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Abstract We investigated the mobility performance of legally blind 
patients with age-related maculopathy (ARM) as assessed by their 
ability to visually detect hazards in their travel path. The three types of
hazards were: drop-offs (a curb), obstacle on the travel surface (a small
wastebasket), and a head-height obstacle (a piece of foam insulation 
projecting across the travel path at head height). We also recorded the
patient's logMAR visual acuity and Pelli-Robson contrast sensitivity. 
Three distinct daylight assessments were made in a naturalistic outdoor
environment: an initial assessment of distance to visually detect each of 
the three types of hazards; an assessment designed to assess the subject's maximum potential visual detection 
distance; and a final assessment following training and fitting with filters to reduce glare to determine the 
increase, if any, in visual detection distance for the three types of hazards. The inter-rater and test/retest 
reliabilities of the assessment procedure were studied. The results indicated that many ARM patients are 
unable to visually detect some hazards at a safe distance, that their ability to improve can be predicted from 
the assessment, and that most subjects can improve their ability to visually detect obstacles if provided
appropriate training and filters. The limitations of this study and their implications are discussed.

Key words Mobility performance; low vision; age-related macu-
lopathy; visual detection ability

Introduction Studies of mobility performance of low vision patients 
have utilized both artificial courses, often consisting of laboratory or 
office spaces with strategically placed obstacles,' and real-world 
settings, typically consisting of residential areas utilizing naturally 
occurring obstacles.5' 8 Other studies have chosen to increase the 
complexity of the real-world environments by utilizing complex 
pedestrian-heavy routes such as those found in shopping malls.8'9
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While most studies have focused upon the relationship between 
clinical variables (i.e., visual acuity, contrast sensitivity, and visual field) 
and the ability to avoid obstacles in the travel path and to navigate the
prescribed route,'-36 others have added the scoring dimension of per-
cent preferred walking speed (PPWS),68 which was first advocated by
Clarke-Carter and colleagues as a method of comparing mobility per-
formance of blind pedestrians using different mobility techniques.'° 
PPWS is primarily an efficiency measure since it is based upon the indi-
vidual's walking speed, although it may also be considered an indirect
measure of travel confidence on the assumption that a less confident 
walker (i.e., one who fears tripping or falling) will walk slower than one
who is more confident. This is a plausible assumption since it has been
shown that for elderly individuals, self-reported limitations in visual 
abilities correspond to objectively measured visual abilities."

To date, the consensus of the literature appears to be that visual 
factors (primarily visual field and contrast sensitivity) may account for
some intersubject variability in low vision mobility.''6'8 The literature 
also suggests that changes in the travel environment (i.e., illumination)
can facilitate or inhibit travel ability, although this may be dependent 
upon the specific visual loss of the subjects studied. Hassan and col-
legues, for example, found that there was no significant difference in 
PPWS between ARM and age-matched individuals not having ARM in
daylight, although the ARM subjects had slower PPWS in dim illu-
mination.' Retinitis pigmentosa (RP) subjects, studied by Haymes and 
colleagues, showed no difference in PPWS between indoor and outdoor
mobility, suggesting that these variations in illumination did not result in 
changed mobility performance.' Kuyk and colleagues also studied 
mobility under photopic and mesopic conditions and found that sub-
jects with an acuity loss took less time to complete an artificial route 
than did subjects with either a peripheral field loss or a combination of
acuity loss and peripheral field loss.12 These investigators also reported
that for all subjects `floor level walk-around objects were contacted sig-
nificantly less often than either step-over or head level objects'.

Both Haymes et al.' and Hassan et al.6 have advocated the use of 
PPWS as a measure of mobility and Hassan et al.' noted that the number 
of contacts made with objects in the environment was a relatively poor 
measure, because such contacts are relatively rare occurrences. Hassan 
et al.6 also noted that route familiarity could decrease the number of 
errors made, indicating that familiarity with the travel route enhanced 
performance. Haymes et al.' found that some RP patients, particularly 
those with little residual vision, limit their travel to simple routes – a 
finding consistent with our clinical impressions of elderly visually 
impaired subjects seen at the Western Blind Rehabilitation Center. The
limitation of traveling only simple familiar routes may serve the same 
purpose as noted by Hassan et al.' in that route familiarity reduces errors 
by limiting the chance the person will make an error. The limitation of 
travel to familiar environments may ease the mental effort required for 
travel, a supposition supported in a recent study by Turano and her 
colleagues indicating that for subjects with RP mental effort is increased 
and reaction times slowed during walking.''
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In real-world settings, travel errors are not confined to infrequent 
contacts with laboratory obstacles. Visual impairment is a documented
risk factor for hip fracture in the elderly."

•

4
•

'5 The risk of falls also does
not appear to be related to unfamiliar or complex environments as 
vision-related accidents have been documented in the individual's 
home,i6 nursing homes,'" and the community.'8 The personal cost of a 
fall, whether in the home or community and whether caused by trip-
ping hazards, undetected curbs, or protruding objects, ranges from a 
`nasty bump' to severe injury.i8 An additional cost may be that elderly 
visually impaired individuals self-limit their travel, which prevents 
them from obtaining adequate exercise and/or otherwise limits their 
ability to lead a healthy independent life-style which may put them at 
risk of other diseases.'9 This risk is significant since, for the elderly, 
being visually impaired may double the risk of a fall resulting in a hip 
fracture.2O

Clearly, vision-related variables have been shown to be important 
determinants of travel, and efficiency measures such as PPWS are 
useful research tools in studying the travel behavior of visually 
impaired individuals. It also appears that differences in pathology or 
type of loss (e.g., loss of acuity or peripheral field loss) may also be an 
important consideration. Little attention, however, has been paid to 
many of the factors that may affect the travel safety of individuals. In 
addition, while vision variables have been shown to predict travel dis-
ability, they have not been assessed as measures of rehabilitation poten-
tial. That is, given that the low vision individual has a travel deficit, can
the individual's travel efficiency or safety be improved through the uti-
lization of low vision devices and/or through rehabilitation training? In
short, there is little scientific literature related to the safety and reha-
bilitation potential of low vision travelers even though it has been over 20 

years since Genensky's group highlighted the problem.21

One relatively untried but promising approach to vision rehabilita-
tion strategies for low vision mobility is the study of the perceptual 
factors influencing mobility performance. Harold Richterman,22 in a
paper published over 35 years ago, advocated the use of perceptual 
information in training the low vision traveler. Dodds and Davis' were
perhaps the first investigators to formally study visual perception and 
mobility skills. They found that performance on such perceptual tasks 
as textural shearing, degraded figure, and embedded figures was a 
better predictor of mobility performance (as measured by PPWS) than 
were visual acuity and visual field.2

j Although the Dodds and Davis 
study has not been systematically replicated and perceptual factors in 
mobility have been largely ignored in the intervening decade, other 
researchers are beginning to advocate the study of perceptual factors in 
low vision.24-26

In this paper, we report on a study of ARM patients' untrained ability to 
detect three types of travel hazards (a curb, an obstacle on the travel 
surface, and an overhanging object), a method of assessing the patients'
ability to improve upon their untrained visual detection ability, and the 
improvement patients attained after training and the provision of 
appropriate filters. Our primary measure is the distance at which patients 
reported being able to visually detect each of the hazards. Our
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intent is to initiate additional studies of the perceptual factors involved in 
low vision mobility, particularly as they appear to relate to travel 
safety.

Method and subjects Subjects were patients admitted to the Western 
Blind Rehabilitation Center (WBRC) for vision rehabilitation therapy, 
including orientation and mobility (O&M). The WBRC is an inpatient 
facility providing comprehensive vision rehabilitation services, 
including low vision, O&M, living skills, and computer-access 
training, as well as psychological and social services support. The 
average age of the 6o subjects (56 male, 4 female) was 78.6 years (range:
49-93). All were diagnosed with ARM and patients having additional 
significant visual pathologies were excluded from the study. The 
average logMAR visual acuity was i.o6(fo.285) and the average Peli-
Robson contrast sensitivity o.895(±o•37)• Most subjects (68.3%) reported 
using no mobility device prior to admission. Only six (1o%) reported 
using a long cane. An additional 21.7% reported using either a 
wheelchair (n = 1), support cane (n = 7), walker (n = 2), or scooter (n = 
3). Sunglasses (filters) were reported as being used in travel by just under 
half the subjects (n = 29, 483%) at the time of their admission.
The initial distance visual recognition assessment (DVRA) occurred 

soon after admission and prior to any formal mobility training other 
than the initial familiarization with the WBRC necessary for patients to 
find their way from their rooms to the dining room, nursing office, TV 
room, and other common areas. The initial DVRA consisted of two 
parts: an assessment of the patient's ability to visually detect the three
types of hazards prior to training (initial assessment, IA )  and an assess-
ment in which the O&M instructor provided the subject with instruc-
tions on how to visually identify each obstacle (potential assessment, 
PA). The PA was so named because it represented an explicit attempt to 
quantify the subject's potential to improve his ability to visually 
detect hazards. The PA instructions included using environmental con-
textual cues, appropriate scanning patterns, and perceptual cues. Con-
textual cues may include the presence of automobiles, street signs, fire
hydrants, and other familiar features. Perceptual cues included noting
color or contrast differences (i.e., between a gray sidewalk curb and a 
black asphalt roadway), relative motion changes, figure ground 
changes, textural changes, etc. As the subjects were observed during the
IA, instructors noted that subject's scanning patterns seemed to be 
inefficient or limited and did not allow the subject to `see' all relevant 
areas of their travel environment. Some would fixate a point in space 
directly in front of themselves without scanning. Others would look 
downwards at a point just in front of their feet and `shuffle' forwards. 
Still others showed other variations, but few demonstrated scanning 
patterns their instructors considered safe or efficient.
The IA and PA were accomplished during a single session, usually 

requiring between 30 and 90 minutes. The IA and PA as well as the final 
assessment (FA) were conducted between mid-morning and mid-
afternoon on sunny days. The FA was conducted in a separate session
after all DVRA and mobility training had been completed (usually 25–35 
hours). The 25–35-hour DVRA and mobility training was pri-
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marily mobility training in the use of a long cane, optical devices if 
prescribed, and the development of mobility skills in a variety of resi-
dential and business environments. The DVRA training consisted of 
utilizing opportunities that occurred during the normal mobility lesson to 
reinforce the visual perceptual concerns identified in the IA and PA. In 
this manner, the DVRA training was integrated into the existing 
mobility program and did not constitute a separate training activity. 
Prior to DVRA training, the patients were prescribed an appropriate 
filter (usually a UV shield or a NoIR filter), which was worn during the
FA. NoIR and UV shield filters accounted for 8o% of those prescribed,
and three filter tints (amber, gray, and yellow) were used most often, 
accounting for over 70%.

The procedure and subject instructions for the IA and FA measure-
ments were identical. Subjects were told that there were three types of 
hazards they were to verbally identify as soon as they were seen. Sub-
jects were told that there were multiple occurrences of each type of 
hazard and that they occurred in no particular order. The subject was to 
stop and visually state when they first saw the hazard; at that time, the 
instructor marked the spot and then measured the distance from that 
point to the obstacle. Incorrect identifications were ignored, although 
the subjects were told that they made an incorrect identification. For 
example, if a subject identified a curb cut as a curb, the instructor told 
the subject the type of error and they continued walking. In reality, only 
the first occurrence of each type of hazard was recorded for data 
analysis. Distances measured were recorded to the nearest foot.

The three types of hazards used in the DRVA were: a drop-off that 
was a naturally occurring gray curb (next to a black asphalt driveway) 
measuring five inches high (12.7 CM); a surface obstacle (represented by 
a gray-colored wastebasket) measuring 16 (40.7cm) inches high, 13 (33 
cm) inches wide, and 11 (28 cm) inches deep; and an overhang rep-
resented by a three foot (99 CM) long black foam cylinder (pipe insu-
lation), 1.25 inch (6.3 cm) in diameter, projecting at head height into 
the travel path. The head-height obstacle was attached to one of numer-
ous small trees bordering the travel path and placed so that it was at 
head height (i.e., approximately eye level) of the subject being tested. 
The curb used in the study was one of several naturally occurring curbs
and curb cuts in the test route. The surface obstacle and overhanging 
hazard were placed before the subject entered the test route. 'Iivo routes 
were used for testing. These were two identical' routes in a large parking 
lot at our facility. We assume that they were equally difficult since each 
was the mirror image of the other. That is, one had trees/shrubs on the 
right and cars on the left, while the mirror-image route had trees/shrubs 
on the left and cars on the right. Two `I'-shaped mirror-image sections of 
sidewalk were chosen. Each was about 250 feet in length, and neither 
was in areas likely to have been traveled by the subjects in this study. 
Shrubs and small (i.e., 15-20 ft.) trees bordered the sidewalks. One of 
the two routes was used for the IA and the other for the FA. The PA was 
conducted on the same route as the IA. The routes were located in areas 
with low pedestrian traffic, and instructors ensured that pedestrians were 
not present during testing
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sessions. Subjects used their habitual corrections during the IA. The 
subject was instructed to stop and point to the obstacle when it first 
became visible and instructors measured from that point to the hazard 
(to the nearest foot).

INTER-RATER RELIABILITY To estimate the inter-rater reliability, two 
instructors were paired in 32 separate observations of subjects. One
instructor indicated the point from which the measurement was to be 
made, while the second instructor either confirmed that point or indicated 
a different point. There was agreement in most cases, and an 
insignificant disagreement (i.e., less than 6in. or 15.2cm) in a few cases.
Since measurements were recorded to the nearest foot, we judged these
differences to be insignificant and concluded that our inter-rater relia-
bility appeared to be very high.

TEST/RETEST RELIABILITY Test/retest reliability was established 
using 21 subjects with whom an IA was administered on one day and a 
second IA on the following day. The data from the test/retest reliability 
study were used only for that purpose and are not included in the data 
reported elsewhere in this paper. Considerable effort was made to ensure 
that the two assessments were conducted at the same time of day and 
under the same weather conditions. Subjects were dropped from this
test/retest study if there was a change in weather conditions (i.e., sunny 
on the first day and cloudy on the second). The subjects for the 
test/retest reliability study were all patients at the Western Blind 
Rehabilitation Center, with an average age of 71.5 years (range: 46-88); 
18 were male and three were female. Chronbach's alpha computed for the 
three assessments was o.805, indicating good test/retest reliability.

Results There were significant differences between the IA and both PA 
and FA for all types of hazards. Table 1 presents the average distance, 
standard deviation, and range in both feet and meters for the three 
hazards and three assessments. The average IA visual detection distance 
prior to training was 5.5 feet for the drop-off, 29.5 feet for the surface 
obstacle, and 10.4 feet for the overhang. Visual detection distances 
measured during the PA and FA were significantly greater than those 
measured during the IA, but were not significantly different from each 
other. Table 2 provides the t-tests for these relationships. Figures 1 and 2 
are scatter plots of the IA and FA and PA and FA data, respectively, for all 
subjects. Figure 1 shows both the high number of subjects who, on the 
IA, could not visually detect the curb at even close distances and the 
amount of increase the subjects were able to attain with training and filters. 
Figure 1 also shows that some subjects were able to visually detect the 
drop-off at quite substantial distances. Figure 2 is a scatter plot of the PA 
and FA for the drop-off and graphically shows the high correlation 
between the predicted distances and those actually measured after the 
intervention.

In examining the data for all types of hazards, it was noted that the 
standard deviations were very high in relation to the means. This led us 
to examine the frequencies of the visual detection distances for each of 
the three hazards. This examination showed that there is a great
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Assessment condition Hazard

Drop-off Surface obstacle Overhang

Initial assessment (IA)
Feet 5.5 (7.7) 29.5 (26.0) 10.4 (8.3)

Range (ft) 0-32 2-107 0-42
Metric equivalent 1.7 (2.4) 9.0 (7.9) 3.2 (2.5)

Range (m) o-9.8 0.6-32.6 0-12.8
Potential assessment (PA)
Feet 19.6 (13.9) 62.8 (44.7) 26.6 

(25.4)Range (ft) 0-74 7-198 2-140
Metric equivalent 5.6 (4.2) 19.8 (13.6) 8., (7.7)
Range (m) 0-22.6 2.1-60.4 8.1-42.7

Final assessment (FA)
Feet 20.4 (11.8) 71.2 (48.3) 25.7 

(21.8)Range (ft) 0-49 8-282 4-116
Metric equivalent 6.2 (3.6) 21.7 (14.7) 7.8 (6.7)

Range (m) 0-14.9 2.4-85.6 1.2-35.4

t Significance (2-tailed)

Drop-off pair
IA & PA -8.749 0.000

IA & FA -11.077 0.000

PA & FA 1.383 NS
Surface obstacle pair

IA & PA -9.934 0.000

IA & FA -8.977 0.000

PA & FA -1.96o NS
Overhang pair

IA & PA -5.778 o.000

IA & FA -6.576 o.000

PA&FA -0.372 NS

diversity of distances at which each hazard is detected, that different 
hazards are detected at different distances, and that each hazard may 
place a greater or smaller percentage of travelers at risk of failing to 
detect the hazard. It was also apparent from the FA data that most sub-
jects markedly increased the distance at which they were able to visu-
ally detect each type of hazard.

Prior to the intervention, over half of all subjects could not visually 
detect the drop-off at three feet or less and 75% could not do so at six 
feet or less. Forty-four percent could not visually identify the curb at a
distance of one foot or less. Only slightly more than 23% could visually 
detect the curb at io feet or further. The percentages of subjects having 
difficulty visually identifying the surface obstacle and the over-hang 
were smaller than that for the drop-off: to% were unable to detect the 
surface obstacle at six feet or less, while about 40% were
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TABLE I. Average visual detection 
distances for each of the three types 
of mobility hazards in each of the 
three testing conditions. The three 
hazards were a drop-off, a surface 
obstacle, and an overhanging object. 
The three testing conditions were 
initial assessment (IA), potential 
assessment (PA), and final 
assessment (FA). Distances are given 
in both feet and meters with 
standard deviations shown in 
parentheses. The range of scores for 
each hazard and each assessment 
condition are shown in both feet and 
the metric equivalent.

TABLE 2. t-tests of means for each 
hazard in the initial assessment (IA), 
potential assessment (PA), and final 
assessment (FA) conditions.
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1 IA Curb (in feet) PA Curb (in feet) 2

Fig. I. Scatterplot comparing visual detection distances for the drop-off assessed in the IA and in the FA. The r-square value 
indicates that 25% of the variance in the FA is accounted for by the IA.
Fig. 2. Scatterplot comparing visual detection distances for the drop-off assessed in the PA and in the FA. The r-square value 
indicates that 64% of the variance in the FA is accounted for by the PA.

Distance

3ft. (5119 m) 3. z—6ft. (o.9—z.8m) 6.z—zo ft (1.8—3.r m) ?soft. C3.1 m)

IA drop-off 53.3% 20.0% 3.3% 23.4%
FA drop-off 6.7% 3.4% 8.4% 81.5%
IA surface obstacle 5.0% 5.0% 18.3% 71.7%
FA surface obstacle 0% 0% 1.7% 98.3%
IA overhang 16.7% 23.4% 21.7% 38.3%
FA overhang 0% 3.3% 10.0% 86.7%

unable to detect the overhang at to feet or less. The surface obstacle was 
the most easily detected of the three hazards studied, with over 70% of 
subjects doing so during the IA. Slightly less than 40% of the subjects 
were able to detect the overhang during the IA (Table 3).

Visual detection distances changed dramatically following training 
and fitting with appropriate filters. The percentage of patients unable to

visually detect the curb declined markedly after training. Post training, only 6.7% could not identify the curb at 
three feet or less and an additional 3.4% could not identify it between three and six feet. In all, even after 
training, some io% of the subjects could not visually detect the curb at a distance of six feet or less. All subjects 
were able to visually detect the surface obstacle at six feet or more, and almost all (98.3%) could do so at to feet 
or more (see Figures 3, 4). All subjects could also visually detect the overhang, post training, at a distance of at 
least three feet and the majority (86.7%) could do so at to feet or more (see Figures 5, 6).
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TABLE 3. Percentage of subjects unable 
to visually detect a hazard by distance 
to the hazard in the initial assessment 
(IA) and final assessment (FA) 
conditions.



Fig. 3. Scatterplot comparing visual detection distances for the surface obstacle assessed in the IA and in the FA. The r-
square value indicates that 50% of the variance in the FA is accounted for by the IA.
Fig. 4. Scatterplot comparing visual detection distances for the surface obstacle assessed in the PA and in the FA. The r-
square value indicates that 73% of the variance in the FA is accounted for by the PA.
Fig. 5. Scatterplot comparing visual detection distances for the overhang assessed in the IA and in the FA. The r-square value 
indicates that 36% of the variance in the FA is accounted for by the IA.
Fig. 6. Scatterplot comparing visual detection distances for the overhang assessed in the PA and in the FA. The r-square 
value indicates that 48% of the variance in the FA is accounted for by the PA.

Pearson correlations between the PA and FA measures showed high 
degrees of correlations. For the drop-off measure, PA and FA were 
correlated r = o.8oi (p < o.000). The surface obstacle PA and FA were 
also correlated r = 0.856 (p < o.000) as were the overhang PA and FA r 
= 0.694 (p < o.00). These correlations indicate that the PA measures 
account for between 48% and 73% of the variability.

20 40 80 80

IA Obstacle (in feet)

Rsq =0.4690

1200 100

3
50 100 150 200 250

PA Obstacle (in feet)
0 300

Rsq = 0.7335 4

0 20 160

PA Overhang (in feet) 6

Rsq = 0.4823
10 20 30

IA Overhang (In feet)5
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Stepwise regressions using SPSS 11.o were computed for each of the
three types of hazards with age, visual acuity, contrast sensitivity, and 
PA as independent variables and FA as the dependent variable. A step-
wise regression tests the contribution of each independent variable to 
the dependent variable. In the regression analysis of the FA for the drop-
off, age, visual acuity, and contrast sensitivity dropped out of the tested 
model, leaving only the PA variable (R = o.8oi; R square = 0.642). 
Similarly, the variables age, visual acuity, and contrast sensitivity also 
dropped out in the stepwise regression of the FA for the surface obstacle, 
leaving only the PA variable (R = 0.856, R square = 0.733). With regard 
to the overhang, the only significant contribution was for the PA 
variable (R = 0.694, R square = 0.482). This is not surprising in view of 
the nonexistent or low correlations between age, visual acuity, contrast 
sensitivity, and FA for each of the three obstacles. Of the nine possible 
correlations, seven were not significant; only the correlations between 
contrast sensitivity and visual detection distance for the drop-off (r = 
0.279, p < 0.031) and head-height obstacle (r = 0.240, p < 0.064) were 
significant. Although significant, these two correlations accounted for 
little variance (i.e., 8% and 6%, respectively). In contrast, the correlations 
between PA and FA were r = o.8oi (p < o.000) for the drop-off, r = o.856 
(p < o.000) for the surface obstacle, and r = 0.694 (p < o.000) for the
head-height obstacle. The amount of variance accounted for was 64%, 
73%, and 48%, respectively.

Discussion Previous studies of low vision mobility have utilized both 
laboratory and naturalistic routes in which to assess mobility per-
formance. The measures of performance have primarily examined con-
tacts with environmental obstacles and time to complete the route, often 
expressed as the percent preferred walking speed or PPWS. PPWS is, as 
previously noted, primarily a measure of the individual's efficiency of 
travel. Contacts with environmental obstacles, whether in the laboratory 
or in the naturalistic environment, have not proven to be a clinically 
useful measure, in large part, because such contacts rarely occur. Prior 
studies have also sought to determine the relationship between clinical 
variables, typically age and measures of visual acuity and contrast 
sensitivity, although visual field characteristics resulting from various 
eye pathologies have also been assessed. Additional studies have sought 
to better understand the effects of varying illumination or the familiarity 
of the traveler with the route.

In this study, we sought to extend the range of studies of low vision 
mobility by investigating whether the clinical variables measured (age,
visual acuity, contrast sensitivity) were related to the distance at which 
subjects with ARM could visually detect three distinct types of mobility 
hazards: a curb, a surface obstacle, or an overhanging object. The extent 
to which a guided assessment, conducted immediately after the initial 
assessment of visual detection distance, could predict the individual's 
performance after appropriate training (in visual detection of these 
hazards) and fitting with a filter to reduce glare effects was also explored.

Age was not significantly related to the subject's ability to visually 
detect any of the three types of obstacles, even though our subjects
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covered a wide age range (49-93 years). Of the clinical variables (visual 
acuity and contrast sensitivity), only visual acuity was related to the 
final visual detection distance of a hazard and then only for the surface 
obstacle. Correlations between visual acuity and contrast sensitivity 
and the three types of hazards, as measured in the initial assessment 
(IA) or final assessment (FA), were low or nonsignificant. For the 
method employed here, it seems fair to conclude that visual acuity and
contrast sensitivity did not accurately reflect the individual's potential
for improved performance.

The potential assessments did accurately predict the post-intervention 
potential for all three types of hazards, accounting for between 48% 
and 73% of the intersubject variability. Stepwise linear regression for 
each of the three types of hazards found that the potential assessments 
(PA), but not age, visual acuity, or contrast sensitivity, were sig-
nificantly related to post-intervention visual detection distances. The 
rehabilitation intervention significantly increased visual detection dis-
tances for most subjects for all three types of hazards. The regression 
analysis finding that visual acuity and contrast sensitivity did not sig-
nificantly contribute to the regression deserves more thought since 
prior research has shown these variables to be correlated with mobility 
performance. A possible reason they did not for this study was that part 
of an individual's ability to visually detect hazards relates to their visual 
acuity and contrast sensitivity and are therefore implicitly incorporated 
into the assessment used in this study. Of perhaps greater influence in 
the visual detection of hazards is the individual's ability to perceive the 
hazards and utilize this information in guiding their mobility. The later is 
likely a learned skill. If this is the case and if visual acuity and contrast 
sensitivity are inherent in the measures we used, then their inclusion as 
separate factors in the regression equation was redundant and/or 
overshadowed by the measure used. Alternatively, visual acuity and 
contrast sensitivity may have, for the subjects studied, little to con-
tribute to the measures as evidenced by their low correlation with any 
of the assessments. More study is clearly warranted.

Another question raised by this study is the extent to which training is 
necessary to result in the increased visual detection distances from the 
IA to the FA. Since the PA correlated highly with the FA, it can be
argued that in administering the PA the subject learns all that is nec-
essary and further training is not needed. While this is a possible expla-
nation, our clinical experience did not support this conclusion. During
training, the subjects were not consistently able to identify and respond
to (i.e., independently stop before contacting) hazards. Their ability to
respond did improve throughout the course of training. The current 
study, however, was not designed to assess training effects, and thus 
the question of the dosage (amount) of training necessary remains 
unanswered.

Of considerable interest was the finding that the potential assess-
ments appear to accurately predict those subjects who will improve as a 
result of the intervention and those subjects who will not improve. It
may also differentiate those whose visual detection distances are 
already sufficient for the types of hazards measured in this study. This
suggests that the potential assessment provides a good deal of speci-
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ficity (i.e., differentiating those who will and will not benefit from the 
intervention).

We were unable to find any literature that discussed visual detection
distances in terms of safety or efficiency of travel. In other words, what
distance is the minimum distance a traveler should be able to visually 
detect a particular hazard in order to safely avoid it? Alternatively, at 
what minimum distance should a traveler be able to visually detect a 
particular hazard in order to efficiently respond to it? This lack of infor-
mation makes it difficult to determine the efficacy of an intervention since 
the criteria to define efficacy are not known, and its absence in the 
literature suggests that more discussion of safety in the context of 
visually guided travel for individuals with low vision is needed.

To begin a preliminary discussion of minimum safe or efficient visual 
detection distances, we surveyed i6 very experienced O&M instructors 
from around the United States asking each: what is the minimum safe 
visual detection distance for a curb and what is the minimum efficient 
visual detection distance for a curb? The consensus minimum safe dis-
tance was considered to be 3–6 feet or o.9–I.8 meters (i.e., 1–3 steps) away 
from the curb. The consensus minimum efficient distance ranged from 6 
to 15 feet or 1.8 to 4.6 meters away from the curb. The responses were 
quite consistent, with only two suggesting significantly greater distances: 
8–10 feet (or about 3–4 steps) for safety and 15–16 feet (or about 6–7 
steps) for efficiency. If these safety and efficiency distances are valid, it 
would appear that our intervention is indeed efficacious since the 
majority of subjects did not conform to these prior to the 
intervention, but did attain distances greater than those judged neces-
sary for safe and efficient travel. It should also be pointed out that many
of the experts we polled were more comfortable discussing minimum 
safe and efficient distances in terms of the individual's step length, 
rather than in distances, as this took into consideration stride length 
which they considered to be an important factor, particularly in assess-
ing safety.

The data are also of considerable interest in that they suggest that 
severely visually impaired ARM patients are at greater risk of mobility-
related accidents than earlier studies have suggested. This is consistent 
with the literature on fall risk for older visually impaired individuals. 
While visual detection distances for the three types of hazards varied by 
the type of hazard, the majority of patients (73%) appeared to be at risk 
due to an inability to visually detect the drop-off; only to% to 25% of the 
subjects appeared to be at risk due to an inability to visually detect a 
surface hazard and/or a head-height obstacle.

Certainly, the limited distances at which many subjects could detect the 
tested mobility hazards would place them at risk for unsafe travel as 
rated by the expert O&M instructors we surveyed. The fact that only to% 
used a long cane (prior to training) further underlines the implied risk. As 
noted earlier, visual impairments are a risk factor for hip fracture-related 
falls and for a general decrease in independent travel. While it is tempting 
to link the results of the present study directly to such severe injury or 
curtailment of independent activities, the current study provides only 
circumstantial information. Additional work is
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needed both to confirm our results and to establish such linkages should 
they exist. Nevertheless, it is important to note that the current study 
suggests that ARM patients may be at greater risk of injury than prior 
research has suggested. In particular, ARM patients appear to be at 
greatest risk of injury due to their inability to detect drop-offs, and drop-
offs have not been extensively studied in prior research. This study 
presents evidence that the level of risk can be quantified and that
appropriate interventions may reduce it by increasing the distance at 
which patients can visually detect mobility hazards.

There are limitations to the present study and many unanswered 
questions. The use of only three `target' hazards limits the study in that
other target sizes and/or types (i.e., larger curb heights or larger or 
smaller obstacles) would likely yield different visual detection dis-
tances. And, as noted, only one measurement was made for each obstacle 
in each assessment. Multiple measures may improve the precision of the 
assessments, but would also increase the time required to complete the 
assessment. Similarly, lighting conditions can influence mobility 
performance; thus, it would be reasonable to conclude that different
results would be obtained under other lighting conditions.

The amount of training necessary to allow ARM patients to maximize 
their visual detection distances is a question for future research. 
Similarly, we did not parcel out the effect of adding filters in the FA. 
Although filters are useful, it has been our clinical experience that they do 
not result in improved visual detection distances to the extent measured 
in the current study for the increase from IA to FA. The relative 
contribution of training and filters does warrant additional study to 
parcel out their relative benefit to ARM patients.

The following conclusions seem warranted within the limitations of 
this study.

 ARM patients may be at greater risk of fall-related injury than prior 
research has indicated.

 The distance at which ARM patients are able to visually detect 
environmental hazards can be quantified and used as a mobility 
indicator.

 There appears to be substantial differences between the types of 
hazards in the degree of risk they pose to ARM travelers. Drop-offs 
may present the most serious risk, followed by head-height obstacles
and surface obstacles.

 It appears possible to predict whether training and fitting of filters 
will improve the patient's performance and, if so, how much improve-
ment is possible.

 Further research may find it profitable to explore alternative meas-
ures of mobility performance and their interactions (i.e., PPWS and 
DVRA) and the interaction of these measures with different types 
of objects commonly found in the environment.

If further research confirms the results of this study, it will have sub-
stantial implications for clinical practice patterns. For example, if the 
DVRA does correlate with fall risk and is amenable to quantification 
and change, as suggested by the current study, one could argue that all
severely visually impaired ARM patients should be assessed as to their
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relative risk. And, if they are found to be at risk, it will be possible to 
further argue that an appropriate efficacious intervention should be 
made.

It is interesting to also note that the current study uses a very straight-
forward, easily administered assessment of visual ability. Current clini-
cal tests of visual acuity and contrast sensitivity were found to be 
largely unrelated to the subject's `real-world' performance. This is not a 
unique finding – numerous investigators studying mobility have 
reached similar conclusions, as have others researching different func-
tional tasks (i.e., low vision reading behavior and clinical measures). 
During Dr. Gordon Legge's acceptance of the Glen A. Fry Award from 
the American Academy of Optometry, in the context of measuring low 
vision reading, he commented `The conclusion is an obvious one: the 
best way to assess low vision reading performance is to measure it.'
(Legge,27 P.768). Our findings suggest a similar obvious conclusion: the 
best way to assess low vision mobility is to measure it.

References
I Marron JA, Bailey IL. Visual factors 

and orientation: mobility 
performance. Am J Optom Physiol 
Opt. 1982;59:413-426.

2 Brown B, Brabyn JA. Mobility and 
low vision: a review. Clin Exp 
Optom. 1987;7o(3):96-I0 I.

Wilcox DT, Burdett R. Contrast 
sensitivity function and mobility in 
elderly patients with macular 
degeneration. J Am Optom Assoc.
1989;60(7)504-507.

Kuyk T. Telescopic low vision aids 
with motorized and auto focuses. J 
Visual Impair Blind. 1996;9o(4):
333-340.

Kuyk T, Elliot JL, Fuhr PSW. Visual
correlates of mobility in real world 

settings in older adults with low 
vision. Optom Vision Sci. 1998;75(7):
538-547.

6 Hassan SE, Lovie-Kitchin JE, 
Woods RL, Soong GP-Y. 
Orientation and mobility in ag e-
related macular degeneration. 
Visual Impair Res. 1999;1 (3):I75-
180.

7 Dodds AG, Davis DP. Low vision: 
assessment and training for mobility. 
Int J Rehabil Res. 1987;Io(3)327-
330.

8 Haymes S, Guest D, Heyes A, 
Johnston A. Mobility of people with 
retinitis pigmentosa as a function of
vision and psychological variables.

Optom Vision Sci. 1996;73(Io): 
621-6637.

9 Pelli E. The visual requirements of 
mobility. In: Woo GC, editor. 
Conference on Low Vision: 
Principles and Applications. 
Waterloo, Canada: Springer-Verlag,
1987.

to Clark-Carter DD, Heyes AD, 
Howarth CI. The effect of non-
visual preview upon the walking 
speed of visually impaired people. 
Ergonomics. 1986;29(12):1575-1581.

11 Klein BE, Klein R, Lee KE, 
Cruickshanks KJ. Performance-based 
and self-assessed measures of visual 
function as related to history of falls, 
hip fractures, and measured gait 
time. The Beaver Dam Eye Study.
Ophthalmology. 199E1;105( I): 16o-
164.

12 Kuyk T, Elliott JL, Biehl J, Fuhr PS. 
Environmental variables and mobility 
performance in adults with low 
vision. J Am Optom Assoc. 1996;
67(7)403-409-

13 'Ilrrano KA, Geruschat DR, Stahl JW. 
Mental effort required for walking: 
effects of retinitis pigmentosa. Optom 
Vision Sci. 1998; 75(12):879-886.

14 Dargent-Molina P, Favier F, 
Grandjean H, Baudoin C, Schott 
AM, Hausherr E, et al. Fall-related 
factors and risk of hip fracture: the

70 G.L. Goodrich & R. Ludt

3

4 

5



EPIDOS prospective study. Lancet. 
1996;348:145—149.

15 Felson DT, Anderson JJ, Hannan 
MT, Milton RC. Impaired vision and 
hip fracture: the Framingham study. 
J Am Geriatr Soc. 1989;37(6):495-500.

Behrmann M, Moscovitch M, 
Winocur G. Intact visual imagery 
and impaired visual percpetion in a 
patient with visual agnosia. J Exp 
Psycho! Hum Percept Perform. 
1994;20(5 ): 1068—I087.

17 Rubenstein LZ, Josephson KR, 
Osterweil D. Falls and fall 
prevention in the nursing home. Clin 
Geriatr Med. 1996;12(4):881-903.

18 Ivers RQ, Cumming RG, Mitchell P, 
Attebo K. Visual impairment and 
falls in older adults: the Blue 
Mountains Eye Study. J Am Geriatr 
Soc. I998;46(1):58-64.

19 Pukkala E, Pia K, Ojamo M, 
Rudanko S-L. Visual impairment
and cancer: a population-based 
cohort study in Finland. Cancer 
Causes Control 1999;Io:13—20.

20 Harwood RH. Visual problems and 
falls. Age Ageing. 200I ;30(Suppl 
4):13—18-

21 Bikson TK, Bikson TH, Genensky 
SM. The impact of interactive 
classroom television systems on the

educational exper i ence s  of severely 
visually impaired students. Santa 
Monica, CA: Rand Corporation,
1979.

22 Richterman H.
23 Dodds AG. Motivation

reconsidered: the importance of self-
efficacy in rehabilitation. Br J Visual 
Impair. 1989;7(1):1 I-15.

24 Hyvarinen L. Visual perception 
in `low vision'. Perception.
1999;28(12):1533—1537.

25 Goodrich GL. A picture without 
meaning isn't worth a thousand 
words: visual information in vision 
rehabilitation. In: Van der Wildt GJ,
editor. Conference on Low Vision: 
Research and New Developments in 
Rehabilitation. Groningen, The 
Netherlands: IOS Press, 1994; III-
120.

26 D'Alessandro C, Rodrigues L, Mendez 
S, Santiago M, Anet M, Filipuzzi B. 
The importance of visual perception 
in rehabilitation. In: Vision `96: 
International Conference on Low 
Vision Proceedings. Madrid, Spain:
Organizaci6n Nacional de Ciegos 
Espaiioles; 1998. p. 329—335

27 Legge GE. Glenn A. Fry Award 
Lecture 1990: Three perspectives on 
low vision reading. Optom Vision 
SCi. 1991;68(10) :7 63-769.

Assessing visual detection ability 7 1


