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Both indoors and outdoors, public visual 
information such as road signs and destina-
tion labels of trains often appears in our pe-
ripheral visual field. It is not always easy to 
detect or notice. This problem is likely to be 
more severe for older adults because visual 
acuity1, contrast sensitivity2–4, and size of vis-
ual field5,6 generally decrease with advanc-
ing age. Obviously it is desirable to design 
visual information easily detectable for older 
people. Three main factors must be con-
sidered: (i) visual properties of information: 
color, contrast, size, and shape; (ii) position-
ing and layout of the information; (iii) cogni-
tive considerations to make the information 
directly understandable. Design of factors (i) 
and (ii) should be based on perception of 
older adults. The visual field range is an im-
portant factor regarding position and layout, 
especially how to place visual information. 
If visual information is presented within the 

visual field and is detectable, even if it is not 
legible or comprehensible initially, it is pos-
sible to conduct eye movements and see it 
with central vision to read or observe it care-
fully. However, it is difficult to define the 
visual field range for older adults because it 
depends on visual target properties, and, for 
homogeneous backgrounds, the area of de-
tection in real life is large. For these reasons, 
reliable data have remained elusive to date.

Prior reports have described many aging 
effects related to the visual field. Results 
showed that loss of visual field affected old-
er adults’ mobility in various ways such as 
an increased risk of falling downstairs7, an 
increased number of stumbling over bumps, 
and a decreased walking speed8. Regarding 
visual-field-related performance, a series of 
studies specifically assessed the useful field 
of view (UFOV), examining how UFOV 
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changed as a function of age9–13. Some stud-
ies investigated how reduction of UFOV of 
older adults was related to driving skills14,15.

Because of the origin of the UFOV studies, 
most were focused on divided attention 
(central or peripheral). Consequently, the 
results always contained cognitive aspects. 
Although results represented the age-de-
pendence of UFOV and were informative 
to understand older adults’ behavior, the 
results did not indicate the maximum range 
of the visual field as determined by the de-
tection limit.

If the visual field area were applied to the 
design of visual information, it should reflect 
two aspects of daily life: (i) Visual informa-
tion signals should be sufficiently large to 
meet the actual visual field of observers; (ii) 
it should reflect the natural viewing condi-
tion. To fulfill both aspects to the greatest 
possible degree, a large screen and the 
concept of ‘change-blindness’ method were 
adopted in this study for target presentation. 
The change-blindness method was origi-
nally conceptualized because it is difficult 
to perceive local changes if a blank field is 
projected in a brief period because of the 
disturbing perception of flicker16. Visual 
suppression is concomitant with blinks and 
eye movements. So, the ‘change-blindness’ 
paradigm reflects the condition of natural 
behavior16-18. When observers viewed a 
sequence of displays alternating between 
an image of a scene and the same image 
changed in some way, they often sensed the 
change even though they had no visual ex-
perience of it18. According to these previous 
studies, the ‘change-blindness’ paradigm 
makes it possible to measure the visual field 
area of detecting a target without disturbing 
effects of target onset.

Previous reports have described that dis-
tractors and visual clutter affect older adults’ 
search efficiency1–3. However, no reports in 
the relevant literature have described effects 
of target luminance and target color on de-
tection rates.

In the present study, effects of these target 
factors on detection were investigated by 
measuring the useful visual field for older 
and younger adults in two different target 
conditions. The study is intended to develop 
a method for evaluating the ability to detect 
visual information and signs for older adults, 
and to derive the relevant design principles. 
The target variables (luminance, color) were 
examined separately to elucidate effects of 
the basic target properties. .

Methodology

Experimental setup
The application ran on a personal compu-
ter (Power Mac G4; Apple Computer Inc.) 
connected to a double monitor (L360 Flex 
Scan, Eizo Nanao Corp.) for control condi-
tions, with a rear projection screen (Stewart 
Film screen) to project the targets. A large 
white uniform screen was illuminated from 
behind. A projector (ELP9100; Seiko Epson 
Corp.) was used. The projected target imag-
es consisted of a background field and a cir-
cular target disk of varying luminance, color, 
and size. Subjects were requested to detect 
a single test target presented along eight dif-
ferent axes from fixation and at different ec-
centricities (10–60 deg at 10 deg spacing) 
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Figure 1. Screen size is 4 m wide × 2.6 m high, 
corresponding to visual angles of over 120 deg 
and 100 deg; target size is 2 or 4 deg; In a dark 
room, all participating subjects wore corrective 
lenses to secure maximum visual acuity; They 
looked at the screen using their right eye only at 
a distance of 1 m. Target positions are at a separa-
tion of 10 degrees visual angle at 8 different direc-
tions from fixation
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(Figure 1). The target was presented random-
ly multiple times at each of 46 locations.
The order and duration of the target projec-
tions were 1000ms for background, 250ms 
for the blank field, and 200ms for the target 
and background (Figure 2). The projection 
started when the subject had pressed one 
large start-button of a keypad while fixat-
ing the center of the projection (+ sign). In 
previous studies of change-blindness, brief 
blank fields were placed between alternat-
ing displays of an original and a changed 
scene; the method is called ‘flicker tech-
nique’. The present study was not designed 
to examine the effect of the change of image, 
but to measure an area of detection within 
one glance. The blank field and the target 
projections were not repeated, thereby min-
imizing the involvement of eye movements 
and memory.

Looking at the screen, the subjects re-
sponded to each appearance of the target 
using the keypad. The keypad had eight 
buttons positioned radially, corresponding 
to the axis on which the target appeared. 
For each trial, the subjects were instructed 
to indicate the direction of the target using 
the keypads when the target was projected. 
Subjects were requested to press a button 
for one of eight directions for all trials, even 
in cases where it was difficult to see clearly. 
According to a prior study, when observers 
answered the correct radial direction, they 
also knew the correct eccentricity, although 
when observers did not answer the correct 
radial direction, the correct eccentricity 
value was reported much less frequently11. 
Therefore, in this study, we asked the sub-
jects to respond with radial directions only.

The target position order was randomized for 
each subject. Each subject performed 129 
trials for training. In experiments 1 and 2, the 
subject answered 3-5 times for each position 
of the target. In experiment 1, the number 
of trials at each position was 170 for older 
subjects and 155 for younger subjects. The 
unequal number of trials of each group oc-
curred because of the different numbers of 

stimuli for the various subjects. Each subject 
attended between three and five sessions. 
Averages were 3.27 sessions of older subjects 
and 3.36 sessions of younger subjects. In ex-
periment 2, the numbers of trials per position 
were 144 for older participants and 142 for 
younger subjects. Because of the same rea-
son, unequal numbers of trials of each group 
occurred. Averages of sessions were 3.00 for 
older subjects and 3.02 for younger subjects.

Stimuli 
Effect of target luminance / contrast 
In experiment 1, targets were solid white 
disks of 2 degrees visual angle, luminances 
Lt= 24, 28, or 36 cd/m2 and the background 
Lb = 20 cd/m2 white (gray). Luminance con-
trasts were (Lt-Lb)/Lb = 20, 40 and 80% 
respectively.
Effect of target color
In experiment 2 the targets were solid red, 
green, and blue disks (4 degrees visual an-
gle) with luminance of 10 cd/m2; the back-
ground was 10 cd/m2 white (gray), so there 
was no luminance contrast. All luminances
were in photopic units. Three chromatically
different types of color (low-saturated: R1, 
G1, B1; median-saturated: R2, G2, B2; high-
saturated: R3, G3, B3), were adopted for 

Figure 2. Projection sequence of background, 
blank field, and target + background screens; Pro-
jection durations are shown in parentheses; The 
blank field serves to mask the sudden appearance 
of the target
Experiment1: Luminance of background: 20 cd/
m2, target 1 (low contrast): 24 cd/m2, target 2 
(medium contrast): 28 cd/m2, target 3 (high con-
trast): 36 cd/m2

Experiment2: Luminance of background and tar-
get: 10 cd/m2
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each hue as shown in the CIE LUV Color 
space diagram (Figure 3)19.  

Subjects
Participants were 52 older (62–81 yrs; aver-
age 70 yrs) and 46 younger (20–27 yrs; aver-
age 23 yrs) subjects for experiment 1, and 
48 older (62–81 yrs; average 70 yrs) and 47 
younger (20–27 yrs; average 22 yrs) subjects 
for experiment 2. None had any record of 
eye disease either before or during the study 
that might have caused visual function loss 
and no subject reported any ocular pathol-
ogy (e.g., macular degeneration, glaucoma, 
cataract). Before the experiment, each sub-
ject’s visual acuity was adjusted to the maxi-
mum attainable level using corrective lenses. 
Before the experiment, authors obtained in-
formed consent from the subjects. Subjects 
were rewarded for their participation.

Results and discussion

Detection rate of useful visual field
Effect of luminance contrast
For statistical analyses, percentages of cor-
rect data were transformed using the arcsine 
of the square root of percent correct data 
following the method described in previous 
studies11,13,14.
Figure 4 A-C shows the transformed per-
centage of correct answers versus lumi-

nance contrast. Analysis of variance (ANO-
VA) was performed for age (two positions) 
× luminance contrast (three positions) × 
eccentricity (six positions). No three-way 
interaction existed between age, eccentric-
ity, and luminous contrast (F[10, 222]=0.496, 
P>0.05), although significant interactions 
existed between age and eccentricity (F[5, 
222]=4.337, P<0.05) and between luminous 
contrast and eccentricity (F[10, 222]=1.991, 
P<0.05). However, no significant interaction 
was found between age and luminous con-
trast (F[2, 222]=0.359, P>0.05). Therefore, 
to examine age effects, main effects of age 
were investigated under each condition of 
luminous contrast.

For low (20%) luminous contrast, marked 
age dependence was observed at all ec-
centricities; for higher contrasts the age dif-
ference was significant only from the mid-
periphery onwards; from 30 deg in 40% 
contrast and from 40 deg in 80%. Therefore, 
when target-to-background contrast was 
low, older subjects showed more difficulty 
in seeing the target than younger subjects 
did. However, if contrast was higher and 
target position was close to the center, age 
dependence lessened. In addition, when the 
contrast of target and background was low 
(20%), eccentricity dependence appeared 
at 40 deg for older subjects and 50 deg for 
younger subjects. If the contrast increased, 
the eccentricity dependence appeared in 
a more eccentric position, especially in 
younger adults. These results demonstrated 
that age differences are greater when the 
contrast between the target and background 
is lower and the target position set in further 
eccentricities.

Effect of color (hue and saturation)
Figures 4 D-L portray transformed percent-
ages corrected according to the respective 
colors red, green and blue.

Analysis of variance (ANOVA) was per-
formed for age (two positions) × color (three 
positions) × eccentricity (six positions). No 
three-way interaction was found between 
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Figure 3. Target colors used in experiments 1 and
2 are shown on 1978 CIE LUV Color Space19; 
chromatic differences in color of each type were 
set to the same level to examine color effects
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Figure 4. Arcsine-transformed % of correct answers; (A)-(C) different luminance contrasts; (D)-(F) red 
color; (G)-(I) green color, (J)-(L) blue color; • = older subjects; ○= younger subjects; difference between 
older and younger subjects, or from the rate of eccentricity of 10 deg: *= p<0.05, **=p<0.01
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age, eccentricity, and respective colors 
(R: F[10, 240]=0.600, P>0.05, G: F[10, 
240]=1.273, P>0.05, B: F[10, 240]=1.282, 
P>0.05). However, a significant interaction 
was found between age and eccentricity, 
except for red (R: F[10, 240]=1.630, P>0.05, 
G: F[10, 240]=12.891, P<0.01, B: F[10, 
240]=5.824, P<0.05), and between color 
and eccentricity, except for green (R: F[10, 
240]=4.130, P<0.05, G: F[10, 240]=1.636, 
P>0.05, B: F[10, 240]=5.824, P<0.05). Then, 
effects of age on each condition of color 
were investigated.

For the red target, the nearest periphery (10 
deg) and the most distant periphery (60 deg) 
are not so much different between older 
and younger subjects. Age differences were 
found to be significant at median eccentric-
ity (30–50 deg) when the color saturation 
of the target was high (R3). When the target 
color saturation was low (R1, R2), the age 
difference was significant at middle eccen-
tricity (R1, 20 and 30 deg; R2, 30 and 40 
deg). No age difference was found at greater 
eccentricity (Figure 4 D-F).

For the green target, unlike red, from the 
nearest periphery (10 deg) to 40 deg, the 
age differences were found to be signifi-
cant. Furthermore, age difference existed at 
50 deg only in G3. No age difference was 
found for 60 deg in any of the three satura-
tions (Figure 4 G-I).

For a blue target, from the nearest periphery 
(10 deg) to 50 deg, the age difference is sig-
nificant in all three saturations (Figure 4 J-L).

These results underscore the differences of 
colors. Only for the red target did age dif-
ference not appear in the near periphery 
at both lower and higher saturation colors, 
except R3, for which an age difference ap-
peared at 50 deg. In general, the percentages 
of correct answers were larger at higher sat-
uration than at lower saturation for both age 
groups. For green and blue targets, effects of 
saturation in the near periphery were larger 

in younger subjects than in older subjects; 
this did not happen for the red target.

According to Sagawa and Takahashi20, grad-
ual reduction of luminous efficiency with 
age is observed, using foveal presentation, 
flicker photometry, and direct brightness 
matching in the short-wave region. It can be 
considered that reduction of luminous ef-
ficacy also occurs in the near periphery of 
the visual field. Therefore, age differences of 
detection are to be expected for green and 
blue targets. In addition, light sensitivity of 
older adults became low in the far periph-
ery5; and rod sensitivity in the short wave re-
gion is better for younger people21. Probably 
for that reason, an age difference appeared 
when the blue target appeared in the far pe-
riphery (50 and 60 deg), which is perceived 
mainly by rods.

Ball et al.9 and Seiple et al.11 measured only 
in divided attention in the mid-periphery 
area within 30 deg. In those cases, it was 
difficult to infer age differences probably 
because of the cognitive aspect: attentional 
load, with both cognitive and sensory or 
sensory aspects only. For Sekuler et al.12, 
both focused and divided attention were 
measured. The results reflected a focused 
attention condition (i.e. no attentional load), 
showing increasing error rates from the 
youngest age group (15-24) observed at each 
age group (from 30’s to 80’s) and the gap 
became wider with increased age when no 
attentional load was used. Regarding the ef-
fect of eccentricity in focused attention, they 
found that performance declined gradu-
ally with increasing eccentricity, which was 
not detected in a prior study using divided 
attention9,11.

As described in these reports, eccentricity 
dependence appears only at the focused 
attentional condition. From our experiment, 
results showed that where decline starts 
depends on target contrast and color. It be-
came clear that eccentricity dependence ex-
isted for almost all target properties.
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When the target contrast was low (20%), a 
decline appeared in the mid-periphery at 40 
deg for older adults and 50 deg for younger 
adults, but if the contrast of the target was 
high (80%), decline appeared at 50 deg 
both in older and younger adults. In case of 
the colors, generally, the decline started at 
the near-periphery (20 or 30 deg) with low 
saturation colors for both older and younger 
subjects. As saturation increased, it started 
in more distant regions. Furthermore, com-
parison with the younger subjects showed 
that the decline of older subjects was steep-
er, especially for the near and mid-periphery. 
Regarding decline in the near periphery (20 
deg), green is steepest, followed by red and 
blue in that order.

Size of the useful visual field
For practical usage of the data, the actual 
size of the useful visual field with accuracy 
of 50% is shown and differences between 
older and younger subjects were analyzed.

Figure 5 portrays relative sizes of the visual 
field for targets of different luminance (ex-
periment 1) and color: red, green, and blue 
(experiment 2). The left sides of both figures 
show data for younger subjects; the right 
sides for older subjects.

Age effects were observed for both lumi-
nance contrast and color. Figure 5 A-B 
portrays the difference between older and 
younger subjects: it increased as the target 
luminance contrast decreased.

As compared to red and green targets, blue 
targets were detected at greater eccentrici-
ties along all axes, for both young and older 
subjects (Figure 5 C-H). These results resem-
ble those of a previous study in which color 
images in the peripheral visual field were 
observed22, where an area of highly satu-
rated blue (50% unique blue component) is 
close to the area of B3 of younger subjects 
in this experiment. An area of highly saturat-
ed green (50% unique green component) is 
close to the area of G3 of younger subjects 
in this experiment. The difference in useful 

visual fields between red and green targets 
in older subjects is greater than the differ-
ence observed in younger subjects.

Visual function of subjects
All subjects in our study used corrective 
lenses. Some prior studies selected subjects 
according to their visual acuity9,11. Results 
showed that their results were obtained not 
only by people with good visual acuity and 
good accommodation ability. Owsley et 
al.10 reported that, despite having good vis-
ual field sensitivity, many older adults have 
great difficulty locating objects of interest 
in an environment. In their experiment, the 
task required divided attention, which might 
have caused some effects of age difference 
because cognitive abilities depend on age. 
In our study, results showed that although no 
divided attention load was imparted, older 
subjects had difficulty locating objects. As 
described before, no effect of the decreased 
visual acuity was found in our results. There-
fore, in our experiments the age difference 
of the useful visual field simply reflects the 
visual function of detectability in peripheral 
areas for each age group.

Synergy of luminance contrast and color
Results showed in both cases that detecta-
bility of luminance contrast difference only 
(without color difference) and of color dif-
ference only (without luminance difference) 
had age effects. Consequently, it seems that 
the isoluminance target was difficult to de-
tect in the peripheral area for older subjects 
because the areas of R3, G3, and B3 which 
use large size of target (4 degree visual an-
gle) are smaller than areas of luminance 
contrast 20% (2 degree visual angle), while 
in the case of the younger subjects, the B3 
area was almost identical to the area of lumi-
nance contrast 80% (Figure 5). According to 
a prior study, visual search is slower with iso-
luminant color stimuli than with luminance 
stimuli23. In our study, the visual search time 
was not measured, but it appeared more dif-
ficult to detect an isoluminance target than 
a luminance contrast target, especially for 
older adults. For that reason, the actual size 
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Figure 5. Useful visual field dependence on luminance or color; (A)-(B) luminance ((Lt-Lb)/Lb) 20%=nar-
row black line; 40%=thick black line; 80%=thick gray line; (C)-(D) Red color: R1=narrow black line; 
R2=thick black line; R3=thick gray line; (E)-(F) green color: G1=narrow black line; G2=thick black line; 
G3=thick gray line; (G)-(H) blue color: B1=narrow black line; B2=thick black line; B3=thick gray line
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of useful visual field shows only when the 
criterion for target detection was 50%. Syn-
ergic effects of luminance and color have 
not been investigated yet; further investiga-
tion is necessary to elucidate these. 

Conclusion

The main goals of this study were to clarify 
the useful visual field of older and younger 
adults using the change-blindness paradigm 
for consideration of natural viewing condi-
tions. We also sought to elucidate the age 
dependence of the effects of target prop-
erties: luminance contrast and color differ-
ence. We also showed the actual size of the 
useful visual field as a guide for designing 
the visual information layout.

Two experiments demonstrated that age dif-
ferences were greater when the luminance 
contrast between the target and the back-
ground was smaller and the target position 
was set at further eccentricities. For the 
color difference of the target, compared 
to younger subjects, the decline with ec-
centricity of the correct percentage of older 
subjects was steeper, especially in the near 
and mid-periphery. In addition, the blue 
target was better detected in far eccentric-
ity than either red or green for both younger 
and older subjects. Nevertheless, age de-
pendence of detectability for the blue tar-
get appeared at all eccentricity positions. In 
the near periphery, the low-saturation green 
target (G1) showed the worst detectability, 
especially for older subjects. For designing 

visual information, choice of color and lumi-
nance contrast is important to minimize age 
effects of detectability.

Utilization of results

From this study, age-related differences in 
detectability were found to depend on the 
target’s luminance contrast and color (hue 
and saturation). A prior study revealed that 
detectability depends on the complexity 
and color of the background24. To maximize 
detectability and visibility of visual informa-
tion, especially for older adults, it is neces-
sary to consider all these factors.

Figure 6 depicts future steps that would en-
able designers to estimate ideal target vari-
ables based on characteristics of an inten-
tional viewer and environmental viewing 
conditions.

Figure 6. Schematic model for the design of Visual
Information; if viewer age, viewing distance, and 
eccentricities are known, ideal target variables in-
cluding color, size, and position, and layout of the 
surrounding visual information can be estimated 
based on quantitative experimental data
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