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SUMMARY 
 

For the safety of visually impaired people (both those who are blind or who have low 
vision), tactile walking surface indicators (TWSIs) are installed at the top and bottom of 
staircases.  In Japan, there are two different accessibility guidelines which require 
TWSIs installation at the top and bottom of staircases, but they are inadequate in three 
ways.  First, they do not entirely correspond with each other: one requires installation 
both at the top and bottom of staircases, but the other requires installation only at the top.  
Second, neither of them specifies the depth of TWSIs, although they both require 
setback at about 0.3 m.  Third, neither of them mentions the installation of TWSIs at 
intermediate landings, although our previous study suggested that TWSIs might be 
desirable at long intermediate landings.  The purpose of this study was to provide 
solutions to these problems.  Experiment I dealt with the first and the second problems.  
TWSIs were placed at the top and bottom of a mockup staircase in 4 layouts: (A) a depth 
of 0.6 m with no setback, (B) a depth of 0.3 m with a setback of 0.3 m, (C) a depth of 0.6 
m with a setback of 0.3 m, and (D) no TWSI installation.  Subjects were 41 visually 
impaired persons.  They evaluated the safety of each layout using a paired comparison 
method.  The results showed that TWSIs are necessary at the bottom of staircases as 



 

 

well as at the top, that the desirable depth of TWSIs is 0.6 m both at the top and bottom 
of staircases, and that the desirable setback is 0.3 m both at the top and bottom of 
staircases.  Experiment II dealt with the last problem.  The length of the intermediate 
landing of the mockup staircase was changed from 1.5 to 7.5 m.  The same subjects as 
Experiment I descended the mockup staircase, and then evaluated their need for TWSIs 
on the intermediate landing, under seven length conditions.  As a result, the need of 
TWSIs increased in proportion to the length of the intermediate landing.  Based on the 
results, we concluded that attention pattern TWSIs and guiding pattern TWSIs should be 
installed when intermediate landings are at least 2.5 m long and 3.5 m long, respectively.  
In this way, we submitted solutions to the three problems noted above. 
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1. INTRODUCTION 
 

According to the latest Japanese Annual Report on Government Measures for 
Persons with Disabilities [Cabinet Office Japan, 2011], 315 thousand visually impaired 
people (those who are blind or who have low vision) live in Japan.  While about 30 
percent of them go out almost every day, about 40 percent go out less than once a week, 
and more than 40 percent need a personal guide when they go out [Japanese Ministry of 
Health, Labour & Welfare, 2008]. In fact, the visually impaired meet a variety of 
difficulties and dissatisfaction when they travel alone [Tauchi et al., 1992; Japanese 

Ministry of Health, Labour & Welfare, 2008].  For equal opportunities for them to 
participate in society and a better quality of life (QOL), accessible environments in which 
they can travel independently are necessary.   

Tactile walking surface indicators (TWSIs) provide travel information with raised 
patterns to visually impaired people through the soles of their shoes or their white canes 
[ISO 23599, 2012].  Two types of TWSIs are widely used in Japan: one is the attention 
pattern with raised dots that alert to potential hazards, and the other is the guiding 
pattern with raised strips for navigating the direction of travel.  TWSIs have been a 
popular travel aid for visually impaired people in many countries including Japan 
[Takahashi, 2001; Courtney et al., 2000; Ståhl et al., 2010], and receive high acclaim by 
visually impaired people [Tanaka et al., 1997]. 

A staircases is a place where the visually impaired need to pay particular attention.  
Takato et al. [1995] interviewed 207 visually impaired people on difficulties they had 

encountered when they used mass transit, and reported that 15 percent of them (i.e., 31 
of 207 people) had experiences of falls at staircases leading to railway platforms.  A 
survey we conducted prior to the present study showed that 83 percent of the visually 
impaired interviewees (i.e., 35 of 42 people) had experiences of a fall or a near-fall at 
staircases [Suzuki, A. et al., 2010].  The high percentage may reflect the significant 
potential hazard at staircases, similarly as Heinrich's Law implies a large amount of slight 
incidents behind a serious accident (e.g., injury).  Moreover, Abe et al. [2006] surveyed 

walking accidents in visually impaired people and stated that the frequency of accidents 
at staircases is the second highest among accidents which happened indoors. 



 

 

For the safety of visually impaired people, in Japan, there are two different 
accessibility guidelines which require installing TWSIs at the top and bottom of 
staircases [Japanese Ministry of Land, Infrastructure, Transport and Tourism, 2007; 
Eco-Mo Foundation, 2001].  But they are inadequate in the following three ways:  
- The two guidelines don’t entirely correspond with each other.  One, for public transport 
facilities [Eco-Mo Foundation, 2001], requires installation both at the top and bottom of 
staircases, but the other, for general buildings [Japanese Ministry of Land, 
Infrastructure, Transport and Tourism, 2007], requires installation only at the top.  
- Neither of them specifies the depth of TWSIs, whereas they specify the setback at 
about 30 cm.  
- Neither of them mentions installation at intermediate landings, although our previous 
study [Suzuki et al., 2010] suggested TWSIs might be desirable at long intermediate 

landings. 
Consequently, we conducted a study with two experiments to provide solutions to 

these problems.  This paper explains the outline of the study. 
 
 
2. EXPERIMENT I 
 
2.1 Objective 
   Experiment I dealt with the first and the second problems noted above.  Specifically, 
the objective was to examine the optimal layout (i.e., the combination of depth and 
setback) of TWSIs at the top and bottom of staircases, and to examine if TWSIs should 
be installed at the bottom of staircases.  
 
2.2 Methods 
2.2.1 Subjects 

Subjects were 41 visually impaired people, of which 38 were blind and the other 3 
had low vision.  Six subjects were in their 20s, eight in their 30s, ten in their 40s, nine in 
their 50s, six in their 60s and two in their 70s.  Their average height was 160.6 cm with 
a standard deviation of 10.0 cm.  Their average shoe length was 24.7 cm with a 
standard deviation of 1.6 cm.  They were recruited under the qualification requirement 
of “one who travels and uses train services independently in one’s daily life.”  All of 
them had experienced of TWSIs.  Table 1 presents a summary of the attributes of the 
subjects.  All the subjects gave their informed consent after hearing a full explanation of 
the study procedures. 
2.2.2 Apparatus 

A mockup staircase was built indoors.  It had an intermediate landing between a pair 
of flights of stairs each made up of 5 steps.  Each step was 150 mm rise and 300 mm 
deep, in accordance with the Japanese accessibility guideline [Eco-Mo Foundation, 
2001].  The length of the intermediate landing was changeable at a range of 0 to 8 m.  
Attention pattern TWSIs were provided as square-shaped integrated tiles made of vinyl 
chloride (Traffic Safety Research Center, Inc., Model: SM300-JD).  The shape and 
alignment of attention patterns within the tiles were in accordance with JIS T 9255 [2001] 
and ISO 23599 [2012].  Their outer dimensions were 300 mm × 300 mm, and their 
effective dimensions were 262 mm × 262 mm as shown in Figure 1.  



 

 

Table 1 Subject Attributes  

No. Sex 
Age 

group 
Visual  
status 

History of 
independent travel 

(years) 

Frequency of 
independent travel 

(days/week) 

Frequency of  
train use 

(days/week) 

Received  
O & M 
training  

1 Male 20-29 Blind 10 7 1-2 Yes 

2 Male 20-29 Blind 10 7 7 Yes 

3 Male 30-39 Blind 27 7 1 Yes 

4 Male 30-39 Blind 6-7 7 7 Yes 

5 Male 30-39 Blind 10 7 7 No 

6 Male 30-39 Blind 20 7 7 Yes 

7 Male 40-49 Blind 30 7 7 Yes 

8 Male 40-49 Blind 30 6 0-1 Yes 

9 Male 40-49 Blind 26 3 3 Yes 

10 Male 40-49 Blind 24-25 7 7 No 

11 Male 40-49 Blind 34 7 7 Yes 

12 Male 40-49 Blind 15 7 7 Yes 

13 Male 40-49 Blind 35 7 7 Yes 

14 Male 50-59 Blind 14 7 7 Yes 

15 Male 50-59 Blind 45 7 7 No 

16 Male 50-59 Blind 35 7 7 No 

17 Male 60-69 Blind 60 7 7 No 

18 Male 60-69 Blind 14 4 4 No 

19 Male 60-69 Blind 50 2 2 No 

20 Male 70-79 Blind 15-16 7 3 No 

21 Male 70-79 Blind 67 4-5 4-5 No 

22 Female 20-29 Blind 7 7 7 Yes 

23 Female 20-29 Blind 7-8 2-3 2 Yes 

24 Female 20-29 Blind 20 6 6 Yes 

25 Female 20-29 Blind 18 7 7 Yes 

26 Female 30-39 Blind 20 4 4 Yes 

27 Female 30-39 Blind 15 7 7 Yes 

28 Female 30-39 Blind 20 7 7 Yes 

29 Female 40-49 Blind 30 7 7 Yes 

30 Female 40-49 Blind 33 7 7 Yes 

31 Female 50-59 Blind 25 7 7 Yes 

32 Female 50-59 Blind 30 7 7 Yes 

33 Female 50-59 Blind 50 7 7 No 

34 Female 50-59 Blind 37-38 7 7 Yes 

35 Female 50-59 Blind 40 7 5 Yes 

36 Female 50-59 Blind 40 7 2-3 Yes 

37 Female 60-69 Blind 20 7 7 No 

38 Female 60-69 Blind 45 7 3-4 No 

39 Male 40-49 Low vision 35 2-3 2-3 No 

40 Male 60-69 Low vision 4 7 7 No 

41 Female 30-39 Low vision 3 3 3 No 



 

 

 
2.2.3 Experimental conditions 

Attention pattern TWSIs were laid out in increments of 300 mm, taking a practical 
aspect into consideration, since floor tiles are usually provided as square tiles of 300 mm 
in Japan.  The following four layouts were tested: (A) an outer depth of 600 mm with no 
setback (i.e., an effective depth of 562 mm with no setback), (B) an outer depth of 300 
mm with a setback of 300 mm (i.e., an effective depth of 262 mm with a setback of 319 
mm), (C) an outer depth of 600 mm with a setback of 300 mm (i.e., an effective depth of 
562 mm with a setback of 319 mm), and (D) no TWSI installation (Figure 2).   

 
2.2.4 Procedures 

Attention pattern TWSIs were placed in two different layouts on the right half and the 
left half of the walking surface.  The subjects experienced both layouts and then 
evaluated them from the aspect of safety using a paired comparison method.  At the top 
of the mockup staircase, Layouts A, B and C were compared to examine the optimal 
layout, while at the bottom, Layouts A, B, C, and D were compared to examine the 

Figure 2  Experimental layouts were provided in 3 combinations of depth and setback 
(Layouts A to C), with a control (Layout D).  In each illustration, the outer dimensions are 

shown on the left sides of the tiles, and the effective dimensions are shown on the right 
sides of the tiles. 

Figure 1  Attention pattern TWSIs were provided with square-shaped integrated TWSI 
tiles.  The shape and alignment of attention patterns within the tiles were compliant with 
JIS T 9255 and ISO 23599. 



 

 

necessity of TWSI as well as the optimal layout. 
At the tops of staircases, because the risk of a fall is much greater while descending 

than ascending, approach to descend (ATD) was tested.  At the bottoms of staircases, 
because there is no obvious difference in the risk of a fall when ascending or descending, 
approach to ascend (ATA) and end of descent (EOD) were both tested. 
 
2.3 Results 

Figure 3 shows the preference rates of TWSI layouts for each possible layout 
combination.  In the approach to descend (ATD), Layout A was not preferred over either 
Layouts B or C, while Layouts B and C were preferred relatively equally.  In the 
approach to ascend (ATA), Layout D was not preferred over either Layouts A, B and C.  
The relationship between Layouts A, B, and C was similar to during ATD, and Layout A 
was not preferred over either Layouts B or C, while Layouts B and C were preferred 
relatively equally.  Finally, at the end of descent (EOD), Layout D was not preferred, 
similarly to during ATA.  But the relationship between Layouts A, B, and C was rather 
different from that during ATA in that Layout A was preferred more than that during ATA. 

(a) Approach to Descend (ATD) 

(b) Approach to Ascend (ATA) (c) End of Descent (EOD) 

Figure 3  Preference Rates of Each Combination of TWSI Layouts. 



 

 

2.4 Discussion 
The low preference of Layout D during ATA and EOD may reflect the absolute 

necessity of attention pattern TWSIs at the bottoms of staircases.  It can therefore be 
concluded that attention pattern TWSIs should be installed at the bottoms of staircases 
as well as the tops. 

The low preference of Layout A during ATD may reflect subjects’ concern for a 
misstep from the edge of a stair.  Similarly, during ATA, the low preference of Layout A 
compared to Layouts B and C may reflect subjects’ concern about stumbling against the 
edge of a step, which is consistent with the fact that the preference of Layout A was not 
as low during EOD. That is, the difference in the preference of Layout A during the ATA 
and EOD may depend on the walking direction.  Based on these results, it can be 
concluded that a setback of 0.3 m could be desirable at the top and bottom of staircases. 

Since no significant differences were observed between Layouts B and C during ATD 
and ATA, it might not be unreasonable to conclude that either depths of TWSIs (i.e., 300 
mm or 600 mm) are acceptable.  But we should be careful on this point because when 
visually impaired pedestrians approach the staircases, their stepping over TWSIs may 
lead directly to a misstep (i.e., an air step) or stumbling.  Suzuki et al. [2011] 

demonstrated that the step length of visually impaired pedestrians in floor walking 
ranged up to 78 cm.  As the distance between steps (i.e., the distance from the anterior 
end of a step to the posterior end of the next step) is calculated by subtracting the shoe 
length from the step length, the value becomes 48 to 53 cm, under the assumption that 
the normal shoe length is 25 to 30 cm.  Given this fact, an outer depth of 300 mm (i.e., 
an effective depth of 262 mm) would be insufficient to avoid stepping over attention 
pattern TWSIs, so an outer depth of 600 mm (i.e., an effective depth of 562 mm) would 
be desirable where there are no geometrical constraints.  
 
 
3. EXPERIMENT II 
 
3.1 Objective 

Experiment II dealt with the last problem noted above.  Specifically, the objective 
was to examine the relationship of the necessity of TWSIs (both attention pattern and 
guiding pattern) depending on the length of intermediate landings.  
 
3.2 Methods 
3.2.1 Subjects 
   Subjects were the same as those in Experiment I. 
3.2.2 Apparatus and experimental conditions 
   The same mockup was used as in Experiment I.  The length of the intermediate 
landing of the mockup staircase was changed in increments of 1.0 m, from 1.5 to 7.5 m. 
3.2.3 Procedures 
   Subjects descended the mockup staircase by themselves from the top to the bottom, 
including the intermediate landing.  After every walking through the course, subjects 
evaluated their need for attention pattern TWSIs both at the bottom of the upper flight 
(BUF) and at the top of the lower flight (TLF), respectively.   

In addition, when the subject answered that attention pattern TWSIs were necessary 



 

 

both at the bottom of the upper flight (BUF) and at the top of the lower flight (TLF), they 
also evaluated whether guiding pattern TWSIs were necessary between the attention 
pattern TWSIs at the bottom of the upper flight (BUF) and at the top of the lower flight 
(TLF). 
 
3.3 Results 
   Figures 4 (a) and (b) show the relationship between length of intermediate landing 
and the extent of need for attention pattern TWSIs.  Both at the bottom of the upper 
flight (BUF) and the top of the lower flight (TLF), necessity of attention pattern TWSIs 
increased in relation to the length of intermediate landings.  At the bottom of the upper 
flight (BUF), the point at which the percentage of “necessary” and “not necessary” 
balanced was about 2.5 m.  At the top of the lower flight (TLF), the balance point was 
around 1.8 m.  Figure 5 shows the relationship between the length of intermediate 
landing and the extent of need for guiding pattern TWSIs.  The point at which the 
percentage of “necessary” and “not necessary” balanced was around 3.5 m.  

Figure 4  The necessity of attention pattern TWSIs increased in relation to the length of 
intermediate landings both at the bottom of the upper flight (BUF) and at the top of the 
lower flight (TLF).  The point at which the percentage of “necessary” and “not necessary” 

balanced was different for each of the two places. 

(a) Bottom of the upper flight (BUF) (b) Top of the lower flight (BUF) 

Figure 5  The necessity of guiding pattern TWSIs increased in relation to the length of 

intermediate landings.  The length at which the percentage of “necessary” and “not 
necessary” balanced was around 3.5m. 



 

 

3.4 Discussion 
The difference in balance point for BUF and TLF may reflect the difference in 

necessity for attention pattern TWSIs at these places.  That is, the need for attention 
pattern TWSIs is higher at the top of the lower flight (TLF) than at the bottom of the upper 
flight (BUF), which implies the possibility of installing attention pattern TWSIs only at the 
top of the lower flight (TLF).  To install attention pattern TWSIs both at the bottom of the 
upper flight (BUF) and at the top of the lower flight (TLF), the length of intermediate 
landings should be at least 2.5 m.  Similarly, to install guiding pattern TWSIs on 
intermediate landings, the length of intermediate landings should be at least 3.5 m. 

Nevertheless, it could be true that the density of samples is not sufficient to precisely 
identify critical length at which TWSIs are necessary.  Further examination is necessary 
to make an accurate judgment.  In addition, these results do not provide information on 
the desirable TWSI layout at intermediate landings, or on whether TWSIs should not be 
installed when the intermediate landings are shorter than 2.5 m.  Further studies are 
necessary also on these points in the future. 
 
 
4. CONCLUSION 
 
   Installation of TWSIs at staircases was studied with two experiments.  With results of 
the first experiment, we conclude that (1) attention pattern TWSIs should be installed 
both at the tops and bottoms of staircases; (2) attention pattern TWSIs should be 
installed at the tops and bottoms of staircases at a depth of 0.6 m where there are no 
geometrical constraints; and (3) attention pattern TWSIs should be installed at the tops 
and bottoms of staircases at a setback of 0.3 m.  With results of the second experiment, 
we conclude that at intermediate landings, attention pattern TWSIs and guiding pattern 
TWSIs should be installed when intermediate landings are at least 2.5 m long and 3.5 m 
long, respectively.  These could be the solutions of the three problems noted above. 

However, there are some limitations in this study as follows: (1) the first experiment 
has some disagreement with ISO 23599 (2012) ; (2) in the second experiment, the 
density of samples was not sufficient to precisely identify critical length of intermediate 
landings at which TWSIs are necessary; (3) the second experiment does not show the 
desirable TWSI layout at intermediate landings; and (4) the second experiment does not 
mention whether TWSIs should not be installed when the intermediate landings are 
shorter than 2.5 m.  Further examinations are necessary on these points in the future. 
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