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PREFACE

To help seriously visually disabled or blind persons to orientate them-
selves, there is a need for uninterrupted routes that can be followed 
using a long white cane or by providing tactile information underfoot. 
These routes should primarily comprise natural guidance surfaces 
such as house walls, raised edges, railings or differing structures 
between dissimilar surfaces (such as asphalt adjacent to gravel or 
grass). Where no natural route is available, or where it is not possible 
to create such a route, one solution could be a special guidance route 
with a structure or material that deviates from surrounding surfaces. 
There is little knowledge of how these routes need to be designed. 
Various types of paving stones are used to aid orientation, but few 
systematic evaluations have taken place on usability for the seriously 
visually impaired.
 
The aim of this project is to improve guidance on the design of tac-
tile routes found in the handbook ”The Design of Roads and Streets” 
from the Swedish Road Administration and the Swedish Association 
of Local Authorities. We have studied materials in use today, in order 
to identify the structures that offer the best orientation for seriously 
visually impaired persons. In the next step, some of these materials 
will be tested in a natural environment as part of an uninterrupted 
guidance route. 
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SUMMARY

All over the world, trials are taking place to make it easier for visually 
impaired people to orientate themselves in the physical environment. 
Guidance routes are being constructed using materials with many different 
types of structures on their surfaces. In Sweden there is a preference for 
certain kinds of surfaces for use on guidance routes, though their usability 
has not been tested in documented studies. The overriding purpose of this 
project is to identify structures for guidance surfaces and hazard warning 
surfaces that are usable for blind people who use a long white cane to na-
vigate and orientate themselves. At the same time, however, these struc-
tured surfaces must not present an obstacle to people with diminished 
mobility.

The experiment involved 15 outdoor test routes, using materials for out-
door use. Every test pathway had a total length of 30 meters. The guid-
ance surface was 20 m. Concrete paving stones or small cobblestones 
surrounded every guidance surface. The 14 participants were completely 
blind, to ensure that only the tactile design was used for orientation pur-
poses.

The tests were conducted during October and November 2003, at the 
STARKA concrete company in Södra Sandby, near Lund. Two subjects took 
part in each trial, which lasted half a day. All subjects participated on two 
occasions. The following methods were used:

● Observation (objective judgment using a structured form)
● Interview for evaluating the guidelines (subjective judgment)
● Interview concerning personal information
● Video filming

Evaluations were made to determine: how easy/difficult it was to detect 
and follow the route; any lateral deviations from the route; whether con-
tact was lost; whether the long white cane got stuck; whether people 
could identify the beginning and end of the route; and opinions about the 
safety, security, and usability of the route. The material gathered com-
prised 420 observations, 210 interviews and 9 hours of video film.

The results indicated that 6 test routes were more usable than the others. 
The common factor for these was that the guidance surfaces gave a sinus-
oidal wave effect in the long white cane. Observations indicated that the 
difference between guidance surfaces and hazard warning surfaces was 
hard to identify. The surrounding material’s evenness, i.e. that the sur-
rounding concrete paving stones lacked chamfered edges, was extremely 
important for providing secure guidance. Certain materials or combinations 
of materials can make the long white cane stick, which resulted in disjoin-
ted walking and very often led to a loss of orientation.
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1Introduction

1. INTRODUCTION

1.1 Background 

All over the world, trials are in progress to help visually impaired people 
to orientate themselves in the physical environment. Guidance routes 
are being constructed using materials with many different kinds of 
structures on their surfaces. The guidance surfaces can either be natu-
ral, such as walls or edges, or be made using grass adjacent to asphalt 
or grass adjacent to paving. They can also be artificial, such as differing 
structures in paving or stones. The latter is surrounded in turn by mate-
rials with a very varied structure. Blister surfaces are also used. These 
are available in a variety of different blister shapes and sizes. Blister 
surfaces are sometimes used as directional paving when changing direc-
tion, or sometimes to warn of a danger or hazard. 

There have however been very few studies or tests of how these mate-
rials and material combinations actually function as orientation aids for 
visually impaired people. Visually impaired people as a group includes 
partially-sighted, seriously visually impaired and blind people. For the 
first two groups, light contrasts are also important as orientation aids. 
People without any sight or with only slight traces of vision are comple-
tely dependent on movement sensors in the hand and their ability to 
perceive structure and changes in tactile surfaces. They do this by using 
a long white cane. Tactile perception involves physical contact with ob-
jects or surfaces at the same time as cognitive processes are involved.

Sometimes aesthetic demands are viewed as an obstacle to usability for 
visually impaired people. The challenge is to find tactile surfaces that 
are useful for seriously visually impaired and blind people using white 
canes, while also being attractive for others with normal sight. 

Different countries in the world are developing solutions for tactile struc-
tures without any real international coordination. The European Union 
has since 2002 worked to standardise tactile surfaces in stone, clay 
and concrete. Standardisation began in early 2002. Sweden was one of 
only six countries that has taken part in these efforts. The starting point 
has been UK standards for tactile guidance surfaces. However, as the 
method of walking differs between the various countries for visually im-
paired and blind people, it is important that common studies are carried 
out within the frame of the EU. 

In 2004, an international venture began to draw up an ISO standard, 
with participants from Japan, US and Sweden, among other countries.



1.2 Aim

There is a preference in Sweden to use certain types of surfaces on arti-
ficial guidance routes, though their usability has not been tested in docu-
mented studies. This project has tested several combinations of tactile 
surfaces chosen from Swedish and UK products. The main purpose of this 
project was to identify structures for guidance surfaces and stop surfaces 
that help blind people who use long white canes to navigate and orient 
themselves. At the same time, however, these structured surfaces should 
not present an obstacle to people with diminished mobility.

2. METHOD AND IMPLEMENTATION

2.1 Design of the test routes

The 15 test guidance routes in the trial were built outdoors using materi-
als for outdoor use. Each test route was a total 30 m long. The guidance 
surface was 20 m. This length was necessary if participants were to decide 
whether material combinations were usable. Concrete paving stones or 
small cobblestones surrounded every guidance surface. Most guidance sur-
faces had a 1 x 1 metre hazard warning surface at both ends of the route. 
This was usually a blister surface. Outside this warning surface, each test 
route began and ended with a 4 metre area that used the same mate-
rial present outside the guidance surface. If there was no hazard warning 
surface, then each route began and ended with a 5 metre stretch of the 
same material present outside the guidance surface. The tactile guidance 
surfaces were between 130 and 800 mm wide. The width was dependent 
in part on the size of the tested material, and in part on the existing width 
recommendations for different materials. 

The start and finish stretches are necessary to discover if completely blind 
people can notice the difference between the guidance surfaces and sur-
rounding surfaces, i.e. can identify the beginning and end of a guidance 
surface. 

The size of the warning surfaces varied between 840 x 840 mm and 1 200 
x 1 200 mm depending on the size of the tested paving stone. In Sweden, 
this surface is often only 350 mm deep, though sometimes up to 700 mm. 
In other countries, such as the UK, this is 1 200 mm deep. Experiences 
from Borås suggest that 900 mm could be a suitable depth. This could be 
linked to the fact that the sweep of a long white cane is about 800 mm. 

Surrounding surfaces were smooth concrete paving stones with or without 
chamfered edges. The paving stones without chamfered edges were from 
350 x 350 mm and smaller. Concrete slabs with chamfered edges were all 
350 x 350 mm.

2 Method and implementation
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Figure 2.1. Schematic image of the test route with and without hazard 
warning surfaces
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Figure 2.2. Schematic image of the entire test surface.



2.2 Criteria for choosing material combinations 

There are many things that need to be tested: different varieties 
of tactile materials, various surrounding materials, different tech-
niques for movement and different tips for long white canes. The 
tests need to be carried out by both blind and severely visually 
impaired persons. This project has created tests based on the most 
difficult possible situations. 

The aim was to test the combinations of surface structure that are 
most commonly used. Materials and combinations are chosen based 
on Swedish experiences, experiences from EU standardisation work, 
knowledge gained from literature, and research studies through 
a project run by the Swedish Association of Local Authorities and 
based on a Norwegian project, which compared the use of tactile 
materials in different countries. 

Following initial tests, concrete slabs with a rough, elevated sur-
face lower than 2.5 mm were excluded as guidance surfaces. Based 
on existing experiences, these slabs were judged as impossible to 
identify with a long white cane even if the surrounding surface is 
completely smooth.

Paving stones with chamfered edges, with straight edges, and for 
one test route small cobblestones were used as surrounding materi-
al for the tactile test surfaces. Asphalt can also be used to surround 
test surfaces. We believed, however, that in these tests it was most 
important to study how useful concrete slabs are as surrounding 
material, as asphalt is the smoothest alternative of all and various 
types of concrete slabs are widely used today. 

Granite slabs with a variety of surface finishes – such as fan-sha-
ped, diamond-shaped or hewn - are sometimes used today as sur-
rounding material. Old hewn slabs are also often found in use to-
day. These are usually quite uneven and experience has shown that 
these are not suitable as surrounding material. Granite slabs are 
often about 300 x 900 mm without chamfered edges, which means 
this type of surrounding material has few joints. Both fan and di-
amond shaped granite slabs have a smooth surface, which means 
the degree of disturbance compared with the tactile guidance sur-
face is about the same as with other types of paving. A conscious 
decision was made not to use a guidance surface of granite slabs 
surrounded by small cobblestones, in part because of price.
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2.3 Description of test routes 

The test surface comprised 
● 13 routes for tactile guidance and warning, routes 1-13 
● 2 routes for separating pedestrian and cycle paths, routes 14-15. 
Of these 
● 9 routes used materials only from Sweden 
● 3 routes used materials from both Sweden and the UK 
● 3 routes used materials only from the UK
     

Figure 2.3. View of the entire test area with the layout of the 
trials.

The following is a description of test routes 1-13 including: 
● the appearance of the guidance route 
● the appearance of the hazard warning surface
● the appearance of the surrounding materials 

Descriptions for routes 14-15 include: 
● separation between pedestrian and cycle way surfaces 
● appearance of the pedestrian and cyclist surfaces 
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Test route nr 1 
● sinusoidal surface on concrete paving

● wave height 5 mm 

● c/c bar top 50 mm 

● slab size 350 x 350 mm, (chamfered edges 

   on the short side) 

● width 700 mm 

● chamfered edges 

● blister surface on concrete paving

● dome height 5 mm 

● dome diameter 55 mm 

● c/c domes 88 mm 

● slab size 350 x 350 mm 

● surface 1 050 x 1 050 mm 

● chamfered edges

 

● concrete slabs without chamfered edges

Test route nr 2 
● sinusoidal surface on concrete paving 

● wave height 5 mm 

● c/c bar top 50 mm 

● slab size 350 x 350 mm, (chamfered edges 

   on the short side) 

● width 700 mm 

● chamfered edges

 

● blister surface on concrete paving 

● dome height 4 mm 

● dome diameter 33.5 mm 

● c/c domes 66.5 mm 

● slab size 200 x 200 mm 

● surface 1 000 x 1 000 mm 

● chamfered edges 

● concrete slabs with chamfered edges 
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Test route nr 3 
● ribbed surface on concrete paving

● rib height 2.5 mm 

● rib width 25 mm 

● c/c ribs 85 mm 

● slab size 350 x 350 mm 

● width 700 mm 

● chamfered edges 

● blister surface on concrete paving

● fl at-topped blisters with a dome height of 

   2.5 mm 

● dome diameter 25 mm 

● c/c domes 85 mm 

● slab size 350 x 350 mm 

● surface 1 050 x 1 050 mm 

● chamfered edges 

● concrete slabs without chamfered edges 

Test route nr 4 
● sinusoidal surface on concrete paving

● wave height 5 mm 

● c/c bar top 51 mm 

● slab size 210 x 210 mm 

● width 630 mm 

● without chamfered edges 

● blister surface on concrete paving

● fl at-topped blisters with a dome height of 5 mm 

● dome diameter at base 30 mm and top 25 mm 

● c/c domes 70 mm 

● slab size 210 x 210 mm 

● surface 840 x 840 mm 

● chamfered edges 

● concrete slabs without chamfered edges 
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Test route nr 5 
● sinusoidal surface on concrete paving

● wave height 5 mm 

● c/c bar top 51 mm 

● slab size 210 x 210 mm 

● width 630 mm 

● without chamfered edges 

● blister surface on concrete paving

● fl at-topped blisters with a dome height of 5 mm 

● dome diameter at base 30 mm and top 25 mm 

● c/c domes 70 mm 

● slab size 210 x 210 mm 

● surface 840 x 840 mm 

● chamfered edges

 

● concrete slabs with chamfered edges 

Test route nr 6 
● ribbed rubber surface 

● rib height 4 mm 

● rib width 30 mm 

● c/c ribs 50 mm

● width 700 mm 

● without chamfered edges 

● blister rubber surface 

● fl at-topped blisters with a dome height of 4 mm 

● dome diameter at base 35 mm and top 25 mm 

● c/c domes 50 mm 

● surface 1 000 x 1 000 mm 

● without chamfered edges 

● concrete slabs without chamfered edges 

Rubber slabs of an appropriate size were attached to the ground surface.
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Test route nr 7 
● three rows of small cobblestones 

● width 350 mm 

● ”blister paving” using small cobblestones 

● surface 1 000 x 1 000 mm

 

● concrete slabs without chamfered edges 

Test route nr 8 
● stormwater metal drain, width 130 mm 

   with grating opening 10 mm transversely 

   across the direction of pedestrian travel 

● concrete slabs without chamfered edges 

   bordered grating for 10 m 

● row of small cobblestones on either side of 

   the grating for 10 m, total width 350 mm 

● blister slabs of concrete

● fl at-topped blisters with a dome height 

   of 7 mm 

● blister diameter at base 54 mm and 

   top 40 mm 

● c/c domes 88 mm 

● slab size 350 x 350 mm 

● surface 1 050 x 1 050 mm 

● chamfered edges 

● concrete slabs without chamfered edges 
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Test route nr 9 
● UK Directional Guidance Paving in concrete 

   (ribbed paving with arched, fl at-topped ribs) 

● rib height 5 mm 

● rib width base 40 mm, top 30 mm 

● distance between the rib and fl at edge about 

   11 mm 

● c/c ribs 80 mm 

● slab size 400 x 400 mm 

● width 800 mm 

● without chamfered edges 

● no blister paving 

● small cobblestones 

Test route nr 10 
● ribbed surface on concrete paving with 

   halfcircle fl at-topped ribs 

● rib height 4 mm 

● rib size base area 25 x 80 mm and top area 

   15 x 50 mm 

● c/c ribs long side 60 mm and short side 115 mm 

● slab size 230 x 230 mm 

● width 700 mm 

● without chamfered edges 

● blister surface paving or UK Platform Edge 

   Paving in concrete i.e. fl at-topped blisters, 

   every other row offset by half a dome. 

● fl at-topped blisters with a dome height of 5 mm 

● dome diameter at base 23 mm and top 20 mm 

● c/c domes 65 mm 

● slab size 400 x 400 mm 

● surface 1 200 x 1 200 mm 

● without chamfered edges 

● concrete slabs without chamfered edges 
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Test route nr 11 
● UK Hazard Warning Paving (”blister”) in 

   concrete 

● rib height 6 mm 

● rib width 20 mm 

● c/c ribs 50 mm 

● distance between the rib and slab edge about 

   11 mm longitudinally 

● slab size 400 x 400 mm. 

● width 800 mm 

● without chamfered edges 

● no blister paving 

● concrete slabs without chamfered edges 

Test route nr 12 
● UK Directional Guidance Paving in concrete 

   (ribbed paving with arched, fl at-topped ribs) 

● rib height 5 mm 

● rib width base 40 mm, top 30 mm 

● distance between the rib and slab edge about 

   11 mm longitudinally 

● c/c ribs 80 mm 

● slab size 400 x 400 mm 

● width 800 mm 

● without chamfered edges 

● UK Platform Edge Paving in concrete 

● fl at-topped blisters with a dome height of 5 mm 

● dome diameter at base 23 mm and top 20 mm 

● c/c domes 65 mm 

● slab size 400 x 400 mm 

● surface 1 200 x 1 200 mm 

● without chamfered edges 

● concrete slabs with chamfered edges 
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Test route nr 13 
● UK Cycleway Paving, ribbed surface on 

   concrete slabs 

● rib height 3 mm 

● rib width 30 mm 

● c/c ribs 100 mm 

● slab size 400 x 400 mm 

● width 800 mm 

● without chamfered edges

UK ribbed slabs are laid in the direction of pede-

strian travel to act as guidance slabs. In the UK 

these are used at the beginning of pedestrian 

and cycle paths, see Route 15.

● no blister paving 

● concrete slabs with chamfered edges 

The ribs of these slabs have the same width and 

c/c distance as the granite slabs used as a guid-

ance route at Odenplan in Stockholm. The ribs at 

Odenplan are 5 mm high, however.   

Test route nr 14
● fi ve rows of small cobblestones 

● 20 mm arch at centre 

● width 500 mm 

● no blister paving 

● concrete slabs without chamfered edges 

This small cobblestone surface is a central deli-

neator between pedestrian and cycle paths and 

is wide, which means even when the surface is 

used for guidance the long white cane does not 

land on the cycle path.
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Test route nr 15
● white road marking line in three layers 

   widths 150 mm, 100 mm and 50 mm 

● total height of road marking line 10 mm 

 

● UK Cycleway Paving (see test route nr 13) 

   placed transversely on a 2 400 mm long and 

   1 200 mm wide surface (walkway) 

● UK Cycleway Paving lengthways on a 2 400 

   mm long and 1 200 mm wide surface 

   (parallel with the above route; cycle path). 

● about 15 m of concrete slabs with cham-

   fered edges 

● UK Cycleway Paving as above 

● no blister paving 

● concrete paving with chamfered edges 

UK ribbed paving was placed transversely at 

the beginning and end of the walkway infor-

ming users that they were entering a guidance 

route, which was in turn next to a cycle path. 

At the beginning and end of the cycle path 

there was similar ribbed paving lengthwise 

(as used in the UK). 
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2.4 Trial participants 

Fourteen people took part in the trial. All of these were comple-
tely blind, to ensure that it was the tactile design that was used for 
orientation. It clearly shows how the participants navigated using a 
long white cane aided by the tactility of the ground material. Per-
sons with partial sight can in addition to tactility also make use of 
luminance contrast incorporated into guidance routes. 

Most participants in the trial live in one of the 33 counties of Skåne, 
which was a conscious choice to reduce costs for travel and lodging. 
The short preparation time made it difficult however to find fourteen 
completely blind people in Skåne able to take part in the project. 
Two participants were therefore from Göteborg and two from Halm-
stad. The test participants can have varying abilities in orientating 
themselves. This is not primarily a result of where people are from 
but usually an outcome of the type of rehabilitation received. 

Nine test participants were women and five men. Ages varied be-
tween 17 and 66. All have grown up in Sweden. One of the partici-
pants has been blind since birth and the others have been blind for 
between 7 and 39 years. For some of the participants this has been 
for much of their adult life. Five of the test participants had some 
form of impaired mobility, such as pain or stiff joints, which for 
some also result in problems with balance. Four of the participants 
had slightly impaired hearing. 

All of the participants used winter shoes, such as boots with thick 
soles, during the tests. Five of the participants were diabetic. 
Of these, three had little or no sensitivity in their feet. All of the 
people move about outdoors, most of them every day. Six of the 
test persons used a guide dog, and one had used a guide dog until 
immediately prior to the trials. Five of the participants use both glid-
ing and sweeping movements when they walk outdoors, one uses 
only gliding and eight use only sweeping movements. Gliding invol-
ves moving the long white cane backwards and forwards while wal-
king, constant touching the surface to be identified. When sweeping, 
the long white cane only touches the ground at the outer limits of 
its sweep. Two of the participants had not received any rehabilita-
tion outdoors, one had received rehabilitation ”many years ago”, 
and one had received ”a little”. 

In addition, four physically disabled persons also took part in the 
trial. The reason for this was to see if these tactile materials gave 
rise to mobility problems for physically disabled persons. One per-
son used an electric wheelchair, one a manual wheelchair, one used 
a walking frame, and one person who used crutches. 
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2.5 Trial procedure

The tests were carried out in October and November 2003 at the 
STARKA concrete company in Södra Sandby, near Lund. The 15 trial 
routes were created outdoors and together formed a 1 000 square 
metre test surface in a sheltered area on the industrial estate. The 
test participants arrived at the STARKA head office and were trans-
ported to the test area by car.

Two participants took part in each trial. Each trial lasted half a day 
and each subject took part twice and tested eight and seven routes 
respectively. After the first four routes, there was a break with re-
freshments at the STARKA head office. The test subjects were inter-
viewed during this break following the first series of tests. 
The order in which the routes were tested was chosen at random 
so that each person had a unique order of test routes in his or her 
series. The test routes were numbered 1 – 15.

The tests were carried out as follows:

● The test participant was placed at the edge of the test area in 
   front of the randomly chosen test route, with feet facing the test
   route. 
● The long white cane was checked. If the long white cane did not 
   have a plastic tip, then this was fitted.
● The test subject was informed of what he or she was expected to 
   do: The test route is directly ahead of you, find and follow the 
   route, glide the long white cane, think aloud, comment on 
   everything you experience, say when you have reached the end of    
   the route, and inform the observers of any changes in the surface 
   structure. We will time the exercise, but this is not a competition, 
   we will step in if you stray from the route.
● The test participant was then encouraged to walk the route. 
● Short break (to allow two independent observers to complete an 
   assessment questionnaire).
● The test subject was then placed at the other end of the test area, 
   with feet facing the test route. 
● The test participant was then encouraged to walk the route back. 
● The test subject was interviewed by independent interviewers. 
   During this time, the second test subject walked the test routes.
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2.6 Method 

The method was chosen to allow for both subjective evaluations from 
the test subjects, and object assessments from the observers. 
The following method was used:

● observation
● interview to evaluate routes 
● interview about personal information
● video filming

2.6.1 Observation 

The objective assessment through observation used a structured form 
which included 26 points in total, see Annex 1.
Two observers walked on either side of the test subject, watched what 
happened and then completed one assessment form each indepen-
dently of each other, for both directions on the route. The assessment 
included information about the actual walk, i.e. about the test subject

● finding the route
● following the route
● lateral deviations (> 0.7 m)
● using feet on the route
● losing contact with the route
● needing help following route
● identifying the end of the route
● using the long white cane
● sticking with the long white cane

The assessment also included an evaluation on a scale of 1-5 of how 
easy or difficult and secure or insecure it was for the test subject to

● find the route
● follow the route
● walk on the route.

2.6.2 Timekeeping 

Both observers used a stopwatch to measure how long it took each 
test subject to walk each way on the test route.
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2.6.3 Interview to evaluate routes 

A structured form was used with a total of nine questions to provide 
a subjective assessment of the route. An interview was held after 
every test route, i.e. after the test participant had walked both ways 
on the test route. The interviewer had not seen how the test per-
son had walked. The interview was held away from the test area. 
The questions concerned how easy or difficult the test had been and 
how the test subject rated the various factors for the test route. The 
answers were on a scale of 1-5. The final question about the usa-
bility of the test route was on a scale of 1-10. Each question also 
allowed comments from the test subjects. The entire questionnaire 
is included as Annex 2. The interview included questions about how 
difficult or easy it was to

● find the route
● follow the route
● walk on the route.
● discover the differences between materials.

Participants were also asked to estimate their

● feeling of safety
● feeling of security
● feeling of comfort
● feeling of usability

2.6.4 Interview about personal data 

During the break in the trial, participants were interviewed about 
personal data, Annex 3. This interview included questions about

● background data, (such as gender, age, how long the person has 
   been blind)
● physical disabilities or illnesses
● type of footwear worn during the trial
● level of experience in moving outdoors and the type of long white 
   cane technique normally used by the subject
● rehabilitation (extent, how).

2.6.5 Video filming 

The test participants were video filmed when they walked in each 
direction on the routes. This was carried out by specialised staff 
(2 people).
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2.7 Data analysis 

2.7.1 Data quantity 

The objective assessment, i.e. observation, included:

● 2 assessments per test route and test subject 
   (one in either direction)
● 30 assessments per test subject 
   (15 test routes, both forwards and back)
● 28 assessments per test route 
   (14 test subjects, both forwards and back)
● A total of 420 assessments 
   (28 assessments (forwards and back) and 15 test routes)

A total 840 assessments were carried out, as two observers made 
independent assessments. When all data had been collected, a re-
liability test was carried out on all assessments. This process also 
used the video recordings. The assessments by the two observers 
were compared for each test route and the test person forwards 
and back. The aim was to produce a single observation per test 
person and test route forwards and back. This appraisal was car-
ried out by the two observers that had also assessed participants 
earlier.

Each assessment of test subject and test route, forwards and 
back, was therefore compared between the two assessors. If there 
were differences between the two observers about the way of 
walking then the video was consulted. Examples of differences 
between the assessments could be that observers had registered 
that a person had walked with one or both feet to the right or left 
of the test route. A final decision was based on video images. If 
there were differences in the evaluation of how difficult or easy 
and safe and secure it was for the test subjects to walk on the 
route, the following method was used:

● If the difference between assessments was one point on the 
   scale, then the lowest or worst ranking was used.
● If the difference between the assessments was more than one 
   point, then a new assessment was carried out using the video 
   recording. The assessors could then decide on a final ranking.
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By using this method, a single result was presented per test person 
and test route, both forwards and back, i.e. two assessments per 
test route and person.
 
The following data was collected based on the evaluation inter-
views for the route:

● 1 assessment per route and test subject (a single interview for 
   both forwards and back)
● 15 interviews per test person (15 test routes)
● 14 interviews per test route 
● a total of 210 interviews (15 test routes and 14 test participants) 

The interview about personal data comprised:
● 14 interviews

Video filming included:
● a total 9 hours of film

2.7.2 Analysis 

All of the accumulated data was then processed in SPSS (Statistical 
Package for Social Science). Frequencies and links were studied. 
This analysis has included:

● differences between routes for all of the studied variables 
● the reason for these differences
● usability for each route.

The analysis was based on the objective assessments. Likewise, the 
analysis was based on a comparison of the 15 test routes, where 
differences and similarities were analysed and discussed. Some is-
sues included data from both objective assessments and subjective 
evaluations. These were compared in the analysis, and similarities 
and differences were discussed. The personal data collected was 
mainly used to describe the test group.
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3. RESULTS
3.1 Walking time 

The test route was, as described in section 2.1, a total 30 m long and inclu-
ded a four or five metre start section, usually using concrete slabs with or 
without chamfered edges, a 1 metre hazard warning surface (on 11 of the 
routes) with various types of blister paving, and a 20 metre guidance sur-
face with different surface materials. The walking speed for the total route 
was quite similar between the routes, see Figure 3.1. The average wal-
king time was just under 40 seconds for most of the routes. Two of the test 
routes had an average walking time that was slower, almost 50 seconds: 
test route 7 (three rows of small cobblestones surrounded by concrete slabs 
without chamfered edges) and test route 8 (stormwater metal drain sur-
rounded by concrete slabs without chamfered edges). Similarly, walking 
time was slightly longer on the test routes that included a delineator strip 
between pedestrian and cycle paths, i.e. test routes 14 and 15. 

The figure also shows that the maximum time for the test route (i.e. the 
longest time taken by any single participant to walk the route) was quite 
similar. It is interesting to note however that the maximum time for test 
route 7 and test route 9 were particularly long, up to 150-160 seconds, 
i.e. it took at least one participant about 2.5 minutes to walk this 30 metre 
long route. Common for these routes is that they both include small cobble-
stones, test route 7 has three rows of small cobblestones as a guidance 
surface and test route 9 is surrounded by small cobblestones. Minimum 
values (i.e. the shortest time required by any single test participant to walk 
a route) reveal that the fastest test routes were route 3 (ribbed paving 
surrounded by concrete slabs without chamfered edges), test route 5 (sinu-
soidal paving surrounded by concrete slabs with chamfered edges) and test 
route 13 (UK Cycleway Paving surrounded by concrete slabs with chamfered 
edges). 

Figure 3.1. Walking time for each test route, objective assessment.
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3.2 Long white cane technique 

As described in section 2.5 Trial procedure, all participants were in-
structed to glide the long white cane during the trial. Most listened to 
this request. The results show that 12-13 of the 14 test subjects used 
only a gliding long white cane on all test routes irrespective of where 
they were on the route: on the initial four metre stretch, hazard war-
ning surface, or the actual guidance surface. Three participants used 
both a gliding and sweeping long white cane at certain points of the 
route, Figure 3.2. The assessment also revealed that a number of 
test participants sometimes began by gliding the long white cane, 
but at times of uncertainty or if something new appeared then a few 
sweeping movements were used to ”feel” the surface. These partici-
pants then quickly reverted to gliding movements. This mainly oc-
curred on test route 6 (ribbed rubber paving surrounded by concrete 
slabs without chamfered edges).

The reach of the long white cane was judged using three levels: nar-
row, normal or wide. There was widespread conformity among test 
participants; a majority (12-13 persons) were judged to have normal 
cane reach, i.e. a sweeping movement that covers a surface slightly 
wider than the width of a body, Figure 3.3. 
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Figure 3.2. Long white cane technique when following the route, 
objective assessment.



 
The long white cane reach showed little variation along the length of 
the route. In general, movements were slightly more sweeping when 
test participants were searching for the test route, narrowing on the 
warning surface, and then slightly wider when following the guidance 
route. There was a tendency to use a wider sweep mainly on test 
route 8 (stormwater metal drain surrounded by concrete slabs without 
chamfered edges), test route 9 (UK Directional Guidance Paving sur-
rounded by small cobblestones), test route 11 (UK Hazard Warning 
Paving surrounded by concrete slabs without chamfered edges) and 
test route 15 (delineator between pedestrian and cycle path).

3.3 Finding the route 

3.3.1 Lateral deviations 

Finding the route was the first main task for the test participants. 
The results show this was not entirely without difficulties. The sec-
tion before the beginning of the test route was a four or five metre 
long smooth surface. The shorter stretch was used if there was a 
hazard warning surface. This could be considered a short distance. 
Despite this, on all test routes at least one person lost contact at this 
stage and deviated more than 0.7 m laterally from the approaching 
test route, according to the observers, Figure 3.4. Likewise, several 
people were judged to have swayed on their way to the test route. 
It was particularly difficult to maintain a straight line on test route 9 
(UK Directional Guidance Paving surrounded by small cobblestones), 
test route 13 (UK Cycleway Paving surrounded by concrete slabs with 
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Figure 3.3. Width of long white cane reach when following the route, 
objective assessment.



chamfered edges), test route 14 (delineator strip between pedestrian 
and cycle paths comprising five rows of small cobblestones, with a 
20 mm high arch, 500 mm wide) and test route 15 (delineator strip 
between pedestrian and cycle path using a UK model, i.e. white road 
marking line with a 150 mm base and 50 mm top). All of these four 
routes, 9, 13, 14, and 15, began directly with the guidance surface and 
did not include a warning surface, i.e. test participants were required to 
walk five rather than four metres. The test routes that observers jud-
ged were easiest to detect were route 12 (which began with a 1 200 x 
1 200 mm area of UK Platform Edge Paving), route 1 (concrete blister 
slab – domed blisters – area 1 050 x 1 050 mm) and route 8 (concrete 
blister slab – flat-topped blisters – 1 050 x 1 050 mm).  

3.3.2 Identifying hazard warning surfaces and the start 
of the guidance route

Identifying the test route could be signalled by test participants clearly 
indicating that they had found something new with either the long 
white cane or the feet when they stood on the hazard warning surface, 
or that they indicated that the test route had begun when their long 
white cane or feet entered the guidance route.
 
According to objective assessments, finding the hazard warning surface 
was not completely trouble-free for test participants, Figure 3.5. Test 
route 8 (concrete, 7 mm blister slab, surface area 1 050 x 1 050 mm) 
appeared to be easier to locate, as were test routes 10 and 12 (blister 
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Figure 3.4. Lateral deviations (>0.7 m) on the surface before the hazard war-
ning surface/guidance surface, objective assessment.



UK Platform Edge Paving, surface area 1 200 x 1 200 mm). Routes 
where the initial warning surface was particularly difficult to iden-
tify were test route 2 (concrete blister slab – domed blisters 1 000 
x 1 000 mm), route 3 (concrete blister slab, 1 050 x 1 050 mm) 
and route 7 (small cobblestones, surface area 1 000 x 1 000 mm). 
Greater lateral deviations than 0.7 m on the hazard warning surface 
were noted on these routes (6 people were judged to have devia-
ted) compared with other test routes, where an average 1-2 people 
deviated. In a similar way, more people were judged to 
have deviated from the hazard warning surface on test route 15 
(5 people) where the surface was UK Cycleway Paving placed trans-
versely (surface 2 400 x 1 200 mm).

The assessment of identifying the test route in Figure 3.6. below 
includes an overall assessment of whether the test person identified 
the beginning of the test route. This could be either the beginning 
of the actual guidance surface or, in some assessments, the hazard 
warning surface. It was difficult to determine on which material, 
and whether it was with the long white cane or feet, that subjects 
noted that the test route began. The figure shows that all test rou-
tes, except route 9, were identified in principle by all test persons 
according to the overall assessment. According to observers, half 
of the test participants did not identify test route 9 (UK Directional 
Guidance Paving surrounded by small cobblestones). Test route 15, 
which was a delineator strip between a pedestrian and cycle path 
using a UK model (road marking line), was also more difficult to 
identify than the others. 
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Figure 3.5. Identifying the hazard warning surface at the beginning of the 
route, objective assessment.



The test routes that most test persons said were difficult to locate 
were test route 3 (ribbed paving surrounded by slabs without cham-
fered edges), test route 7 (three rows of small cobblestones sur-
rounded by concrete slabs without chamfered edges), test route 9 
(UK Directional Guidance Paving surrounded by small cobblestones), 
and test route 15 (delineator strip between pedestrian and cycle 
path using a UK model), Figure 3.7. Test route 9 was judged diffi-
cult to detect by 12 of the 14 test participants.
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Figure 3.6. Identifying the route, objective assessment.



In a similar way, according to the test participants six rou-
tes were easier to detect than others: test route 1 (sinusoidal 
paving 350 x 350 mm surrounded by concrete slabs without 
chamfered edges and hazard warning surface of 5 mm domed 
blisters), test route 4 (sinusoidal paving 210 x 210 mm sur-
rounded by concrete slabs without chamfered edges and warn-
ing surface with 5 mm flat-topped blisters), test route 5 (si-
nusoidal paving 210 x 210 mm surrounded by concrete slabs 
with chamfered edges and warning surface of 5 mm flat-topped 
blisters), test route 8 (stormwater metal drain surrounded by 
concrete slabs without chamfered edges and warning surface 
comprising 7 mm flat-topped blisters), test route 10 (concrete 
slabs with short ribs and warning surface comprising 5 mm 
flat-topped blisters) and test route 12 (UK Directional Guidance 
Paving surrounded by concrete slabs with chamfered edges and 
warning surface comprising 5 mm flat-topped blisters). Ten or 
more people judged these routes as easy to find. 

There are clear similarities between the subjective evaluation 
and the objective assessment of which routes were difficult and 
easy to find and identify. Test route 9, where a type of ribbed 
slab was used as guidance surface surrounded by small cobb-
lestones, was very difficult to find and identify both according to 
objective assessments and subjective evaluations. This is par-
ticularly notable as this method of laying guidance surfaces is 
common in Sweden.
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3.4 Following the route

3.4.1 Lateral deviations 

The level of difficulty for test participants to follow the routes was 
judged in several different ways. One method was for observers to 
register if test persons deviated from the route by more than 0.7 m 
and, if so, how many times this occurred. Two test routes were easier 
to follow than others; test route 4 (sinusoidal paving 210 x 210 mm 
surrounded by concrete slabs without chamfered edges) and test 
route 13 (UK Cycleway Paving surrounded by concrete slabs with 
chamfered edges). Only one person deviated more than 0.7 m from 
route 4 and none from route 13, Figure 3.8.

 

The routes where most people deviated by more than 0.7 m were 
test route 7 (three rows of small cobblestones surrounded by con-
crete slabs without chamfered edges), test route 8 (stormwater metal 
drain surrounded by concrete slabs without chamfered edges), and 
test route 9 (UK Directional Guidance Paving surrounded by small 
cobblestones). More than half of the test persons deviated on these 
three routes. On all of these routes, 4-5 persons deviated from the 
guidance surface 2-4 times. 
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Figure 3.8. Lateral deviations (> 0.7 m), objective assessment.



3.4.2 Losing contact / need for assistance 

Another way to judge how easy or difficult it was to follow the 
route was to register if the test person lost contact with the test 
route and how many times this happened. The assessments are 
almost completely in agreement with the measurement of if and 
how often the test persons deviated more than 0.7 m from the 
different routes as noted above. It was therefore mainly test 
routes 7, 8, and 9 (and to some extent test routes 3 and 14) 
where test participants lost contact with the guidance surface. 
The number of times contact was lost with each route is shown 
in Figure 3.9. The results clearly show that if a participant de-
viated more than 0.7 m from a guidance surface there was 
a very great risk that the person also lost contact with the route. 

A third method to assess how easy or difficult it was to follow a 
route was to register if and how often test persons needed help 
to find their way back to the guidance surface once they had lost 
contact. This assessment reinforces the two earlier assessments 
reported, i.e. the four routes where deviation was great, test 
routes 7, 8, 9, (and to some extent test route 3), were routes 
where a large number of test persons also needed help to find 
their way back to the guidance surface, Figure 3.10. 
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Figure 3.9. The number of test persons that deviated from each respective 
route, objective assessment.



Test route 7 (three rows of small cobblestones surrounded by con-
crete slabs without chamfered edges) and test route 9 (UK Direction-
al Guidance Paving surrounded by small cobblestones) were once 
again the routes where people required most help in refinding the 
guidance surface. Half of the participants were not able to com-
plete route 7 unassisted. The number of times people needed help 
corresponds with the number of times people lost contact with the 
route, see Figure 3.9 above.

The most difficult test routes, according to a subjective assess-
ment in the interviews, were test route 3 (ribbed paving 350 x 350 
mm surrounded by concrete slabs without chamfered edges), test 
route 6 (rubber ribbed paving surrounded by concrete slabs without 
chamfered edges), test route 7 (three rows of small cobblestones 
surrounded by concrete slabs without chamfered edges), test route 
8 (stormwater metal drain surrounded by concrete slabs without 
chamfered edges), test route 9 (UK Directional Guidance Paving sur-
rounded by small cobblestones) and test route 10 (concrete slabs 
with short ribs), Figure 3.11. Four of these test routes were judged 
as difficult to follow by a majority of the 14 trial participants.
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Figure 3.10. Help needed to refind the route, objective assessment.
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In a similar way, according to the test participants four rou-
tes were easier to follow than others: test route 1 (sinusoidal 
paving 350 x350 mm surrounded by concrete slabs without 
chamfered edges), test route 2 (sinusoidal paving 350 x 
350 mm surrounded by concrete slabs with chamfered edges), 
test route 4 (sinusoidal paving 210 x 210 mm surrounded by 
concrete slabs without chamfered edges), test route 11 (UK 
Hazard Warning Paving surrounded by concrete slabs without 
chamfered edges) and test route 12 (UK Directional Guidance 
Paving surrounded by concrete slabs with chamfered edges). 
Ten or more people judged these routes as easy to follow. 

There are clear similarities between the subjective evaluation 
and the object assessment of which routes were difficult and 
easy to follow, Figure 3.12. According to the objective assess-
ment, three routes were found to be particularly difficult to fol-
low. These were test route 7 (three rows of cobblestones sur-
rounded by concrete slabs without chamfered edges), test route 
8 (stormwater metal drain surrounded by concrete slabs without 
chamfered edges), and test route 9 (UK Directional Guidance 
Paving surrounded by small cobblestones).
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Figure 3.11. Assessment of routes based on how easy/difficult they were to 
follow, subjective evaluation.
(columns in the figure do not include the value 3 on the scale of 1-5, i.e. the assess-
ment neither easy nor difficult)



0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

very difficult

quite difficult

neither easy 
nor difficult

quite easy

very easy

Test route

N
u
m

b
er

 o
f 
p
eo

p
le

Objective assessment
Following the route

How easy

Four of these test routes were particularly easy for most participants 
to follow. These were test route 4 (sinusoidal paving 210 x 210 mm 
surrounded by concrete slabs without chamfered edges), test route 
5 (sinusoidal paving 210 x 210 mm surrounded by concrete slabs 
with chamfered edges), test route 11 (UK Hazard Warning Paving 
surrounded by concrete slabs without chamfered edges), test route 
12 (UK Directional Guidance Paving surrounded by concrete slabs 
with chamfered edges), and test route 13 (UK Cycleway Paving sur-
rounded by concrete slabs with chamfered edges).

Both the objective assessment and the subjective evaluation indica-
ted therefore that test routes containing small cobblestones, either 
as part of the guidance surface or as surrounding material, were 
difficult to follow. Materials that were easiest to follow appear to be 
guidance surface materials that have soft edges and provide a slight 
sinusoidal wave effect that can be discerned by the long white cane. 
The long white cane must not stick on the guidance surface or the 
surrounding material. 
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Figure 3.12. Assessment of routes based on how easy/difficult they were to 
follow, objective assessment.



3.5 Walking on the route 

3.5.1 Foot placement 

All test participants walked with both feet on all of the test rou-
tes apart from three: test route 8 (stormwater metal drain sur-
rounded by concrete slabs without chamfered edges), and test 
routes 14 and 15, i.e. the two routes with delineator strips 
between pedestrian and cycle paths and where participants 
were to walk alongside the route. All of these routes were too 
narrow to follow with both feet.

The placement of feet on the route was also an indication of 
how easy or difficult it was to follow the route. This was mainly 
observed if the person walked both on the test route and on 
either side of the route with one or both feet. Test participants 
swayed significantly on two test routes and sometimes had both 
feet on one side of the guidance surface and sometimes on the 
opposite side, Figure 3.13. These were test route 7 (three 
rows of small cobblestones surrounded by concrete slabs with-
out chamfered edges) and test route 8 (stormwater metal drain 
surrounded by concrete slabs without chamfered edges). These 
two test routes were narrow, which to some extent explains the 
walking behaviour. The figure shows that a few test participants 
walked to one side of the guidance surface on all routes.
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Figure 3.13. Foot placement on / to one side of the route, 
objective assessment.



3.5.2 Sticking with the long white cane 

A light, gliding movement with the long white cane without sudden halts 
is one important factor for a comfortable and safe navigation of the 
route. The objective assessment showed that the long white cane stuck 
on most routes and for a majority of test participants, often sticking 
more than once, Figure 3.14. The long white cane stuck either in the 
guidance surface or in the surrounding material.

The five test routes where a majority of test participants did not stick 
with the long white cane were test route 3 (ribbed paving 350 x 350 mm 
surrounded by concrete slabs without chamfered edges), test route 4 
(sinusoidal paving 210 x 210 mm surrounded by concrete slabs without 
chamfered edges), to some extent test route 5 (sinusoidal paving 210 x 
210 mm surrounded by concrete slabs with chamfered edges), test route 
13 (UK Cycleway Paving surrounded by concrete slabs with chamfered 
edges), and test route 15 (delineator between pedestrian and cycle path 
using the UK model, i.e. white road marking line with a 150 mm base 
and 50 mm top). Test routes where the long white cane stuck for all 
participants were test routes 7, 8, and 9, i.e. the routes which included 
small cobblestones either in the guidance surface or as surrounding ma-
terial, and where the guidance surface was a narrow stormwater metal 
drain.

In a similar way, an objective assessment was made of whether the long 
white cane stuck in the warning surface on the test route, see Figure 
3.15. The results reflected a similar pattern to the results for the guid-
ance surface; a majority of long white canes stuck. The exceptions were 
hazard warning surfaces on test routes 1, 2, and 3. These warning sur-
faces have domes of various forms, heights and diameters. The reason 
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Figure 3.14. Long white cane sticking in the guidance surface, 
objective assessment.



3.5.3 Stopping on the route 

The objective assessment also registered if the test person stopped 
while walking on the test route, Figure 3.16. One reason that test 
participants stopped on the route could be that the long white cane 
had stuck in the guidance surface or in the surrounding material, or 
that participants became unsure and stopped to change direction. 
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Figure 3.15. Long white cane sticking in the warning surface, 
objective assessment.

Figure 3.16. Stopping on the guidance surface, objective assessment.

white canes did not stick in the test routes 1 and 2 was probably 
that the blisters were rounded, without sharp edges. On test route 
3, the domes were so low that the structure could not be detected 
with the long white cane.



The figure shows that at least some participants needed to stop when 
walking on all test routes. On test route 7 (three rows of small cobble-
stones surrounded by concrete slabs without chamfered edges) a majo-
rity of test participants stopped, 8 of 14 people. Some people stop-
ped up to four times on this route. A relatively large number of test 
participants needed to stop on both test routes that included a central 
delineator strip between pedestrian and cycle paths and on test route 
8 (stormwater metal drain surrounded by concrete slabs without cham-
fered edges).

3.6 Identifying the end of the route 

The test routes ended in the same way as they had begun, i.e. most of 
the test routes ended with a warning surface, often with blister paving, 
between 800 x 800 mm and 1 200 x 1 200 mm. This was followed by a 
4 metre surrounding surface, often using concrete slabs. Blister paving 
is widely used in pedestrian environments today to warn of various 
types of dangers. A common use is as a warning on a pedestrian sur-
face near a road with a pedestrian crossing.

The tests showed that blister paving had a limited effect as warning 
slabs. The objective assessment revealed that on all routes only a mi-
nority of participants noticed the hazard warning surface at all, Figure 
3.17. However, on test route 15 a majority of participants noticed that 
the route changed material to a hazard warning surface. This route was 
a marked delineator strip between pedestrian and cycle paths using a 
UK model, i.e. white road marking line. The warning surface comprised 
UK Cycleway Paving covering an area 2 400 x 1 200 mm.
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Figure 3.17. Identifying the warning surface at the end of the guidance route, 
objective assessment. 



In a similar way, an objective assessment was made of whether test 
participants noticed when the test route ended. This was an impor-
tant test, as routes with warning surfaces often warn pedestrians 
of a road with a crossing. In practice, this means the person enters 
the road almost immediately after the hazard warning surface. The 
objective assessment showed that none of the test routes were opti-
mal, in the sense that all participants stopped within one metre of 
the end of the warning surface, Figure 3.18. 

On six of the routes at least half of the test persons stopped within 
one metre of the end of the route. The greatest difficulty identify-
ing the end of the route and the hazard warning was experienced 
on test route 7 (three rows of cobblestones (and stop surface in 
small cobblestones) surrounded by concrete slabs without cham-
fered edges) and on test route 9 (UK Directional Guidance Paving 
surrounded by small cobblestones) where none of the participants 
noticed that the route had ended but continued walking forwards. 
It was also difficult for test persons to identify the end of test route 
10 (concrete slabs with short ribs and a warning surface comprising 
blister slabs UK Platform Edge Paving in concrete surrounded by 
concrete slabs without chamfered edges). 
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Figure 3.18. Identifying the end of the test route, objective evaluation.



3.7 Easy or difficult to walk on the route 

3.7.1 Easy, comfortable, safe 

Test participants were each asked to evaluate how easy, comfor-
table, and safe they felt walking on each test route, Figure 3.19.
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The interviews revealed that certain test routes were significantly 
better than others irrespective of how the test participants were 
asked to evaluate the routes (easy, pleasant, safe). These routes 
were test route 1 (sinusoidal paving 350 x350 mm surrounded by 
concrete slabs without chamfered edges), test route 2 (sinusoidal 
paving 350 x 350 mm surrounded by concrete slabs with cham-
fered edges), test route 4 (sinusoidal paving 210 x 210 mm sur-
rounded by concrete slabs without chamfered edges), test route 
5 (sinusoidal paving 210 x 210 mm surrounded by concrete slabs 
with chamfered edges), test route 11 (UK Hazard Warning Paving 
surrounded by concrete slabs without chamfered edges) and test 
route 13 (UK Cycleway Paving surrounded by concrete slabs with 
chamfered edges). For each of these test routes more test parti-
cipants judged the route on the positive side of the scale than on 
the negative. Test route 6 (rubber ribbed paving surrounded by 
concrete slabs without chamfered edges) and test route 12 (UK Di-
rectional Guidance Paving surrounded by concrete slabs with cham-
fered edges) were also to some extent given a positive evaluation.
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Figure 3.19. How easy/difficult, pleasant/unpleasant, safe/unsafe is it to 
walk on the guidance surface, subjective evaluation.
(columns in the figure do not include the value 3 on the scale of 1-5, i.e. the assess-
ment neither easy nor difficult, neither pleasant or unpleasant and neither safe or 
unsafe)



3.7.2 Secure 

There was also an assessment of how secure the route was, in part by the 
test participants themselves (subjective evaluation), in part by the obser-
vers (objective assessment). Firstly it can be noted that the routes which 
a majority of test participants experienced as secure were test routes 1 
(sinusoidal paving 350 x 350 mm surrounded by concrete slabs without 
chamfered edges), test route 4 (sinusoidal paving 210 x 210 mm surroun-
ded by concrete slabs without chamfered edges), test route 5 (sinusoidal 
paving 210 x 210 mm surrounded by concrete slabs with chamfered ed-
ges) and test route 11 (UK Hazard Warning Paving surrounded by concrete 
slabs without chamfered edges). Test route 12 (UK Directional Guidance 
Paving surrounded by concrete slabs with chamfered edges) was also ex-
perienced by test participants as being highly secure, Figure 3.20. 

Four routes were experienced as particularly insecure by participants. 
test route 3 (ribbed paving 350 x 350 mm surrounded by concrete slabs 
without chamfered edges), test route 7 (three rows of small cobblestones 
surrounded by concrete slabs without chamfered edges), test route 8 
(stormwater metal drain surrounded by concrete slabs without chamfered 
edges), and test route 9 (UK Directional Guidance Paving surrounded by 
small cobblestones). The two routes that marked a delineator strip be-
tween pedestrian and cycle paths, i.e. test routes 14 and 15, were also 
viewed as insecure routes.
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Figure 3.20. How secure is the guidance surface to walk on, subjective evaluation.
(columns in the figure do not include the value 3 on the scale of 1-5, i.e. the assessment 
neither secure nor insecure)



The objective assessment by observers is consistent to some ex-
tent with evaluations by the test participants, Figure 3.21. Only 
three routes were judged as reasonably secure for at least half of 
the test participants, namely test route 4 (sinusoidal paving 210 x 
210 mm surrounded by concrete slabs without chamfered edges), 
test route 5 (sinusoidal paving 210 x 210 mm surrounded by con-
crete slabs with chamfered edges) and test route 12 (UK Directio-
nal Guidance surrounded by chamfered edges). Note however that 
only seven and eight people respectively (of 14) judged these test 
routes as secure. 

Observers and test participants almost completely agreed on which 
test routes were particularly insecure, which were test route 7 
(three rows of small cobblestones surrounded by concrete slabs 
without chamfered edges) and test route 9 (UK Directional Guid-
ance Paving surrounded by small cobblestones) and to some extent 
test route 8 (stormwater metal drain surrounded by concrete slabs 
without chamfered edges). All three routes contained small cobble-
stones either on the route or as surrounding material.
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Figure 3.21. How secure is the guidance surface to walk on, 
objective assessment. 



3.8 Sensing the difference between materials on 
the trial route 

During the interviews, test participants were also asked if they had 
found any difference between the guidance surface and surrounding 
material, or between different materials used on the test route. Test 
participants were asked to evaluate how easy or difficult it was to no-
tice the differences. The interviews showed that it was relatively easy 
to feel the difference between the surrounding material and the route 
on most of the routes, Figure 3.22. 

 

The test routes where the difference was easiest to feel were, accor-
ding to the participants, once again routes 1, 2, 4, 11, and test route 
12, followed by test route 5 (sinusoidal paving 210 x 210 mm surroun-
ded by concrete slabs with chamfered edges), test route 10 (concrete 
slabs with short ribs surrounded by concrete slabs without chamfered 
edges), and test route 14 (delineator between pedestrian and cycle 
paths comprising five rows of small cobblestones, with a 20 mm high 
arch, 500 mm wide). The results show significant concurrence between 
the evaluations by test participants of route security.

To notice the differences between the various materials used on test 
routes, i.e. the difference between the route surface and the warning 
surface, was more difficult, Figure 3.23. 
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Figure 3.22. Noticing the difference between route and surrounding surfaces, 
subjective evaluation.
(columns in the figure do not include the value 3 on the scale of 1-5, i.e. the assess-
ment neither easy nor difficult)



A majority of test participants found it difficult to notice any difference 
between the surface structures or did not notice any difference at all for 
all of the test routes except four. The exceptions were test route 4 (guid-
ance surface sinusoidal paving 210 x 210 mm and a hazard warning 
surface on 5 mm flat-topped blisters), test route 8 (guidance surface 
stormwater metal drain and warning surface comprising 7 mm flat-top-
ped blisters), test route 12 (UK Directional Guidance Paving and war-
ning surface comprising 5 mm flat-topped blisters), and test route 15 
(delineator strip between pedestrian and cycle path using the UK model, 
i.e. white road marking line and warning surface UK Cycleway Paving 3 
mm high). The result of this subjective evaluation is consistent with the 
objective assessment by observers of test participants identifying the 
hazard warning surface at the end of the route, see Figure 3.17 above. 

3.9 Route usability 
The final question to test participants was whether they believed the 
test routes were usable or not. This question was on a scale of 1-10, 
where 1 represented ”not usable at all” and 10 ”very usable”, Figure 
3.24. Routes that received a 6 or above, i.e. the positive half of the 
scale, were test route 4 (sinusoidal paving 210 x 210 mm surrounded 
by concrete slabs without chamfered edges), test route 11 (UK Hazard 
Warning Paving surrounded by concrete slabs without chamfered ed-
ges), and test route 12 (UK Directional Paving surrounded by concrete 
slabs with chamfered edges). Four test routes received a 5: test route 1 
(sinusoidal paving 350 x 350 mm surrounded by concrete slabs without 
chamfered edges), test route 2 (sinusoidal paving 350 x 350 mm sur-
rounded by concrete slabs with chamfered edges), test route 5 (sinusoi-
dal paving 210 x 210 mm surrounded by concrete slabs with chamfered 
edges), and test route 13 (UK Cycleway Paving surrounded by concrete 
slabs with chamfered edges).
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Figure 3.23. Noticing the difference between different materials used on the route, 
subjective evaluation.



Figure 3.24. Usability of the route, subjective evaluation.
(value 1 = not usable at all and value 10 = very usable)

The three routes that received a positive evaluation from a ma-
jority of participants also received positive rankings for almost 
all other factors assessed by the test participants. The three test 
routes were also judged to be easy to follow according to observer 
assessments. In part, lateral deviations were less than 0.7 m, 
in part test participants did not lose contact with the route. It was 
also easy for test persons to identify the beginning of these routes 
and relatively easy to identify when they ended. However, ob-
servers assessed only one test route as relatively secure for test 
participants, namely test route 4 (sinusoidal paving 210 x 210 mm 
surrounded by concrete slabs without chamfered edges). To some 
extent, test route 12 (UK Directional Paving surrounded by con-
crete slabs with chamfered edges) was also judged as relatively 
secure. 
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4.1 Results summary 

Guidance surfaces: The sinusoidal paving slabs used on test routes 
1, 2, 4, and 5, and the UK warning slabs on test route 11 and UK 
guidance surface on test route 12 were judged to be usable guid-
ance routes. All of these were considered as positive to ”find, follow 
and walk on” and were on the upper half of the scale for ”usability”.

Guidance surfaces with non-chamfered edges seem to offer a 
smoother walking pattern. Guidance surfaces on test routes 1 and 2 
had chamfered edges longitudinally, which meant test participants 
experienced difficulties with the long white cane sticking in the 
joint when they walked along these surfaces. Guidance surfaces for 
routes 4 and 5 had non-chamfered edges, which resulted in a much 
smoother walking pattern. 

Surrounding materials are very important. Smoother surroundings 
make it easier to ”feel the difference compared with the route” and 
also to ”follow the route”. The UK guidance surface was included on 
two test routes – test routes 9 and 12. Test route 9 was surrounded 
with small cobblestones while the surrounding surface for test route 
12 was concrete slabs with chamfered edges. Test route 9 was un-
usable, while test route 12 was among routes that were judged as 
usable. 

If warning surfaces are to be identified then they should be desig-
ned so that canes stick in them. However, the structure should not 
be so high that there is a risk that other people trip. The blister 
paving on test routes 4, 5, 6, 8, 10, and 12 seemed to be easier to 
find than those on test routes 1, 2, and 3 as white canes became 
stuck in the earlier slabs. 

At the beginning of the route – when users moved from the smooth 
concrete slabs – more people noticed the blister slab than at the 
end of the route. The structural difference between the surfaces 
was much greater where the blister paving was first noticed. 

The two test routes where it was difficult to find the route at all 
using the surface guidance structure were routes 3 and 9. The low 
rib height on test route 3 meant users could not identify any dif-
ference in height between the ribs and the slab base. For test route 
9, the difficulties were a result of the long white cane jumping on 
the surrounding material which meant users could not achieve the 
calm, sinusoidal wave movements, that the same guidance surface 
offered on test route 12.
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Concentration was disturbed as soon as the long white cane jumped or 
stuck in the guidance surface or surrounding material, and it became 
difficult to register the difference between guidance surface and sur-
rounding material. This was irrespective of where the unevenness 
occurred. 

Test routes 1, 4, 5, 11, and 12 were considered ”secure”. 
Test routes 1, 2, 4, 5, 11, 12, and 13 were judged as ”usable”.
Test routes 1, 2, 4, 5, and 11 were regarded as ”safe”.
If the long white cane stuck for some reason the user came to a halt, 
lost direction, had difficulty finding his or her bearings again and 
needed help.

Test routes 3, 7, 8, 9, and 10 all had low and differing subjective and 
objective values. The routes were difficult to follow, users became 
stuck, swayed and walked on first one and then the other side of the 
route.

An 80 cm wide guidance surface was too wide (test routes 11, 12, and 
13). Test participants commented on the width by saying that they felt 
insecure as they could not feel the outer edges of the test route. The 
narrow routes – 13-35 cm – seemed to be too narrow to walk on. Only 
the long white cane could be used to follow these and this was clearly 
difficult.

4.2 Comments 

The study has both confirmed and rejected results from earlier trials 
listed in the reference literature or results from other sources. Firstly, 
we can note that blind persons had great difficulty in feeling the diffe-
rence between guidance surfaces and warning surfaces currently used 
in the physical environment. This study showed that when guidance 
routes are built that end with a warning surface of blister paving, com-
pletely blind people are not made sufficiently aware of the danger. The 
reason for this is that the differences in indications in the hand from 
the long white cane were not sufficiently different when moving from a 
guidance surface with ribbed or sinusoidal paving to a warning surface 
with blister paving. 

A majority of test participants in this study did not notice the transition 
from guidance surface to warning surface until several metres after the 
end of the warning surface. In practice this meant the person would 
be several metres onto the road if there was no edge to indicate the 
transition from pedestrian walkway to road. Test participants found it 
slightly easier to identify the hazard warning surface if the transition 
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was from a smooth surface, which was the case at the beginning 
of each test route in the trial. The results also showed that many 
more people identified the beginning of the test route than its end. 
Blister paving with flat-topped blisters were slightly easier to iden-
tify than slabs with rounded domes. 

One of the test routes included a design that is common in Sweden 
today: ribbed paving and blister paving flat-topped blisters, both 
structures are 2.5 mm high. Tests with visually impaired people 
in the late 1980s found this combination usable. This opinion has 
been modified in more recent years. In real environments that use 
this type of guidance route, blind persons have experienced great 
difficulty in identifying and finding the route. This combination was 
included in the trials and the difficulties were verified. We noted 
that if the route was identified it was not because of the difference 
in structure but because of differences in sound, which test partici-
pants also commented on. These differences in sound were depen-
dent on whether the slabs were dry or wet pressed, irrespective of 
type of slab. 

The use of sound for identification and guidance is however not 
useable in a real traffic environment. The fact that several test 
participants could hear a difference in sound during the trials was 
because the tests were carried out in a sheltered environment, 
without other distracting sounds or other distractions, such as 
other road users. Test participants pointed this out in interviews. 
That the combination of 2.5 mm high ribbed and blister paving was 
originally thought to be usable, and has as a result been widely 
used, was probably because these tests in the 1980s were also 
carried out in an environment free from interference. 

Another important observation during the tests was how the long 
white cane moved across the ground. We noted that ground that 
provided a soft and even sinusoidal wave movement in the long 
white cane and its extension the hand, were assessed and evalua-
ted as most usable and easy to follow. Of the test routes used in 
this study, both the sinusoidal slabs and certain ribbed slabs produ-
ced this movement. Other surface structures that were not tested 
in this trial, both sunken and raised, offer the same qualities, i.e. 
the long white cane can dip without sticking. In this respect, it is 
important not only with the width of the raised or sunken area but 
also the relationship between the widths of the raised and sunken 
parts of the structures.
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Another important observation during the trials was that even slight 
chamfers on slab edges resulted in the long white cane sticking, irre-
spective of whether the chamfer was on the guidance surface or on 
surrounding material. This led to repeated stoppages for test partici-
pants, which impacted both the walking rhythm and the opportunity 
to orientate themselves on the guidance surface. Constant stoppa-
ges can cause completely blind persons to easily lose the direction of 
the guidance surface, requiring them to search the surface to regain 
their bearings. This was experienced by several test participants as 
a narrowing of the guidance route at certain points or that the test 
route turned. The surface structures that provided the positive qua-
lity of sinusoidal movements with the long white cane were not as 
useable if the slabs had chamfered edges compared with non-cham-
fered. This was because the long white cane stuck in the chamfer. 
The same was true if the surrounding slabs had chamfered or non-
chamfered edges. Another observation was that guidance surfaces 
with ribs also resulted in sudden stoppages when the ribs were not 
completely edge to edge at the joint between paving slabs. 
In this context, the problem of small cobblestones is also worth 
discussing. On two of the test routes small cobblestones were used 
as part of the guidance route and on one as part of the surrounding 
material. Small cobblestones in the guidance surface led to continu-
ous stoppages because of sticking white canes, which in turn meant 
test participants often lost contact with the guidance route. A sur-
face structure with small cobblestones always entails frequent joints, 
which makes this material unsuitable for use as a guidance surface. 
The tests also showed that even small cobblestones as surrounding 
material resulted in sticking in the joints and that the difference in 
structure compared with more suitable guidance routes (that provide 
sinusoidal movement) was so small that blind persons had great dif-
ficulty in locating the guidance route at all. 

The problem with the sticking long white cane and the resulting 
problems for blind persons in following the guidance route also em-
braces other dimensions in addition to a stuttering walk, constant 
stoppages and difficulties in orientation. It also influences security, 
both the experienced security and the real. The strain on individuals 
is great; users must concentrate all the time, which requires a sub-
stantial effort. This affects the level of attentiveness on other impor-
tant factors in traffic, which test participants noted immediately and 
expressed as insecurity, and observers noted during the tests.

One important question that was often discussed is how wide a guid-
ance route should be. The test surfaces that were part of the trial 
were designed using different widths (130 - 800 mm), though the 
same guidance route was not tested with more than one width. Pre-
vious trials in Sweden have found that the width should be slightly 
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more than shoulder width. In practice this has often meant two 
rows of slabs (about 700 mm). The reason for this particular width 
is that people should be able to use the long white cane to identify 
potential dangers in front of their own body. 

Results of the trials show that both test participants and obser-
vers found the narrow guidance surfaces (130 – 350 mm) difficult 
to follow. Test persons often lost contact and needed help to find 
their way back to the guidance surface again. The widest routes 
(800 mm) were regarded as too wide. Test participants were un-
sure of whether they were still on the guidance surface or not, as 
they did not always maintain contact with the surrounding surface 
when they walked on the guidance route. This trial offers no direct 
answer to the issue of a suitable width, but we could observe from 
the trial that guidance routes that were too narrow (small cobble-
stones and stormwater drains, with or without small cobblestones) 
were not suitable either. Narrow routes that offered sinusoidal 
movements with the long white cane have not been tested. It is 
possible that this type of guidance route could provide enough 
information at a width of about 350 mm, but further tests must 
naturally be carried out. One reason for doubt, is that at a width 
of 350 mm users cannot walk with both feet on the guidance route.

The trial also included two test surfaces for tactile separation of 
pedestrian and cycle paths. Test participants were required to walk 
on the pedestrian path and identify this central delineator strip 
from the side. We noted that neither of the structures, neither the 
arched surface with small cobblestones which was about 500 mm 
wide nor the 10 mm high road marking line, was sufficient for a 
blind person to safely navigate the route. By this, we mean that 
pedestrians should be able to use the pedestrian walkway without 
accidentally walking onto the cycle path or catching a bicycle wheel 
with the long white cane. 

As mentioned in section 2.4, four physically disabled persons also 
tested the various guidance and warning surfaces. The aim with 
this was to see if the tested structures were an obstacle or caused 
difficulties to walk on or drive over for these groups. We noted that 
for persons with walking aids on wheels (walking frame or wheel-
chair) the guidance surfaces which were useable for blind persons 
were generally inconvenient for these groups. The reason for this 
was that on these surfaces front and back wheels roll on different 
tracks, which results in shaky and unsteady rolling with a walking 
frame or wheelchair. It is therefore important that the smooth part 
of the pavement alongside a guidance route is wide enough to ac-
commodate a person using this type of walking aid. The width of 
the guidance paths tested in this trial (up to 800 mm) presented 
no problems for users that walked straight across them. 
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4.3 Continued research 

The trial has clearly illustrated the need for research about visually 
impaired people and guidance routes. In this study, we have parti-
cularly focused on opportunities for blind persons to identify diffe-
rent surface structures using a long white cane. Many new questions 
have arisen during the trial. These include basic questions about 
when artificial guidance routes should be used, how they should be 
designed at roundabouts or raised pedestrian passageways, and 
which combinations of materials provide the information required. 
Even if this project has not studied luminance contrast, there is a 
great need for systematic research in this field, such as the size of 
surfaces in relation to the differences in luminance on the contras-
ting surfaces.

With regard to tactility, it is important that experiences from this 
project are utilized. The combinations of guidance surfaces that were 
found to be most usable in this project should be tested in a real 
traffic environment. This is important as some of the findings of this 
trial in a controlled environment indicate that there are many distur-
bing factors in the traffic environment that impact a blind person’s 
concentration and opportunities to detect and follow a guidance 
route. A project of this nature should use a clear route from a star-
ting point to a target point, including both natural and artificial 
guidance surfaces, and also points offering choices and warnings. 
This trial should also include a solution for crossing a cycle and road 
carriageway. Another item for further study is the problem of winter 
conditions. In part, this concerns the opportunity to use guidance 
routes when there is snow and ice. In part, this also concerns the 
operation and maintenance of guidance and warning surfaces and 
how this impacts the materials.

For continuing research, it is important to incorporate a European 
perspective as standardisation work is already underway.
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