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ABSTRACT

The aim was to investigate the potentials of obtaining geographical information from a virtual map with the VTPlayer, a haptic mouse with two matrices of 4x4 pins, one for each of two fingers. The experimental task was to find the location of states on a USA map under two conditions: with or without tactile matrix information. In both cases auditory and kinaesthetic information was available. The result was that the tactile matrix information had no effect. During the study several general problems with a haptic mouse for users deprived of vision were noted. It is, for example, difficult to navigate with a mouse without visual feedback and the tactile information is very limited. In spite of the problems encountered with the haptic mouse and its software, it may be worthwhile to investigate the possibilities of improvements, not the least because of the participants’ enjoyment and expectation of its usefulness. Some possible improvements are discussed. 

INTRODUCTION

Even if tactile (embossed) maps fill an important function for many visually impaired people, they are not as much used as can be wanted. One possible reason is that we have not been able to present the maps optimally for tactile reading. Even if there have been many efforts to optimise the ways of constructing tactile maps [for overviews, see 1, 2], the success has been only moderate. It has often been found that tactile maps are difficult to read and that the results of reading are incorrect in many cases. Sometimes visually impaired people give up trying to read because of the difficulties. New ways of presenting map information in non-visual forms by utilizing modern technology have been suggested, for instance, with a tactile map put on a touch tablet to provide both tactile and auditory information, the first one being the NOMAD [3], and later example being TACTISON [4] and the dialogue system AUDIO-TOUCH [5]. That the reading of tactile maps is improved with the combined perceptual information has been experimentally proven [e.g., in 6 and 7]. Another combination of auditory and tactile information is the haptic mouse. The aim of this study was to evaluate such a device used without vision.
THE VTPLAYERTM

The VTPlayerTM (Figure 1), developed by Virtouch LTD, Jerusalem (http://www.virtouch2.com) is a haptic mouse with two matrices of individually up-and-down movable 4x4 pins, one matrix for each of two fingers. It is a little bigger than standard computer mice (13 x 8 x 4 cm) and has an optical sensor. The company has developed several software products for the mouse. For the present evaluation a map of United States with the surrounding seas, lakes and countries was used. The virtual map is shown on the computer screen with a two point width state borders that can also be felt at the pin matrices when the user is exploring the map, In addition there is a texture in the form of points within the states, similar for all of them and a tactile wave pattern to mark larger water areas. Auditory information is provided by the name of the state being spoken in English (sampled speech) when the user after passing a boarder enters the state. (The standard software provides also other auditory options including further descriptions of the state, but they were not utilised in the present context.)
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Figure 1. VTPlayerTM in full and with enlarged tactile matrices (http://www.virtouch2.com).

EXPERIMENTAL PROBLEMS

The total situation when using a haptic mouse includes auditory as well as two kinds of haptic information, the one obtained from kinaesthesis by moving the mouse and the one obtained from the tactile information obtained via the two matrices of pins. The problem studied was the effect of the tactile information. Is there an enhancement provided by this information compared with a situation with only kinaesthetic and auditory information? The latter case is thus a mouse providing kinaesthetic information when moved combined with auditory information but without tactile matrices.

DESIGN

Two groups of participants were recruited, one sighted and one visually impaired. Each of the groups was randomly divided into two subgroups, one to be given tactile information and the other no such information. The subgroups were closely similar in number, but not exactly because of practical problems with availability and falling off of intended participants.

EXPERIMENTAL PROCEDURE

The participants were sitting with blindfold at a table with only the haptic mouse on a mousepad. The height of the participant’s chair was adapted to provide the participant a convenient grasp of the mouse. The experimenter with the computer and a stopwatch was sitting just opposite at the table.

The participant chose left or right hand for the mouse according to own judgement about handedness (all except one sighted woman choose their right hand) and was given oral instruction about the task as well as about the haptic mouse. In order to get some information about their pre-knowledge about the states, they were asked to tell the states they knew and could locate within the US, and the number was noted. Information about the map was provided orally by the VTPlayerTM software program. As a preparation, the participants were asked to move the mouse around, those in the tactile information group keeping one finger on each of the two tactile matrices, and those in the no-tactile information group keeping two fingers at the locations of the matrices that in their case were covered such that no tactile information was available. In the tactile group this meant experience of the tactile and kinaesthetic information during moving the mouse around, in the no-tactile group it meant a kinaesthetic experience only.

The participants were then informed about the experimental procedure. Their task was to find a sequence of states. They were informed about the sequence of states one at a time by the experimenter and asked to move to each state without unnecessary delay, guided by the haptic mouse (with or without tactile information) and the spoken names of the states. The starting point was the north-east corner of the map. They were asked to stop as soon as they heard the name of the goal state spoken. They were then asked about the direction in which they had moved from the earlier state; the answer to be given in one of eight categories: south, west, north, east or the four intermediate directions. They were also asked to judge their confidence in percent about the answer, 100 meaning complete certainty, 0 total guessing and numbers in between different degrees of certainty. They were suggested to choose in 10 percent steps. The experimenter noted the time for each exploration and the participants’ answers. All participants, also the visually impaired, were blindfolded in order to avoid any visual information.

After the experiment the participants were asked, among other things, to judge the difficulty and enjoyment of the task.

There were two orders of 15 states (Figure 2) and their reversals, thus four orders in total. The orders were quasi-random among all available states; smaller states were excluded and states with clear internal directions according to the eight categories were chosen. One of the four orders was randomly presented to each of the participants.

PARTICIPANTS
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Twenty-two sighted and seven severely visually impaired people (all Braille readers) participated. Of the former group eight were men and 14 women aged between 20 and 35 years (M = 25 years); of the latter group seven were men and one woman with an age between 25 and 53 years (M = 36 years). All participants were either paid or took part as a course requirement.. Only two participants, both visually impaired, had any experience of a haptic mouse, and that was in a limited extent.

Figure 2. The two series of states used together with their reversals. 

RESULTS

The results are presented in Table 1. For each participant the means of the 14 movement times between the states were calculated; the times from the starting point to the first state were thus not included. In the experiment there was no upper limit for exploration time, but in the analysis times above 240 sec were given this value. The means and standard deviations of the individual means were calculated for each group of participants (tactile/no-tactile information, sighted/visually impaired, and men/women). The differences between respective groups were compared by two-tailed t-tests (p < .05). Deviations of the judged directions from the correct directions from previous state were calculated in a similar way. The scale had five values depending on degree of deviation: 0 = correct judgement; 1 = one deviation among the optional answers given, for instance, south-east instead of east; 2, 3 and 4 = respective grades of deviation, 4 meaning completely opposite direction. Finally, judgements of confidence were calculated in the same way. Only the difference between men and women concerning deviations from correct directions was significant (p < .05).

The Pearson product-moment correlations were calculated between all individual measures of pre-knowledge (number of states reported before the experiment) and corresponding dependent variables. There were significant (p < .05) correlations with all three variables, -.56 for exploration time, -.44 for deviation values and -.50 for confidence. Thus, the better pre-knowledge, the shorter exploration time, the less deviation and the more confidence.

The alternative answers to the question about difficulty were Very difficult, Difficult, Easy and Very easy. Twenty-four of the 29 participants (83 %) found the task very difficult or difficult. The options for the question about enjoyment were Very amusing, Amusing, Boring and Very boring. Twenty-one of the participants (72 %) found the task Very amusing or Amusing. The options for the question about the judged usefulness of the device were Very useful, Useful, not very useful and Not at all useful. Twenty-two of the participants (76 %) judged it to be Very useful or Useful.

Table 1. Means and Standard Deviations of the individual means of Exploration times (sec), Deviations of judged directions from correct directions (points according to rules in the test, between 0 and 4), and judgements of confidence (percent) for different groups of participants.

	 
	
	Exploration

times (sec.)
	Deviations from

correct direction

(points)
	Confidence

(percent)

	
	N
	M
	SD
	M
	SD
	M
	SD

	Tactile/No tactile information
	Tactile
	16
	76
	27
	.58
	.27
	64
	12

	
	No-tactile
	13
	64
	23
	.52
	.20
	69
	14

	Sighted/Visually impaired
	Sighted
	22
	68
	27
	.54
	.25
	65
	12

	
	Visually impaired
	7
	79
	19
	.60
	.21
	72
	13

	Men/Women
	Men
	14
	73
	26
	.45
	19
	70
	13

	
	Women
	15
	68
	26
	.64
	.25
	63
	12


DISCUSSION

No Effect of Tactile Information in the Present Context

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 adding of the tactile information does not seem to have any effect under the conditions of the experiment. The deviations of judged directions from correct directions showed the same result, but there was a slight (not significant) tendency to an increase in confidence with the addition of the tactile information. This result suggests that the information used by the participants was mainly the kinaesthetic and auditory information.

The Importance of Exercise

It should be noted that the task was new to the participants. Better results can be expected in general with exercise, not the least as the situation is rather special. In the context of haptic displays, it has been shown that also rather moderate exercise can result in significant improvements [8]. Careful planning of the exercise to make map reading successful is important [9]. However, if this would mean a significant difference between the Tactile and the No-tactile condition is uncertain. How the exercise would best be carried out is an important problem for further investigations of the potentials of the haptic mouse.

Mouse Problems in General for Visually Impaired Computer Users

There are several conditions that may mean problems with the use of a haptic mouse for users deprived of vision. During the study several such problems were noted. It is difficult to navigate with a mouse without visual feedback about its location and visual information about the location of the goal. The information at the matrices is very limited in comparison with the one available for bare fingers on a tactile map. Further, the relation between the movements of the mouse and those of its representation on the virtual map is not one-to-one, but is complicated by the necessity of lifting the mouse sometimes and effects of unintentional rotation of the mouse. The cursor moves differently when it is held perpendicularly to the movement path then when it is held obliquely. The latter effects are hardly any problem for sighted people, as they have continuous visual feedback about the movements of the cursor on the screen. For visually impaired people unintentional and unnoticed rotations of the mouse mean that the real movements of the cursor are not perceived correctly from the movements they perceive the mouse. This may be a main reason why the use of a mouse is not common among visually impaired computer users. Frequent use of mice by visually impaired people requires some kind of solution to this problem.

Problems with Silent Areas on the Map

Some special problems with the software used were also noted. The auditory information about a state name is given only at some distance from the borders, which provides silent areas near the borders with neither haptic, nor auditory information. This means that the user sometimes may move long distances without any significant information. A new experiment in progress investigates, among other things, the effect of decreasing the silent areas.

Participants’ Enjoyment and Expectations about Usefulness

A majority of the participants found the task difficult but amusing, and they expected the method to be potentially useful. A similar general conclusion was drawn in another study of the VTPlayer used for reading of maps over the interior of buildings [10]. Therefore, in spite of the problems encountered with the mouse and its software, it may be worthwhile to investigate the potentials of improvements. In addition to a decrease of the silent areas and proper exercise just mentioned, some system for facilitation of experiencing the location of the mouse within the map, for instance, by some kind of reference points or lines [cf. 11] might be useful.

Comparisons Between Different Audio-Tactile Devices

An interesting more general problem is the usefulness of the haptic mouse compared with other audio-haptic devices [12], such as touch tablets mentioned in the introduction, and haptic displays, such as the GRAB display used for maps [13]. Even if they share the combination of auditory and haptic information, the tactile information is quite different. The haptic mouse has matrices of point stimuli and the haptic displays have usually one or a few point stimuli, while the touch tablet provides the rich tactile information obtained with up to ten fingers. The latter information is very important for the usefulness in many virtual contexts [14]. What this difference in tactile information means for map reading is an important problem for future investigations.
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