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Abstract:

There are useful low-tech aids for visually impaired people's orientation and mobility as well as for their reading of pictures. However, high-tech aids have been constructed to remedy some of the limitations of these aids. The aim of the paper is to present some examples of such aids and to discuss their potential usefulness for visually impaired seniors. Recently, aids providing guidance for independent travel and for haptic reading of 3D pictures have been developed. No direct investigations of their usefulness for visually impaired seniors have been made, but tentative conclusions can be drawn from some related studies. Interviews with sighted seniors indicate that many seniors are interested in these kinds of devices, and an evaluation of a high-tech orientation aid with participants in the age range of 17-66 years demonstrated no effect of age on the successfulness in its use. Studies directly investigating the usefulness of high-tech aids for visually impaired seniors are needed, but the studies reviewed suggest that seniors with sufficient interest and background skills can be successful users of such aids.

Independent travelling and reading of pictures are important activities difficult to carry out when you are visually impaired. Several technical aids for people with vision problems have been developed to support these activities. The most common of these aids are low-tech, for instance the long cane. In principle it is just a cane with the function of elongating the hand and making available information about the ground and low obstacles in front of the pedestrian. The reasons for its popularity are probably that it is very effective, when used properly, and that it utilises a basic capacity of the human hand to handle tools.

Another example of a low-tech aid is the tactile picture, that is a picture where the patterns within an ordinary picture have been replaced by embossments within a mainly 2D picture to be read with the fingertips. There are relatively sophisticated ways of producing such a picture [1], but when it is read there is no need of special equipment. Also this aid utilises a basic human capacity, this time a skill to discriminate and identify surfaces and objects with the hand. Examples such as the long cane and the tactile picture remind us of the fact that successful aids do not have to be high-tech.

However, there are limitations of the usefulness of the low-tech aids mentioned. Information from the long cane is restricted to the nearest environment and, used in the ordinary way, to the ground and some space close to it and as most up to waist level. Further, the cane does not provide much help for orientation in the larger environment; only some limited information from echoes of the sounds it produces [2].

Picking up information about a scene by exploring a 2D tactile picture with the fingers is a difficult task; concerning 3D aspects some people say that it is an impossible task. The fingers have not the same discriminating abilities (at least in many ways) as the eye and a much lower capacity to get a nearly immediate overview that vision provides.

Limitations in the usefulness of aids such as the long cane and the tactile picture have motivated efforts to develop new aids, including high-tech ones, that suggest solutions to the problems not solved by these low-tech aids. The aim of this paper is to present some examples of such aids and to discuss their potential usefulness for visually impaired seniors.

Aids for Orientation and Mobility without Sight

During the last few decades there have been several efforts to provide the visually impaired pedestrian with travel information not available with the aid of the long cane [3]. The so-called Electronic Travel Aids (ETAs) make available information about near space above waist level; some of them also about the ground and the space below waist level. Some ETAs have TV-cameras that pick up information via ordinary light, other produce ultrasound or laser light which, when reflected, make available information about the environment. However, all these ambitious efforts have been less successful than many had hoped. Even if aids of these kinds are commercially available, the number sold is quite moderate. One important reason for this may be that they are not considered to add very much information to the one obtained from the traditional travel aids, the long cane and the guide dog [4]. They can not effectively replace them, but only give some additional information, restricted to the nearest environment, often just one or two meters, up to 8-10 meters as most. Information about the larger space is still not available without sight (with the exception of some kinds of environmental sounds).

Orientation in well-known areas may not present too much of a problem, but visits to new places are often complicated if vision is not available. It is still most common that a visually impaired traveller is accompanied by a human guide during at least the first visit. To a limited degree tactile maps are available as preparation to a visit to a new area and for updating of information about an area not very often visited. There have been many efforts to make tactile maps easy to use [5], and they are important for many people. However, there is a very limited availability of tactile maps and an often complicated and time-consuming operation to produce a new one, which means that it may not be possible to get one within the time limit wanted.

High-Tech Orientation Aids

The newest technical development related to the travel of visually impaired pedestrians can be called Electronic Orientation Aids (EOAs). As the term indicates they should make available information about orientation, that is the relation between the traveller and a larger environment. They are expected to answer questions such as Where am I?, Where is that important landmark located?, and In what direction should I proceed?. These high-tech aids utilise digital maps from Geographic Information Systems (GISs) and satellite navigation with the help of the Global Positioning Systems (GPS), preferably with its enhancement Differential GPS (DGPS).

There have been two main efforts to construct such aids.  Atlas Speaks and Strider were developed by the firm Arkenstone in the USA and the rights of these aids were recently transferred to SenderoGroup LLC (http://www.beyondsight.com). The MoBIC Travel Aid was constructed by the consortium MoBIC (Mobility of Blind and Elderly Interacting with Computers; http://isgwww.cs.uni-magdeburg.de/~mobic/) in Europe and is under further development by the firm F. H. Papenmeier, Germany. The basic ideas for these two efforts are similar [MoBIC Consortium, 1997; 4; 6;7]: both provide two co-ordinated systems, one for planning with the aid of digital maps before travel and one for satellite guidance during travel.

Before Travel. When using the EOAs, digital maps, for instance from a CD-ROM or from www, are presented to the reader with the aid of a computer. In addition to being available at the screen for visual exploration, it can be explored via the keyboard. This allows also a blind person to get the map information by moving around with keystrokes and listening to the verbal information provided in synthetic speech. The software can suggest a suitable route between a start and a goal a pedestrian wants to travel, and the user can be acquainted with the route by making a virtual walk along it as many time he/she likes. Such walks can make it possible to memorise the route before travel.  

During Travel. The data from the planning session can be transferred to the equipment used during the travel session. This equipment contains a small computer with information about the map and the specific route planned, and it continuously tracks the route taken from satellite information. It informs the traveller via synthetic speech about his/her progress and about any information put into the computer memory, such as street names and landmarks. The user can interact with the device via a keypad. So far, only prototypes of equipment to be used during travel are available.

Aids for Non-Visual Reading of Pictures

The traditional ways of making the content of pictures available for people with vision problems is to provide either a verbal description (in braille or speech) or a tactile picture. These pictures have a long history [8] and much knowledge about how to make them maximally useful for visually impaired people has been collected [1; 5]. However, both remaining problems in their usefulness and the potential use of computers in producing them have motivated efforts for their further development. Here some new ways of presenting picture information will be discussed. They can be divided into those methods that present the 3D information in 2D as the traditional tactile pictures and those that offer a 3D representation of the scene depicted. 

High-Tech Aids Presenting 3D Information in 2-D Pictures 

Many computer-based aids for picture reading by visually handicapped people are based on the idea of presenting a picture as a matrix of tactile point stimuli which is very suitable for computer display. The Optacon is probably the most well-known of these devices. It is mainly intended for reading text, but it can also be used for reading pictures. Unfortunately, the production of this device has recently been discontinued because of competition from the text-to-speech devices. The most recent product of a related kind is the VirTouch Mouse which is a device making possible exploration of a virtual picture with a mouse equipped with three pin matrices on top [9; see also http://www.virtouch.co.il]. It has come onto the market quite recently and has so far, to my knowledge, not been independently evaluated. Another kind of device combines a tactile picture with a touch tablet making audio-tactile information available. A pioneering effort resulted in the NOMAD [10]. When you point to a part of a picture placed on a touch pad auditory information specific for that point is presented. That this kind of information is useful for the reading of tactile maps has been experimentally demonstrated (see, e.g., [11]). A related device was developed by the TACIS project (Tactile-Acoustic Computer Interaction System; see http://www.audiodata.de/e/projekte/index.html). It is presently being further developed and evaluated in the TANDEM project (The TACIS Application with Nordic Design for Education and Mobility; see http://tandem.sih.se).

Information about 3D aspects of a scene can be presented in 2D form in a picture, for instance, as perspective drawing of outlines and textures, the latter kind of information usually called texture gradients. This kind of information is easily picked up when pictures are read by sight which has the remarkable ability to perceive two different things in a picture at the same time: a 2D display and a 3D scene ([12], especially Chapter 15). The haptic sense has not, at least not to the same degree, this ability. However, according to some studies perspective information can be picked up by the fingers. Kennedy [13] stated that perspective outlines can be read tactually and provide 3D information, and Holmes, Hughes & Jansson [14] demonstrated that texture gradients on a surface depicted in 2D can be read and perceived as slanting in 3D. However, it has not yet been shown in how complex pictures such reading can be made correctly. A reasonable assumption is that there are important limitations; haptics can probably not pick up 3D information in as complex pictures as vision can.

High-Tech Aids Presenting 3D Information in Three Dimensions

Nearly all the aids discussed above are essentially presented in 2D (with the exception of the embossment and one-level-elevation of pins forming a pattern within a matrix). There are efforts to approach the presentation of 3D objects by providing several levels of elevation within a matrix of pins [15; 16]; this is true also of the VirTouch Mouse mentioned above which has a smaller number of levels. However, in these two cases the objects are not presented in full 3D.

The emergence of haptic displays means an interesting potential solution for presentation of 3D scenes. A haptic display is a device allowing the user to explore the scene with hand movements in three dimensions. Such a device is a haptic correspondence to the screen for vision and loudspeakers for hearing. For haptic displays objects are defined via a computer as virtual 3D sculptures. The display provides force feedback when its working area is explored by a hand. Users get information similar to what they get when exploring a real object. One of these devices is the Phantom that allows the user to explore the virtual sculpture by following its surface with a finger put into a "thimble" or with a few fingers holding a stylus.

Do Visually Impaired Seniors Need the New High-Tech Devices 
– and are They Interested?

Important questions are, of course, if visually impaired seniors need the new high-tech devices, and if they are interested in using them. It is reasonable to assume that the answers to these questions vary quite a lot between persons, among other things depending on lifestyle and general interests. For people who consider independent travel to be important, aids such as the orientation aids mentioned ought to be of great interest. For people who are interested in 2D or 3D artwork or for whom pictures in general are of significant importance, the potentials of haptic displays can be expected to create interest. For people who got visually impaired relatively late in life, they may make it possible to keep an interest alive in spite of upcoming vision problems.

To my knowledge, these problems have not been investigated especially for visually impaired seniors. However, some indications of an answer may be obtained from studies of other seniors. Bozic & Hill [17] interviewed 14 sighted seniors. Nearly all of them reported that they had visited a new environment during the last month, but about half of the interviewees were reluctant to do so alone. One suggested reason was that travelling in new environment often meant a mental overload, as it is necessary to plan future parts of the route in addition to handle the immediate situation. This interview was followed up by Holmes [18] who interviewed 22 persons in the age range of 66-80 years. They were first given a lecture about age related eye problems and a presentation of the MoBIC Travel Aid. After this they answered a questionnaire and participated in group discussions. A majority indicated a positive attitude to this aid, especially the planning part, even if several of them expressed a view that the use of computers and GPS technology was a fairly science fiction idea for them. A somewhat more mixed result was obtained in a related focus group study in the U.K. comprising nine participants, of which a third were very interested and a third not at all interested [19].

Can the New High-Tech Aids be Useful for Visually Impaired Seniors?

Assuming that there is an interest among visually impaired seniors in the new high-tech aids, are the aids constructed in a way that they can be successfully used by seniors? It can be argued that seniors have not sufficient experience of computers and that the aids require better perceptual and cognitive abilities than seniors are expected to have. Again, there seems to have been no evaluations of the usefulness of such devices specifically directed to visually impaired seniors. However, there have been evaluations of the usefulness of MoBIC for young and middle-aged visually impaired people, from which some tentative conclusions can be drawn for visually impaired seniors.

The Usefulness of MoBIC for Travelling without Sight

In order to evaluate the usefulness of the device the MoBIC consortium made a field study over six months comprising 13 blind participants in the age range of 17-66 years and a median age of 46 years [20]. They took part in one of two cohorts, and most of them participated for three months; one was involved during the whole period. During a thorough training program the participants had a MoBIC device available at home, and they were visited by trainers once a week. After this period the participants took part in semi-structured interviews that were taped and analysed afterwards. Seven of them participated also in intensive evaluation sessions in which they walked two routes during which their performance was measured in several ways.

The analysis of the results demonstrated that there were clear individual differences in the success of using the device. In spite of these differences most participants expressed great enthusiasm about the potentials of the system, particularly the planning part. The differences were related to some background conditions. The most successful participants were all familiar with technology in general, and none of them had any additional disability of importance for their use of the device. They all had also very good mobility skills and were experienced travellers. The less successful participants were less experienced both in the use of technology and in travelling. Some had also some additional disability. However, there were no indications that the success in using the device was related to age. The relevant parameters seemed to be experience in computers and familiarity with technology in general, as well as good travel skills and lack of any other disability than vision problems. It does not seem to be too risky to extrapolate this result to seniors. If the other relevant conditions are fulfilled, age does not seem to be a hindrance.

The Usefulness of the PHANToM for Reading 3D Virtual Scenes without Sight

The main function for haptic displays is to enhance visual (and possibly auditory) displays, for instance, in design work, surgery and computer games [21]. The situation when such a device is used by visually impaired people is radically different from the situation when a visual display is available simultaneously. The reason is that when vision and haptics are available at the same time the exploration with the fingers is guided by sight to a large extent, for instance, in finding the relevant parts of the scene to be explored.

In order to find out the usefulness of the PHANToM for visually impaired people, it is necessary to study the usefulness of the device on its own, that is, without visual guidance. Such investigations are emerging. The possibilities to use the PHANToM in the context of Windows and computer games, among other things, were investigated by Sjöström [22]. Other important potential scenes are architectural models such as those developed by Fänger [23]. There have been experimental studies of the extent to which it is possible to get information from this display alone about textures and 3D form [24; 25; 26]. It was found that virtual textures explored with the Phantom are perceived as very similar to corresponding real textures. Also simple virtual forms can be identified, but not as fast and accurately as real objects explored directly with the fingers. 

A most interesting problem, which has not so far been investigated at all, is to what extent partial sight can be used to guide haptic exploration. Recently, a device has been developed which perceptually co-localises the objects of a virtual scene for both vision and haptics. This allows probably more effective visual guidance of haptic exploration than when they a localised separately, at least if binocular vision is functioning (see http:\\www.reachin.se). Investigations of the usefulness of this double information remain to be done.

In sum, the PHANToM has potentials for being useful for visually impaired people, but to what degree is an open question [24]. As the participants in the studies of the PHANToM were only young persons, it has not yet been demonstrated to what extent age has an effect on its usefulness.

Tentative Conclusions Concerning the Usefulness of High-Tech Devices for Visually Impaired Seniors

The studies reviewed above demonstrate very clearly the existence of large individual differences. The attitude to high-tech aids seems to vary at all ages. There are, irrespective of age, persons who manage to use high-tech aids with success, but there are also persons who lack interest and/or skill in using such aids, or have some additional disability interfering with using it effectively (cf., e.g., [27]). Neither all sighted, nor all visually impaired people can be expected to be successful users of high-tech devices, but age does not seem to be a critical factor. That many visually impaired seniors are interested in assistive devices is well documented also in other contexts [28; 29].

There seems to be no reason to exclude seniors à priori when considering high-tech aids for visually impaired people. Seniors with sufficient interest and background skills can be expected to be successful users. This expectation motivates inclusion of seniors as participants in future evaluations of these aids.
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