in Australia. The use of live captions in education in Victoria began around 2005 within the university sector. There are presently at least three universities who provide live text for lectures and occasionally tutorials with DHH students. Elsewhere, the practice has a much older history and is already well established; in the United States, real-time speech-to-text in education dates back to 1982 (Stinson et al 1999).
The Centre initiated a Live Remote Captioning (LRC) project in 2008 to explore how LRC might be used with DHH students in a VET context in Victoria.
3.2 Methodology
Phase 1: Identify appropriate technology for LRC in VET. As with VRI, this was explored through research into pre-existing models overseas, consultation with audio conferencing specialists, and comparison of various systems for cost, ease of set-up, and portability – key issues for Victorian VET applications. Two systems were explored in detail, from which one was selected to trial in a real-life setting.
Phase 2: Trial LRC in a real-life VET learning environment. Three different 3-hour classes were selected for the trial, representing typical TAFE settings. Key variables were able to be contrasted: large vs. small class sizes and the differing communication methods of the students, signed/Auslan vs. spoken/English.
Table 1: LRC Trial Settings

	Student
	Main language
	NRS

literacy level

	Support
	No. of students
	Discourse style

	A
	Signed/Auslan
	3
	2 interpreters, 
1 notetaker
	20
	· Simultaneous small conversations

· Some instruction

· One-on-one with teacher

	B
	Spoken/English
	5
	1 notetaker
	13
	· Instruction with comments from students throughout

	C
	Spoken/English
	5
	1 notetaker
	7
	· Instruction

· Class discussion


3.3 Findings
3.3.1 Phase 1: Identify a system for providing LRC in VET
While live remote captioning of university lectures has been demonstrated to be effective, VET learning presents a number of additional challenges. A lecture is essentially a monologue, and by placing a microphone on the lecturer, clear audio can be delivered to the transcriber, allowing the entire lesson to be captioned. A TAFE class, on the other hand, is typically much more interactive and involves group discussion. Such an environment presents challenges that are both technical (getting clear audio to the steno-captioner) and human – the student cannot easily contribute comments or ask questions unless they are able to communicate effectively using spoken Englishorally. Additionally, the English language may pose a barrier to some DHH students, many of whom face English literacy challenges. Lastly and perhaps most significantly, the cost of providing LRC may be prohibitive for VET providers costing under $1,000 for a 3-hour class.
Speech-to-text systems
In Australia, the few companies who offer live captioning services use a stenographic method which requires a highly skilled steno-captioner who is able to type at the rate of speech (200 words per minute) using a specialised phonetic keyboard. The phonetic transcript produced is converted in real-time to English text by a computer program with a stored dictionary.
Perhaps the most significant finding of this project is the existence of alternative speech-to-text services in use in education overseas. These methods use easily accessible equipment, and operators require comparatively minimal training, making them more affordable – the cost is reported as somewhere between that of a notetaker and that of an interpreter. Such systems include C-Print or Typewell, which consist of computer programs that make use of a word abbreviation system to enable a higher word-per-minute typing rate. More recently they can also incorporate automatic speech recognition software trained to an operator's voice and an operator who "re-speaks" whatever is said in the classroom. These systems are widespread in the United States of America but are not yet in use in Australia.
Any of the real-time speech-to-text services above can be performed either by a steno-captioner or equipment operator who is either present in the learning environment, or remotely off-site and listening via an audio link such as a telephone call. For both scenarios, the text created is then sent back to the classroom via the internet. Although our research focussed on remote services, on-site transcription may be more effective and would eliminate the audio challenges mentioned above. 
Equipment
To accommodate the diverse discourse styles in VET, two systems were identified. The first consists of a "hybrid" device that connects to a telephone line, and a set of wireless microphones:

· "Boundary" microphones which can be placed on tables 

· A hand-held microphone which can be passed around

· A lapel microphone which can be worn by the teacher

Such a system is fairly portable, and should be able to accommodate a range of settings, including a large class or seminar.

The second system consists of two wireless microphone "pods" which can be easily placed on tables, and a "base station" or receiver which connects to an analogue telephone line. For further trials, this was selected over the previous system primarily for portability and ease of set up, which were identified as key components of an effective system for a TAFE learning environment. In addition, this unit may be more affordable for educators. However, the audio quality is likely to be inferior.

While this project aimed to explore systems that would give access to the words of all members of a class, it should be noted that for students who do not use interpreters in class, even a single lapel microphone on the teacher would significantly improve their access to classroom discourse.

3.3.2 Phase 2: Trial
Initially, it was extremely difficult to identify willing student participants who use Auslan, while several students who are hard of hearing and communicate using speech were enthusiastic. Some class teachers also expressed reservations, including concerns about having a written record of their class.

It was found that the wireless dual conference phone system was able to accommodate the classes of students B and C but not that of student A (see Table 1above), whose large class size and constant sidebar conversations made it impossible for the remote steno-captioner to hear the class well enough to produce high quality captions. In the classes of students B and C, the captioner also struggled to hear at times due to background noise (such as keyboard tapping and paper shuffling), softly-spoken students, or poor placement of the pods.
For the equipment to be effective, the following environmental conditions were determined:

· A quiet room
· A small or medium size class (up to approximately 14 students)
· Seating arranged in a U-shape
· Teacher controlling turn-taking so that only one person speaks at a time
· Optimal placement of microphones (closer to students than teachers)
Errors
There was significant variation in the error rate of the captions. In the best case, the rate of non-trivial errors was about 1% of the overall transcript. At an average speaking rate of 150 words-per-minute, this amounts to 1.5 errors per minute. However, in most classes the error rate was higher, which could severely impact on the student's learning. 
Factors which influence the error rate include:
· the steno-captioner's skill and subject knowledge, 
· the completeness of a preparatory wordlist, 
· the discourse style (such as a single person speaking at a time), 
· the ability for the steno-captioner to hear speech clearly (due to room acoustics, background noise, the pace, accent, and clarity of voices).
Participant feedback
All three student participants rated LRC positively and all three preferred LRC to a notetaker. Students B and C would like to continue to have LRC in their class, but student A, whose class was not able to be captioned well and who already has interpreters, would not.

Students B and C felt they understood more of the class with LRC and also felt themselves to be more "a part of the class". These two students indicated that without LRC they typically miss a large amount of what is spoken in class, especially from discussions. They also both found the effort of trying to lip-read and follow information in class to be exhausting, and found reliance on notetakers to be frustrating.
All three students noticed errors in the captions. Students A and C found these errors impacted significantly on their comprehension of class content, while student B was able to make sense of the text despite the errors..
It was difficult to assess the impact of students' literacy on the benefit they may receive from captioning, as the student with a NRS literacy level of 3 was also in a class that was not successfully captioned due to environmental (noise and discourse) factors.
Student B wrote: "[live captioning] opened a new world in communication between the teacher, students and myself… Reading my notes became very exciting and I had butterflies as I know with captions the teacher will get even better quality of work from me with assignments."
4. CONCLUSION
It appears that both LRC and VRI can enhance access for DHH students in VET.
There will not be a "one size fits all" technological solution for remote services, given the diverse conditions of VET learning. Likewise, the variety of student needs necessitate a variety of service options. Real-time speech-to-text services have enormous potential, especially for those students who do not use Auslan – and therefore cannot use interpreters – but instead communicate using speech, and are able to ask questions and make comments accordingly.
At this point in time, the biggest challenge in implementing LRC within Victorian TAFE institutes will be the cost. With TAFE disability support budgets already stretched, it seems unlikely that institutes will be enthusiastic about steno-captioning. Keyboard-based speech-to-text systems appear promising as an affordable alternative and warrant further exploration in an Australian context. Potentially this could involve retraining for notetakers, who are already providing a kind of on-site transcription service.
If pursued by educators, VRI stands to significantly increase the availability of Auslan interpreters and therefore access to VET learning for DHH students. Further investigation is needed into the application of VRI in classroom environments.
As VRI begins to emerge in other sectors, its use in education seems inevitable, alongside the ongoing development of internet capacities in Victoria. Bandwidth and coverage of 3G mobile wireless internet is likewise rapidly growing, and 3G services may enable students to connect directly to the internet without relying on the presence of network ports and complicated configuration at institutes, expanding the potential reach of both VRI and LRC.
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� The National Reporting System (NRS) is a nationally recognised mechanism for reporting outcomes of adult english language, literacy and numeracy programmes. There are 5 levels, with 5 representing the highest level of literacy.
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