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Considering that the ratio of elderly people will increase 
in the future, we focused in this research on how to deal with 
passengers whose visual functions have weakened with age.  
However, symptoms affect each other and severity of symptoms 
differs from person to person.  So, we combined field surveys 
with surveys on visual perception.

2.2 Overall Perspective of the Research
The flow of the research is shown in Fig. 1.  We carried out 
interviews in places such as in a station with 30 elderly 
passengers and three passengers with low vision regarding the 
visual environment related to guide signs in stations.  Taking 
into consideration the results of the interview, we selected four 
visual problems characteristic of elderly people that seemed 
to affect visual perception of guide signs and studied those 
problems in the laboratory.  The four visual problems selected 
were ① deterioration of sensitivity to blue, ② limited upper 
view, ③ photophobia*1 due to cataracts and ④ failing vision.  
To identify how the elderly obtain information, we carried 
out behavior surveys and studied how information is obtained 
while in motion.
*1  Photophobia: Excessive sensitivity to brightness.  Cataract patients are 

sensitive to light at lower brightness since cloudiness of the lens caused by 
cataracts causes to defuse reflection of light.

Stations of JR East are equipped with guide signs that provide 
appropriate direction information where needed to allow 
passengers to move in the station smoothly with peace of  
mind.  The present design of guide signs was decided on 
just after the breakup and privatization of Japan National 
Railways, and it is still in use today having undergone repeated 
improvements to make facilities barrier-free and to handle the 
increasing number of foreign visitors.

In this research, we took into account the increased importance 
of the concept of universal design in guidelines2) with Japan’s 
new barrier-free act1) that came into effect in 2006, and we 
considered how to meet future passenger requirements.  As 
a result, we focused on visual universal design and identified 
related problems.

Overview of the Research2
2.1 Background
Vision problems are generally thought to vary in terms of 
symptoms and level.  An existing survey report3) states that 
visually-impaired persons vary from those who are totally 
blind to those with low vision, with different levels and  
details of impairment.  Table 1 summarizes the symptoms and 
estimated number of patients of ailments that are considered 
to affect visual functions.  As shown, cataracts, glaucoma 
and other ailments that come with age stand out, and those 
ailments cause more than one symptom.
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The ratio of elderly people in the population will increase with the decline in birthrates and the aging of society.  This 
means more measures will have to be taken for stations to allow the elderly to use them with peace of mind.  Changes in 
physical constitution and bodily function generally come with aging.  Thus, the target of this research is a station guide sign 
system that provides information by various display methods.  Experiments proved that cataracts, deterioration of color 
vision and other changes in visual functions that come with age cause symptoms characteristic of elderly people in terms 
of perception of colors and sensitivity to glare.  The elderly therefore perceive guide signs differently than younger people 
do.  We plan to make use of our research results in planning guide signs while taking the elderly into consideration.
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Fig. 1  Overview of Interviews

Table 1  Number of Patients of Major Eye Ailments 
and Major Symptoms of Those

1294 ● ● ● ● ● ●

544 ● ● ●

347 ● ●

199 ●

86 ● ●

86 ●

40 ● ●

12 ●

Cataracts
Glaucoma
Conjunctivitis
Astigmatism
Corneitis
Myopia
Retinal detachment
Hyperopia

Number of 
patients 
(in 1,000 
persons)

Sensitivity 
to glare

Failing 
vision Blurring Cloudy 

vision
Double 
vision

Difficult to 
see at low 
contrast

Limited or 
contracted 
view

Astigmatism Myopia Hyperopia

Sources 
・Number of patients: Ministry of Health, Labour and Welfare (MHLW)
・Ailments and symptoms: Website of Japan Ophthalmologists Association, 
  Report of Research on Sign Environment Improvement for People with Defective Color Vision and 
  Low Vision (Foundation for Promoting Personal Mobility and Ecological Transportation)

・Interview (1) (21 elderly test subjects)
・Interview (2) (9 elderly test subjects, 3 test subjects with low vision)

・Survey of visual perception of guide signs in stations (in-laboratory survey)
  (17 elderly test subjects, 5 younger test subjects, 5 test subjects with poor 
    color vision and 5 test subjects with low vision)

・Summarizing

(Examples of comments)
・White text on blue background is more legible than on the green background.
・Bright external light made guide signs difficult to read.

・Size and contrast of text affect visual perception.
・Visual perception of displaying with blue and other line identification colors is distinctive. 
・Intense light in the field of view deteriorates visual perception of guide signs display.

・Behavior survey (8 elderly test 
   subjects, 4 younger test subjects)

Comments by experts (visual problems characteristic of elderly people)

Problems with visual environment of guide signs

① Deterioration of ability to see blue
② Limited upper view
③ Photophobia due to cataracts
④ Failing vision

・Extracted visual problems characteristic of elderly people

Hypothesis

Verification Eye test Evaluation of 
visual perception
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3.3.2 Comparison of Contrast for Text in Ordinary Printing 
and Reverse Printing

For elderly test subjects, 16 of 17 test subjects replied that text 
was clearly legible at 0.99 contrast.  However, only 10 of the 17 
replied so at 0.65 or less contrast with ordinary printing and 13 
of 17 at that contrast with reverse printing (Fig. 3).

3.3.3 Visual Perception of Blue Characters on Black 
Background

From the results of the color perception test, we supposed 
that blue text would be seen too dark for the elderly people in 
particular to see clearly, and many of those test subjects would say 
such text is illegible.  But, in actuality, there was no remarkable 
difference from the responses of younger test subjects.  Factors 
behind it should be investigated, and one method of doing that 
could be to survey and investigate by showing samples using 
LED or LCD displays.

3.3.4 Visual Perception of Different Background Colors
We used green, blue, orange and gray at six different levels of 
luminance as the background colors to test.  White characters 
were displayed on each of the sample colors, one of which 
(sample No. 4) was adjusted to the luminance ratio currently 
applied to our line identification colors.  With sample No. 4 that 
was reproduced in colors similar to our line identification colors, 
elderly test subjects responded that blue and orange backgrounds 
in particular were easier to read than gray backgrounds and  
that green backgrounds were difficult to read.

Survey of Visual Perception of Guide 
Signs in Stations (In-laboratory Survey)3

3.1 Survey Details 
We showed test subjects in a meeting room colors and text 
actually used in guide signs projected on a screen, and the test 
subjects stated how they perceived those colors and text.  Such 
information was converted into evaluation of visual perception 
in a 10 m visual range based on results gained in the meeting 
room test environment.

The test subjects also received a vision check by an 
ophthalmologist and an eye test specialist using testing equipment 
set up in the meeting room (Table 2).

3.2 Breakdown and Attributes of Test Subjects
The test subjects consisted of 17 elderly persons, five younger  
persons without visual problems, five persons with poor color 
vision and five persons with low vision.  All of 17 elderly 
people were confirmed as having some degree of impaired color 
perception for blues and yellows whereby they have difficulty 
distinguishing dark blue from black.  None of five younger  
people had that impairment.  Three of the elderly test subjects 
had cataract operations and other 14 persons were confirmed  
as having mild to moderate cortical opacity.  Droopy eyelids  
were seen with only one of the elderly test subjects.

3.3 Survey Results
3.3.1 Comparison of Text Sizes with Ordinary Printing*2 and 

Reverse Printing*3

With text using Japanese characters having stroke counts of 
5 to 10 in ordinary printing, all of the elderly test subjects, 
younger test subjects and test subjects with poor color vision 
replied that text was clearly legible at 100 mm text height.  At 
80 mm text height 80% of the test subjects replied that text 
was clearly legible.  With reverse printing, visual perception of 
text by younger test subjects and test subjects with low vision 
was slightly higher at 80 mm or larger text height.  In contrast, 
visual perception was lower than with ordinary printing at  
50 mm or less text height, particularly by elderly test subjects 
and test subjects with low vision.

Visual perception of text using Japanese characters having 
stroke counts of 11 to 15 by elderly test subjects was lower at 
all sizes for both ordinary and reverse printing compared to 
text using characters with stroke counts of less than 10.  Visual 
perception at 50 mm or smaller text height was lower for test 
subjects of all attributes (Fig. 2).
*2 Ordinary printing: Black print on a white background
*3 Reverse printing: White print on a black background

Table 2  Eye Tests

№

1

2

3

4

Problem Eye test Evaluation of visual perception

Functional deterioration 
of blue cone

・Color vision test 
   Using SPP-II chart (SPP standard
   color vision chart Part 2)

Evaluation at different contrasts
Test samples presented using a 
projector

Limited upper view
・Check using an automatic
   perimeter (Humphrey FDT Screener)
・Check of droopy eyelid

・Evaluation of visual perception of
   text shown at different heights

Photophobia due to 
cataracts

・Cataract level check
   Using a hand-type slit-lamp 
   microscope

・Glare simulator

Failing vision
・Vision test
   5 m visual acuity chart
   Auto Refract meter

・Evaluation of visual perception 
   at different sizes
   Test samples presented using 
   a projector

 [Younger people]

 [Elderly people]

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

Samples of ordinary printing of test samples 
with small stroke counts

Samples of reverse printing of test samples 
with small stroke counts

Text size (height)

1.Clearly legible
2.Difficult to read
3.Cannot read

Text size (height)

1.Clearly legible
2.Difficult to read
3.Cannot read

Text size (height)

1.Clearly legible
2.Difficult to read
3.Cannot read

Text size (height)

Total

Total

Total

Total

100 mm or larger text height is desirable.

100 mm or larger text height is desirable.

Contrast of ordinary printing

Contrast of reverse printing

Text contrast should be 0.65 or greater.

Text contrast should be 0.65 or greater.

Total

Total

Total

Total

Contrast

Contrast

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Contrast

Contrast

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Fig. 2  Responses at Different Text Sizes

Fig. 3  Responses at Different Text Contrasts
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4.2 Results
Route (1) was the walking route from the Marunouchi central 
ticket gate to the Tokaido Line.  Fig. 7 shows the situation in the 
station, locations of guide signs and the results.  Test subjects 
A to D were younger, and test subjects E to L were elderly.  The 
results show that most of the elderly test subjects did not notice 
guide sign B-s45, while many of the younger test subjects did.  
This demonstrates that those elderly people just started walking 
even though they had no information about the destination.

Route (2) was the walking route from the Tokaido Line 
platform to the Tohoku Shinkansen.  Fig. 8 shows the situation 
in the station, locations of guide signs and the results.  We 
found that most of the elderly test subjects did not notice 
suspended guide sign B-s37.  This could be that elderly people 
watched the steps while going down the stairs.

Summary and Consideration5
The height of text on guide signs should be 100 mm or larger 
both for ordinary and reverse printing.  At a text height 80 mm 
or larger, reverse printing is easier to read, while reverse printing 
is difficult to read at 50 mm or smaller height.  Smaller text and 
Japanese characters with large stroke counts in reverse printing 
are less legible to elderly people.  This could be because such 
text seemed to run together to elderly people since the light of 
the bright text in particular looked defused due to cataracts.  
That situation needs to be taken into account in design with 
considerations for the elderly.

When placing text on a colored background, some 
combinations of colors of text and background may be 
particularly illegible to elderly people.  This characteristic, 
however, does not necessarily correspond to the luminance 
ratio.  It is presumed to be related to the change in sensitivity 
to colors of the elderly and the change in visual perception due 
to cataracts, although the details are not known.  We confirmed 
that elderly people feel things are too bright at less luminance, 
so the outside light around the guide sign and the illumination 
greatly affected visual perception.

In this research, we checked through experiments and 
surveys visual perception of guide signs with change in vision 
due to age.  The results showed that test subjects with cataracts 
or changed color vision have a particular perception of colors 
and light.  The results for elderly persons demonstrated different 

3.3.5 Glare
To see the effect of glare on vision, we shined light on the test 
subjects from the right of the screen to mimic glare from outside 
light.  That was done while taking care to prevent light from 
shining on the screen.  The luminance used was two-stepped.   
At luminance 1, all of the test subjects replied the screen was 
more legible, while elderly test subjects said the screen was less 
legible at luminance 2 (Fig. 5).

Behavior Survey4
4.1 Survey Details 
We conducted behavior surveys where test subjects wearing a 
camera that records what they see walked in Tokyo Station.  
The test subjects were told the destination at a starting point 
specified in advance, and then they walked to that destination.  
The behavior of the test subjects was recorded by video from 
behind of the test subjects.  Just after the survey, we asked 
the individual test subjects about the situation of confirming 
guide signs while watching the video together.  Three walking 
routes were specified: (1) Marunouchi central ticket gate to 
Tokaido Line platform, (2) Tokaido Line platform to Tohoku 
Shinkansen ticket gate and (3) Shinkansen central transfer gate 
to Marunouchi North exit (Fig. 6).  The 12 subjects consisted 
of eight elderly persons and four younger persons. 

Sample at luminance ratio for train line identification colors

For sample No. 4, text with orange background is easier to read for elderly people than green background.  
Younger people stated that text with green and orange backgrounds was almost equal in terms of ease of reading.

White text on black or gray background (question 10)

White text on green background (question 17)

White text on orange background (question 19)

Luminance of sample shown
Luminance ratio
Brightness difference (luminance difference)

Legend

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Luminance of sample shown
Luminance ratio
Brightness difference (luminance difference)

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Luminance of sample shown
Luminance ratio
Brightness difference (luminance difference)

 [Younger people]

 [Elderly people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Luminance ratio Brightness difference 

Condition

Illumination 

Darkness

No

 Luminance 1

2 × 150W lamps

Luminance 2

4 × 150W lamps

・Effects of glare also seen in
   test using artificial lighting (B)

[Younger people]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

Dark Luminance 1 Luminance 2

Dark Luminance 1 Luminance 2

Dark Luminance 1 Luminance 2

Dark Luminance 1 Luminance 2

Total

[Elderly people]

[Persons with Low Vision]

1.Clearly legible
2.Difficult to read
3.Cannot read

1.Clearly legible
2.Difficult to read
3.Cannot read

[Persons with Poor Color Vision]

Total

Total

Total

Start from inside 
Shinkansen ticket gate.
If test subject goes to 
south transfer gate, 
restart after moving to 
central transfer gate.
Go out Marunouchi North 
ticket gate with platform 
ticket.  Applicable to staff 
members too.

・

・

・

Tohoku Shinkansen ticket gate

“Go through Marunouchi 
North ticket gate to ticket 
office.”

(Goal) Go through Marunouchi 
North ticket gate to ticket office

If test subject goes to another 
platform, restart from 
platforms No. 7 and 8 at 
observer’s left.
Goal is in front of Shinkansen 
transfer ticket gate.

・

・

Tokaido Line platform

“Go to any ticket gate of 
Tohoku Shinkansen.”

Buy platform ticket (test subject, 
support staff member, video 
recording staff member).
Start from outside the ticket gate.

・

・

In front of Marunouchi 
Central ticket gate

“Go to any place on 
Tokaido Line platform.”

Fig. 5  Responses on Effect of Glare

Fig. 6  Routes in Behavior Survey

Fig. 4  Responses on Difference in Appearance 
at Different Background Colors
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tendencies from that of younger persons in perception of 
guide signs, which was affected by the combination of line 
identification colors and text and by external light.  We are 
planning to evaluate in the future in test environments closer 
to those of actual station spaces.  And we hope to use the 
findings from the research in providing guide signs that are 
easier to read for elderly people and in achieving universal 
design.

Reference:
1) Act on Promotion of Smooth Transportation, etc. of Elderly 

Persons, Disabled Persons, etc.
2) Guidelines Barrier-Free Improvements (Passenger Facilities); 

Ministry of Land, Infrastructure, Transport and Tourism (MLIT)
3) Survey Study Report on Passenger Facilities and Equipment with 

Consideration for Persons with Low Vision (Study Committee on 
Passenger Facilities and Equipment Taking into Account Persons 
with Low Vision)

Start from Tokaido 
       Line platform 

Starting point

[Map] [No.]

(Old type)

[Guide sign]

Starting point
 (On platform)

 Content displayed on signs shown in the map

Destination

Tester

Sex Male Female Male Male Male Male MaleFemale Female Female FemaleFemale

Age

(Old type)

Destination

[No.] [Guide sign]

Tester

Sex

Age

Male Female Male Male Male Male MaleFemale Female Female FemaleFemale

[Map]
Start from in front of ticket gate

Fig. 7  Results for Route (1) Fig. 8  Results for Route (2)


