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Abstract:

Two talking route systems were tested as a way-finding aid in an indoor environment by 25 visually impaired people. Blind Orientation System (BOS) is a system with talking sign posts that point to a selection of destinations; Easy Walker (EW) is a talking route system that guides the user to a pre-entered destination. Both systems make use of ceiling-mounted beacons with infra-red communication with the personal receivers. The number of times that additional information was needed or correction was given with the use of the BOS was about 3 times higher than with EW. Appreciation of the use of the systems scored in favour of EW by all subjects. The subjects in our population would prefer to use the EW system at a future visit to the hospital above a route explanation at the information desk.

Abbreviations:

ETA: electronic travel aid

VIP: visually impaired person

EW: Easy Walker system

BOS: Blind Orientation System

GPS: Global Positioning System

IR: infra-red radiation

Introduction

Mobility of visually impaired people (VIPs) can be considered as a combination of the ability to orient, to navigate, and of the self-confidence in doing so. Though these concepts have some overlap, for the moment we loosely define orientation as the ability to know one’s position and that of nearby goals, and navigation as the ability to move around safely. Mobility is the ability to find one’s way in daily practice and the trust and self-confidence to accomplish that task safely [1].

There are several ways of providing the positional and directional information. Regular signs and information tablets have to be read and are not appropriate for a large class of VIPs. Alternatives might be a system of beacons and personal receivers. Three categories are distinguished. They can inform the user about: the position where the receiver is: a talking street name sign (category I); the directions of a number of destinations: a talking sign post (category II); the direction of the destination as defined by the user: a talking route system (category III). Talking Signs was designed in 1979 and is a combination of category I and II systems that can be used out- and indoors [2] and is in use in many test projects in cities and stations[3]. The Talking Signs transmitters continuously transmit infra-red light to the hand-held receiver of the user. Other trials aim on the use of the satellite based Global Positioning System (GPS), inductive loops, electronic maps, tactile maps, etc.[4, 5, 6, 7, 8, 9]. Most systems are talking signs that provide information about the actual location (category I) or the destinations in the various directions (category II). Recently, in The Netherlands a category III system was developed.

To compare the functionality of this new system with a category II system we designed a study in a complex system of corridors in our hospital. We assessed the ease of use to cover various routes with the use of the systems. After the use of the systems by the visually impaired subjects we evaluated their opinion about the systems[10]. The study is only intended to compare these two modalities of route information. Future experiments should assess the functionality for different categories of VIPs and during prolonged use of the systems.

Material and Methods

Subjects

Twenty five visually impaired subjects (10 female, 15 male; mean age 48 year, range 20-64) applied as volunteer for the study. The interest of most of them for participation in the experiment was attracted by regional mobility co-ordinators of the Dutch Society for Blind and Visually Impaired People (NVBS). Visual acuity of the subjects ranged from 0 to 0.4 and contrast sensitivity from 0 to 50. Age was between 20 - 64. Subjects were tested one at a time. A complete session took about 2-3 hours, including a vision assessment, traversing the routes, and the time needed for explanation and evaluation before, in between and at the end of the tests.

Apparatus

Two systems of route information were compared to each other. Both systems make use of ceiling-mounted beacons and hand-held receivers. The subject hears the information by means of an open ear-phone.

A beacon of the Blind Orientation System (BOS) can incorporate several transmitters, one for every direction of approach. The transmitter continuously emits an analogue infra-red (IR) signal which cycles through the information about the directions to different destinations. The receiver has the size of pack of playing cards. To hear the information the user must direct the receiver to the transmitter and had to press a button to receive the signal.

Beacons of the other system, “Easy Walker”, have a square, diamond-like shape with transceivers in each of the four directions. The personal transceiver hangs on a strap around the neck of the subject and has a keyboard to enter the desired destination. If the subject approaches a beacon activates the personal transceiver, which transmits the desired destination to the beacon. The beacon responds with a code that indicates the direction of the destination (“go to the left”, “right”, “straight ahead”, “return” and some additional information, like “walk along the left side of the corridor”). The personal transceiver converts the code into digitally reproduced speech. The language depends on the applied speech processor.

Errors and extra information

During the tests the test leader counted the number of times that a subject went into the wrong direction and had to be corrected. This was also done with the number of times that the subject requested for extra route information, because s/he didn’t know into which direction s/he had to go.

Appreciation

The reactions to ten statements concerning the use of a system were scored on a scale of  1-5 (1= complete disagreement, 2= some disagreement, 3= between agreement and disagreement, 4= some agreement, 5= full agreement) (table 2).

Procedure

We designed twelve routes in the corridors on the second floor of University Hospital to various destinations (coffee machine, public telephone, toilets, lecture hall, administration, etc.).

All subjects walked 4 routes with each system. The order in which the systems were used and the combinations with the routes were randomised to prevent systematic influences. We needed five beacons on X-, T- or Y- junctions of the corridors to present the information needed to walk all routes. A route contained minimal three and maximal five beacons between start and destination. In the vicinity of some junctions were many dead ends in the corridors and at those places we applied guiding lines on the floor. The guiding lines on the smooth linoleum floor consisted of 6 parallel rims, 4 mm high and broad, 70 mm apart from each other. The colour of the guiding lines was yellow on a dark floor and dark brown on a whitish floor. Attention marks were needed along the routes to indicate the users of the BOS where they had to halt to search for the beacon and to listen to the information. These attention marks consisted of 40 cm of guiding line, positioned perpendicular to the direction of walking.

Prior to the execution of the test visual acuity and contrast sensitivity were assessed. Next to that the test leader explained to the subject the use of the first system and asserted that the subject understood the test. The test leader brought the subject to the start point of the first route. If, for example, the subject started with EW, the destination code was entered in the personal transceiver and the test leader directed the subject to walk towards the first beacon. From there on the subject had to follow the instructions that were heard in the ear-phone. The test leader walked behind the subject and made notes about necessary corrections. The next route started at the end of preceding route. After the fourth route was a break. During the break of about 30 minutes the subject replied to ten statements to evaluate some aspects of the use of the system. Subsequently the use of next system was explained to the subject and the subject walked four other routes. After finishing the subjects were requested to compare the use of these systems with the normal practise.

During the test a subject was corrected as soon as it was clear that s/he walked into the wrong direction. Normally the subject has to detect himself that he’s going wrong or will be corrected by the information provided by the next beacon. However in our experimental environment no beacons are mounted outside the experimental area and the subject will get lost.

Data processing

The number of  times that a correction was made or additional information was given during the routes were summed up per block of four routes. Differences between the numbers with the use of the systems were statistically tested.

The answers to the statements in relation to each system were compared and the differences were statistically tested.

Results

The order in which the systems were used during this study was varied: 12 subjects used BOS before Easy Walker and 13 subjects did it in the reversed order.

The number of times that one takes the wrong direction and the number of times that one has to ask for extra information to continue in the right direction indicate the ease to perform the task. We added both numbers together as some people just wait for additional information where others try to find their own way and have to be corrected.

Table 1: Number of errors and additional information

Subject
BOS
EW

1
11
4

2
10
4

3
5
0

4
8
2

5
1
0

6
9
2

7
2
1

8
1
0

9
7
3

10
9
3

11
2
0

12
7
4

13
2
2

14
6
1

15
0
0

16
3
0

17
4
2

18
1
0

19
6
2

20
5
0

21
6
1

22
2
1

23
1
0

24
4
0

25
7
4

Total
119
36

The numbers are the summed errors and additional information that were required by the subjects to reach their destination per block of four routes. The difference between BOS and EW is significant (F(1, 24) = 55; p< 0.001).

With the use of the BOS the total number was about five times per four routes (119 times in total) and with the use of the EW system it was only three time per eight routes (36 times in total). The difference was significant (F (1,24) = 55, p <  0.001).

The reactions to the ten statements concerning the use of a system (table 2) were scored on a scale of 1-5 (1= complete disagreement, 2= some disagreement, 3= between agreement and disagreement, 4= some agreement, 5= full agreement). The reactions were always given immediately after the use of the concerning system.

Table 2: List of statements (translated from Dutch)

1. 
In my opinion it is easy to handle the receiver

2. 
In my opinion the quality of the voice is clear and intelligible

3. 
I was able to understand the messages

4. 
In my opinion the directions were easy to understand

5. 
The messages enabled me to reach the end of the route

6. 
The messages enabled me to reach the next beacon

7. 
In my opinion the messages were sufficiently short for understanding

8. 
I listened more than once to the messages (inverted score)

9. 
I felt safe while walking the routes

10. 
I would continue the use of the system

Immediately after the tests of each system the subjects had to present their reactions to the above-mentioned statements on a scale of 1 to 5: 1= complete disagreement, 2= some disagreement, 3= between agreement and disagreement, 4= some agreement, 5= full agreement.

The mean score of the statements (fig. 1) concerning to the use of the BOS was 3.3 (sd=0.7) and concerning the use of Easy Walker 4.6 (sd=0.3). The mean score of all subjects on each statements was higher in relation to use of Easy Walker then in relation to BOS. The difference of seven statements was significant (F(1,48); P< 0.001; Bonferroni factor 10).

Figure 1: Frequency of score to statements
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Figure 1: Frequency of score to statements (continued)

[image: image2.wmf]0%

20%

40%

60%

80%

100%

1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

Statement

Easy Walker 

appreciation

A


The responses of the subject to ten statements (table 2) just after finishing the test with an electronic travelling system. The statements suggested appreciation for the system and the score of 5 corresponds with “full agreement”, the score of 3 with “between agreement and disagreement” and the score of 1 with “complete disagreement”. A. The subjects responded mostly with “full agreement” and for the remaining with “agreement” to the statements after testing Easy Walker. Only some disagreement was expressed with statements 2 and 8. B. The subjects were divided about the statements after testing of BOS. The mean score (3.3) is nearly neutral between agreement and disagreement. In the graphs the neutral scores are connected by a grey ribbon to give a better distinction between the agree and disagree range.

Nearly all subjects agreed that the EW transceiver was easy to handle. This seems surprising as the EW transceiver is more complex than the BOS receiver. However the score of our subjects on this statement refers only to the handling to receive the signal. The test leader entered the destination code and the use of the keyboard was not evaluated in these ‘first-time’ users. A significant score difference between the EW and BOS score is also present on statements 4, 6, 7, 8, 9 and 10. Statement 4 indicates that with the use of the EW system nearly all subjects agreed that the messages were easy to understand where the score was distributed between disagreement and agreement with the BOS. Nearly all subjects agreed that the EW system enabled them to reach the next beacon (statement 6) and judged equally distributed from full agreement to complete disagreement about significance of the BOS for this aspect. The messages of the EW system were short enough for understanding (statement 7) answered all subjects, but only half of the subjects had the same opinion in respect to the messages of the BOS. As response to statement 8 the number of times that the user had listened to the messages was used and this scale was inverted for further processing. Most subjects listened once or twice to the messages of EW, where they listened mostly four or five times to the messages of BOS. Nearly all subjects fully agreed to feel safe while walking the routes with the use of EW, while 30 percent disagreed with the use of BOS (statement 9). All subjects agreed that they would continue the use of the EW system if they have the opportunity, while 40 percent disagreed in respect to the continuation of the use of the BOS.

At the end of the test day the subject were invited to imagine that they are coming as a visitor to the hospital. At the information desk they can express their preference for one of three types of route information: an spoken explanation by the information desk employee, the BOS and the EW system. The first preference of 24 subjects was the EW system and of one subject the BOS. Thus all subjects preferred a talking electronic device that they could take with them above the regular spoken information at the desk. The second and third preferences where equally divided between the BOS and the desk information.

Discussion

It has to be realised that the subjects in our study are not at random chosen from the visual impaired population. Our subjects are younger than most VIPs, and it can be assumed that they had a more than average interest in high-tech aids. We consider this subject selection not as an essential drawback to answer the question which pro’s and con’s are related to the use of two different electronic orientation and route systems in a standardised environmental test location.

Electronic travel aids (ETA) are in the process of development and it has to be tested which features are helpful and which shortcomings can be indicated. This study was designed to test some characteristics of the use of two available systems in a controlled study and its qualities for way finding in an unfamiliar environment.

In normal life a subject will use an ETA in familiar and unfamiliar environments. The information needed by a VIP in a familiar environment might differ from that in an unfamiliar one and this will influence the requirements on the ETA. In this project only the use in an unfamiliar was tested and it was the first time that subjects used one of the systems.

In this study we found that the subjects only occasionally needed extra information or made errors during traversing the routes with the use of EW, where this happened three times more frequently with the use of BOS. Partly can this be explained by the chance to miss a BOS beacon, partly might it be due to choosing the wrong direction from the list of BOS messages. EW transmits only the message that is of direct interest for the user, and the user has only to divide his attention for a short time between the message and the navigation along the route. BOS obliges the user to halt, to direct the receiver to the beacon and to listen to the message. He has to choose  the right direction from the message and to proceed his way. As the user wants to reach his destination this procedure means a delay, which has to be limited.

We compared the appreciation of the use of BOS and EW systems as assessed with the questionnaire. It was significantly higher after the use of the EW system than after the use of the BOS. This appreciation is not due to the order of use as this was equally distributed.

High appreciation in favour of the EW system was scored on different aspects and appeared also in the general preference for EW at the end. The high appreciation can be attributed to the fact that the user can leave the receiver on his breast. The attention signal and the direction information will reach his ear without further handling. The messages of EW were easier to understand as only a short message with the right direction was received at the approach of the junctions. The need to repeat the message was lower with the use of EW. In practise the message is so short that the user can maintain his pace and a guide dog owner is able to instruct his dog in time about a change of direction. The ability to reach the destination independently by the use of EW was better, which is reflected in the low number of corrections and additional information. All subjects felt safe while walking with EW and would continue the use of it if possible.

A general important result is that all the subjects would prefer to use an ETA if they can choose at a future visit to the University Hospital above a route explanation at the information desk. All subjects of our population appreciated the feeling of independence. However one should be cautious to extrapolate this conclusion to the whole population of VIPs, as all our volunteer subjects might be highly interested in this type of mobility aids and it must be considered to give a bias in their performance and appreciation. Nevertheless it indicates that for many of them it can be an attractive aid that increases their independence.

Secondary aspects that came out this study were that the BOS users needed some attention marks to know that a beacon was within reach. If such an attention mark was not present the subject reached a junction without information about the next direction. As the beacons are transmitting into the oncoming corridors it is not possible to receive information at the junction itself. Crossways placed strips of guiding line on the floor some meters ahead of the junctions were sufficient for the subjects as attention marks. This problem might be solved by modifying the receiver such that it can be hanged on a necklace in a stand-by-listening mode. It would make extra attention marks on the floor needless and in addition the user does not need a free hand to point with the receiver to the beacon.
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