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Abstract

There are ways available to make virtual maps readable for people with vision problems. The aim of this paper is to discuss possibilities and problems of two alternatives for reading virtual maps: (1) a haptic mouse and (2) an embossed map placed on a touch pad. For both options tactile, as well as kinaesthetic and auditory information, is provided. Experiments on the usefulness for the task of finding a series of USA states were performed, and they demonstrated that the addition of tactile information, in its respective standard form, did not mean any or only little improvement over kinaesthetic and auditory information alone. In further experiments possible improvements of the tactile information were compared.

It was found that the tactile information for the haptic mouse (the VTPlayer) could be improved by changes in the software rendering the virtual maps. The problems with the use of a computer mouse without visual feedback, probably due to dissimilarities between the movements with which the user moved the mouse and the motions of the cursor in the virtual scene can be reduced by making the two motions more similar.

Continued experiments on the tactile information for the embossed map on a touchpad (the ViewPlus equipment) concerned comparisons between forms produced by the ViewPlus embossment printer and forms obtained by a traditional method with higher spatial resolution (swellpaper). Further, the discriminability of textures produced by the embossment printer was investigated. A tendency for improvement with the swellpaper method was obtained.
The conclusions are that both alternatives have potentials as aids for visually impaired people's reading of virtual maps, but that they can be improved by changes in the tactile information they provide.
Introduction
Tactile (embossed) maps fill an important function for many visually impaired people for both travel planning and geographical knowledge, and there have been several efforts to optimise the construction of such maps (for overviews, see Edman, 1992; Eriksson, Jansson & Strucel, 2003). One important development has been the combination of tactile and auditory information (Parkes, 1988; Burger, Mazurier, Cerano & Sagot, 1993; Lötzsch, 1995). It has been proved that reading of tactile maps is improved with such combinations (e.g., Holmes, Jansson & Jansson, 1996; Holmes, Michel & Raab, 1995).

Virtual maps can also be available for visually impaired people via new technical options, such as a haptic mouse and a touch pads with embossed maps. These options will be discussed here, followed by conclusions about the potentials of giving information from virtual maps to visually impaired persons.
A Haptic Mouse
The device to be discussed here is the VTPlayerTM , developed by VirTouch LTD, Jerusalem (http://www. VirTouch2.com). It is a haptic mouse, somewhat larger than an ordinary computer mouse (13 x 8 x 4 cm) and supplied with tactile information (Fig.1). On its upper surface there are two matrices of 4 x 4 pins (outer size 8 x 8 mm with a distance between them of 14 mm), each intended for one finger and built from two standard 2 x 4 Braille cells. The pins are movable individually up and down with two positions, completely up and completely down. Software developed by Virtouch Ltd, is available for translating the virtual information to tactile as well as auditory form. One of the applications is a virtual map of United States with surrounding seas, lakes and countries. In an experimental study (Jansson & Pedersen, 2005), this map was used for evaluation of the usefulness of the VTPlayer for the reading of virtual maps.
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Figure 1. VTPlayerTM in full and with enlarged tactile matrices (http://www.virtouch2.com).
The virtual map is provided with state borders consisting of lines mainly two pixels wide that can be felt via corresponding pins raised on the tactile matrices, when the user is exploring the map. In addition, there is texture in the form of evenly distributed points within the states, and a tactile wave pattern symbolizing seas and lakes. Auditory information is provided by the name of the state being spoken in English (sampled speech), when the user, after passing a border, enters the state. (The standard software provides also other auditory options including more elaborated descriptions of the state, but they were not utilised in this context.) In addition to this tactile and auditory information the user obtains kinaesthetic information from moving the mouse.
The aim of the experiment was to study if there were any effects on the efficiency (proportion correctly located states and exploration time) of adding the tactile information to the auditory and kinaesthetic information. The participants' task was, blindfolded, to visit a sequence of states within the USA map, the series of states given orally by the experimenter in turn one by one.
The most important result was that the differences between the groups with and without tactile information were not significant. There was not even a tendency in that direction. The addition of tactile information, the main new feature of a haptic mouse, had thus no effect under the conditions of the experiment, a result that was unexpected. It does not mean that the tactile information on its own is useless, but that the other types of information are sufficient and that the addition of tactile information does not mean any improvement in this kind of task.

Informal observations by the experimenter, as well as spontaneous comments by the participants, suggested three potential reasons for the lack of success for the tactile information:

(1) The existence of texture within the states. The texture information within the states may cause confusion about the location of the borders between the states.

(2) The existence of “silent corridors” along the borders. Along the borders there were areas of varying width from which no information was obtained, neither tactile (because the border had been passed, nor auditory (because the name of the state had not yet been presented). Under some circumstances this meant that the user may move a considerable distance within the “corridor” without getting any information.

(3) The lack of correct information from mouse movements about the locations and the motions of the cursor on the virtual map. The motions of the cursor do not completely mirror the movements of the mouse. 

Texture and "silent corridors"
A second experiment (Jansson, Juhasz & Cammilton, 2006) compared the performance in conditions with different combinations of texture/no texture and silent corridors/no silent corridors. Two of the combinations are shown in Fig. 2.
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Figure 2. Two combinations of texture/no texture and silent corridors/no silent corridors. The map to the left has textures within the states and no silent corridors, the one to the right has no texture within the states and silent corridors.

The results demonstrated a significant effect of texture within the states with improved performance when texture was deleted. A reasonable interpretation is that the texture within the states interferes with the border line and causes confusion about the location of the borders.

The width of the corridor had no effect on performance, which was against expectations. The corridors were apparently not disturbing, at least not when they have he same width over the whole map, as in the experimental conditions.

Mouse Problems for Visually Impaired Computer Users

A computer mouse in different versions is a much used pointing device for people without vision problems (Goy, 1988; Shneideman & Plaisant, 2005, pp. 358-407). However, it is difficult to navigate with a mouse without visual feedback about its locations and motions, and it is as well tough to find the direction to a goal without visual information about its location. When the mouse, for instance, is moved in a horizontal path with the mouse not held at a right angle to the path, the motion path of the cursor is oblique in relation to the virtual scene. For visually impaired people unintentional and unnoticed rotations of the mouse mean that the movements of the mouse are not informing correctly about the motions of the cursor. Further, there is usually not a 1:1 relation between the length of movements of the mouse and the motion of the cursor, but a scale difference with a longer path in the virtual context than in the real context. In addition, the mouse can be lifted and get a new relation between the location of the mouse in the real world and that of the cursor in the virtual world. These differences are not severe problems for sighted mouse users, as they get continuous visual feedback about the positions and motions of the cursor. Visually impaired users have not this corrective feedback but have to rely on kinaesthetic information that does not provide completely correct information.
These problems with the information obtained about cursor locations and motions are probable important reasons why the use of mice is not common among visually impaired computer users. The tactile information at the matrices of a haptic mouse is very limited and not sufficient for compensation, even if it has some extension and is not only a single point as many haptic displays. If visually impaired computer users would be able to efficiently utilize a computer mouse some kind of solution to this problem is required. The effects of providing a 1:1 gain relation between the two movements, as well as of eliminating the changes of the orientation of the mouse were studied in a separate experiment (Jansson, Juhasz & Lundin, in preparation). The haptic mouse was built into an arm preventing change of orientation (Fig. 3), and comparisons between restricted and unrestricted mouse orientation, as well as between gain relations between mouse and cursor movements of 1:1 and a more common relation were compared. The results were that there was a tendency to improvement with a 1:1 relation between the movements, but not a significant improvement. Unexpectedly, there was no improvement when the orientation of the mouse was restricted
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 Figure 3. The mouse arm in total (left) and a close up of the mouse inset (right).

Discussion
A haptic mouse, such as the VTPlayerTM, may potentially be a useful aid for non-visual reading of virtual maps. However, it is important to construct the software in a way that is optimal for touch. The general problem of how to use a computer mouse efficiently without visual feedback should also be solved.

Embossed Maps on a Touch Pad

The main aim of this experiment (Jansson, Juhasz & Willner, in preparation) was to investigate the same problem as that studied with the VTPlayer, the usefulness of the tactile component, in a method developed by ViewPlus Technologies Inc, Corvallis, OR, USA (http://www.viewplus.com), which also combines tactile, kinaesthetic and auditory information. What is the usefulness of the tactile component alone in this case? Is the efficiency improved when the kinaesthetic and auditory information is combined with tactile information?
A second aim was to study the effects of amount of tactile information in the meaning of different numbers of fingers used in the ViewPlus option. Earlier experimental evidence concerning this issue differs for 3D objects and 2D maps. There was a significant effect of increasing the number of exploring fingers from one to two in the case of 3D objects (Jansson & Monaci, 2004), but not concerning 2D maps (Jansson & Monaci, 2003).
With the ViewPlus equipment embossed versions of virtual maps are produced that are explored on a touchpad. The equipment includes the IVEO® Creator software suite for making virtual maps, the ViewPlus Cub™ Braille printer for producing embossed maps on paper, and the IVEO Touch Pad designed to combine tactile printouts with synthetic speech produced with IBM ViaVoice software (Fig. 4).
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There were three experimental groups. In two of them tactile information was available onan embossed USA map, which one group was allowed to explore with one finger on 
There were three experimental groups. In two of them tactile information was available on an embossed USA map, which one group was allowed to explore with one finger on one hand only, index or middle finger according to their own choice (the one finger group). A second group could freely choose to use up to all five fingers on one hand (the five fingers group). A third group had a sheet of the same kind as the maps had been embossed on but without embossment (the no-embossment group). The participants in this group were free to use up to all five fingers of the exploring hand. 
The results were that there were no statistically significant differences between the three experimental conditions. This indicates that that neither the kind of tactile information (embossment vs no embossment), nor the number of fingers used (1 vs 5) had any significant effects on the performance in this kind of a task. The latter result is in agreement with the result concerning the VTPlayer mentioned above.

Even if the means of the exploration times in the No-embossment group were not significantly lower than the times in the other two groups, it may be noted that the standard deviation was considerably larger than in the embossment groups. It was noted that most people in the No embossment group found it hard to find the borders between the US states which resulted in more finger pressing on the TouchPad. This may be interpreted such that the kinaesthetic information provided an approximate location of the state, but when trying to find the exact position of the state the embossment information of the state borders may be useful for the detailed exploration. Thus, providing embossment information may be of some help in the exploration task to at least some people.
That the tactile embossed information did not have a significant effect on the performance of the map reading task is surprising, even if it is in accordance with the results in the TVPlayer experiment. A hypothesis is that the tactile information also in the ViewPlus case is not optimal. This hypothesis was studied in new experiments on effects of some special features of the tactile information provided by the ViewPlus equipment (Jansson, Juhasz & Willner, in preparation). The embossment of the ViewPlus maps is produced with a Braille printer, and the spatial resolution is relatively low which causes form deformations of curved and oblique lines. ´Traditional maps, for instance maps embossed on swell paper, have a higher spatial resolution. The low spatial resolution may also effect the discriminability of textures.

In a first experiment identification of countries from their outline form was compared in maps produced with the ViewPlus Braille printer and with a traditional way of producing embossed maps, swellpaper. The maps were obtained from a database called Basic pictures at the Swedish Institute for. Special Needs Education. The task of the participants was to identify European countries presented one by one with either method. The result was that there was a tendency to shorter exploration times for the swell paper group but not a significant difference. There was no significant difference concerning proportions of correct answers.
In a second experiment the discriminability of textures produced by the ViewPlus printer was studied. The textures were produced with a spatial resolution of 20 dots per inch and the variation of textures was obtained by printing points in seven different heights (from about .18 to about .38 mm), corresponding to the standard options of the printer. The participants' task was to discriminate between the textures. The result was that the lower textures can be accurately discriminated, but that the heights between .30 and .38 were often mixed up.
In sum, the ViewPlus tactile information for form identification of counties is as good as that obtained with the same height in swellpaper, but the discrimination of textures is not as good as the number of options suggests.
The VTPlayer and the ViewPlus options compared
A main difference concerning the use of the VTPlayer and the ViewPlus equipment for reading virtual maps is that the virtual maps in the ViewPlus option are presented as embossed maps. Physical map are thus provided for exploration, and in principle this set-up is similar to the older devices described above, but the embossed map is a physical representation of a virtual map. A potential advantage of this is that the tactile information is not restricted to matrices of pins, but information can be picked up in a more natural way via direct contact between the hands and the map. Kinaesthetic information is in both options provided by the movements of the hand, but there are differences between moving the mouse with a hand and moving the hand directly on the map. The auditory information is also similar in the two cases, but differs in how it is initiated. It is produced automatically when the VTPlayer mouse passes the relevant area, but it is obtained in the ViewPlus case when the relevant area is pressed manually. The problems with differences between hand position and position on the virtual map that arise when using the VTPlayer are not present in the ViewPlus case, as only position on the physical map on the touch tablet is involved.
Conclusions


There are potentially useful aids for reading of virtual maps. The results suggest that the kinaesthetic and auditory information from both devices can provide useful information, to which the respective tactile information adds very little or nothing. This is not very surprising, as the tactile information provided by the VTPlayer is presented via two matrices with together not more than 32 pins that does not give a very high resolution, nor very much of overview. However, the efficiency can be improved by changes in the choice of symbols, such as eliminating disturbing textures. The issue with the use of a computer mouse without visual feedback is more problematic, and some modification of hardware and/or software to increase the congruence between mouse movements and cursor motions is highly desirable.

The ViewPlus equipment has an advantage in its presentation of tactile information that is relatively similar to the information obtained in real contexts. However, the results indicate also weaknesses in the tactile information provided. The hardware provides textures that are not as discriminable as they are expected to be.

In sum, further development of the two devices is needed to make them more useful.
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Figure. 4. The IVEO TouchPad (left), the Cub Braille printer (middle), and a tactile printout of the USA map to be placed on the TouchPad (right).
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