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Structured abstract: Introduction: The purpose of this study was to investigate
the effect of cane tip design and cane technique modification on obstacle
detection performance as they interact with the size, height, and position of
obstacles. Methods: A repeated-measures design with block randomization was
used for the study. In experiment one, participants attempted to detect obstacles
with either a marshmallow tip or a bundu basher tip. In experiment two,
participants were asked to detect obstacles using either the constant-contact
technique or a modified constant-contact technique. Results: As predicted, the
obstacle detection rate with the bundu basher tip (M � 66.1%, SD � 7.4%) was
significantly higher than that with the marshmallow tip (M � 54.6%, SD �
6.8%), F(1, 11) � 24.19, p � .001, r � .83. However, contrary to our hypothesis,
the obstacle detection rate with the modified constant-contact technique (M �
56.0%, SD � 7.4%) was significantly lower than that with the constant-contact
technique (M � 61.3%, SD � 5.2%), F(1, 13) � 6.49, p � .024, r � .58. In
addition, participants detected the obstacles that were positioned at the center of
their walking path (M � 61.9%, SD � 6.6%) at a significantly higher rate than
those positioned slightly off to the side (M � 55.4%, SD � 7.3%), F(1, 13) �
10.73, p � .006, r � .67. Discussion: A bundu basher tip was more advantageous
than the marshmallow tip for detecting obstacles. Implications for practitioners:
Given the findings of the study, cane users and orientation and mobility (O&M)
specialists should consider using or recommending a bundu basher tip (or a
similar tip that has an increased contact area with the walking surface), partic-
ularly when the traveling environment often presents unexpected obstacles that

may trip the cane user.
Modern long cane design and techniques
have changed little since their develop-
ment in the 1940s. The two-point touch
technique—swinging the cane from side
to side and tapping the edges of one’s

walking path in an arc slightly wider than
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the widest part of one’s body—has been
the standard long cane technique in its
history (LaGrow & Long, 2011). The
constant-contact technique—sweeping the
cane from side to side, keeping the cane

tip in constant contact with the walking
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surface—is also widely used among cane
users (De Bruin, 1981). Regardless of
which cane design or technique is used,
obstacle detection, a key component of
preview offered by a long cane (Blasch,
LaGrow, & De l’Aune, 1996), is crucial
for the safety of travelers who are visually
impaired (that is, those who are blind or
have low vision). Obstacles such as con-
struction cones or toys left on the side-
walk, when undetected, may trip the cane
user, resulting in falls and consequent
fall-induced injuries.

Key functions of a long cane include
detection of drop-offs and obstacles
(Blasch et al., 1996). Several recent
studies have examined how different
biomechanical and ergonomic factors af-
fect drop-off detection with the long cane.
Cane users detected drop-offs more reli-
ably when they used the constant-contact
technique than when they used the two-
point touch technique, particularly if they
were inexperienced cane users (Kim,
Wall Emerson, & Curtis, 2009, 2010).
Cane users also detected drop-offs better
when they limited the cane arc width to
approximately one inch beyond the wid-
est part of the body compared to when
they swung it a foot wider on both sides
(Kim, Wall Emerson, & Naghshineh,
2017). In addition, cane users detected
drop-offs at a higher percentage with a
heavier cane than with a lighter cane (Kim,
Wall Emerson, Naghshineh, & Auer, 2017)
and with a standard-length cane—deter-
mined by the sternum method as outlined
in LaGrow and Long (2011)—than with
an extended-length cane, which was 16
inches longer than the standard length (Kim
et al., 2017).

With respect to the biomechanical fac-

tors affecting obstacle detection, LaGrow,
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Blasch, and De l’Aune (1997a) reported
that participants achieved the greatest
detection distance for foot-level objects
when their cane-holding hand was held at
the midline and was positioned below the
waist. In another study, LaGrow, Blasch,
and De l’Aune (1997b) also documented
that the two-point touch technique did not
provide consistent surface preview for
four of seven participants. Wall and Ash-
mead (2002) found that pivoting the wrist
when swinging the cane resulted in better
body coverage than moving the whole arm.
More recently, Kim and Wall Emerson
(2014) reported that the constant-contact
technique was better than the two-point
touch technique for detecting shorter ob-
stacles, but there was no significant dif-
ference in obstacle detection performance
between the two techniques for taller
obstacles.

As for the ergonomic factors that affect
obstacle detection, Bongers et al. (2002)
documented that the longer the cane, the
better the body coverage, while Kim et al.
(2017) reported that a 16-inch difference
in cane length did not have a significant
effect on obstacle detection performance.
In addition, several researchers in com-
puter science and engineering disciplines
recently tested the effectiveness of proto-
type electronic canes or wearable de-
vices for detecting obstacles. Most of
these devices have been designed as a
secondary device, complementing a tra-
ditional long cane as an attachment to the
cane (Gallo et al., 2010; Kim & Cho,
2013; O’Brien, Mohtar, Diment, & Reyn-
olds, 2014; Pyun, Kim, Wespe, Schneller,
& Gassert, 2013; Tahat, 2009; Wang &
Kuchenbecher, 2012). The majority of
these studies reported a modest improve-

ment in the object detection rate, largely

tober 2018 ©2018 AFB, All Rights Reserved



mall
as a result of detecting above-waist-level
overhanging obstacles, which are inher-
ently undetectable by the traditional use
of a long cane. Although a few stand-
alone electronic devices designed for re-
placing a long cane have also been tested
(Bhatlawande et al., 2014a, 2014b; Bou-
hamed, Kallel, & Masmoudi, 2013; Jes-
lin, Vaishnavi, & Nivedha, 2015), none
of these devices demonstrated the ability
to reliably detect even large drop-offs,
which limits the practical implications of
these devices in their current forms for
enhancing the safety of blind travelers.

Cane tip design appears to be an im-
portant factor in obstacle detection be-
cause the tip is the part of the cane that
frequently makes contact with encountered
obstacles. Schellingerhout, Bongers,
van Grinsven, Smitsman, and van Galen
(2001) reported that a long cane with a
shaft bent on the cane tip end with an aim
to increase the contact area with the walk-
ing surface resulted in a significantly
higher rate of obstacle detection than a
traditional long cane with a straight shaft.

Figure 1. Bundu basher tip (left) and marsh
Although not widely used in the United
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States, a bundu basher tip (see Figure 1),
originally developed in the bush country
in Africa with the apparent aim of reduc-
ing the cane’s tendency to stick on rough
surfaces, provides an increased contact
area with the walking surface somewhat
similar to the way Schellingerhout et al.’s
(2001) bent cane did. Given that replacing
a cane tip is an easier and more practical
way to increase the cane’s contact area
with the walking surface than bending the
cane shaft in specified angles—some shaft
materials such as graphite or carbon fiber
are not amenable to angular bending—we
examined whether a bundu basher tip
would allow the participants to more reli-
ably detect obstacles of different sizes and
heights.

In respect to cane techniques, although
the constant-contact technique was found
to be better than the two-point touch tech-
nique for detecting shorter obstacles, it
is important to note that the overall ob-
stacle detection rate was only 56% even
when the constant-contact technique
was used (Kim & Wall Emerson, 2014).

ow tip (right).
In addition, tall obstacles (five-inch- and
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seven-inch-tall obstacles), which pose a se-
rious risk of tripping if missed, were still
undetected by the participants a third of the
time (Kim & Wall Emerson, 2014).
Interestingly, four decades ago Uslan
(1978) reported that by modifying the
two-point touch technique—having the
cane user swing the cane, pivoting from
the elbow as well as from the wrist, keep-
ing the orientation of the cane parallel to
the cane user’s line of travel at all times—
the coverage rate increased from 69% to
100% (full path coverage). Although Us-
lan (1978) calculated the coverage rate
based on the coordinates he generated by
having the participants walk on a portable
pathway with an electrical ladder network
(rather than using actual obstacles), accom-
plishing a full path coverage was clearly
noteworthy. Given that, we designed a
study to determine whether similar results
would be obtained when the participants are
presented with actual obstacles of different
sizes on their walking path. The purpose of
the present study was to investigate the
effect of the cane tip design and cane
technique modification on obstacle detec-
tion performance as they interact with the
size (diameter), height, and position of the
obstacles.

Experiment one (cane
tip design)
METHODS

Study design and participants
A repeated-measures design with block
randomization was used for the study.
Twelve students (seven female and five
male) aged 22 to 37 years (median age �
25 years) from Western Michigan Uni-
versity’s (WMU) orientation and mobility

(O&M) program participated in the study.
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Two were visually impaired (visual acu-
ities ranged from 20/50 to no light per-
ception), and the remaining participants
had typical vision. The participants were
familiar with basic cane techniques, includ-
ing the constant-contact technique. Cane-
use experience of the visually impaired
participants ranged from 3 to 11 years (me-
dian � 7 years), and that of the sighted
participants (blindfold training) ranged
from 1 month to 4 months (median � 4
months).

Apparatus
Each participant used a graphite rigid
long cane (Ambutech UltraLite Graphite
Rigid Cane) with a marshmallow tip
(Ambutech MT4080 High Mileage Tip)
or a bundu basher tip (Bevria) (see Figure
1). A proper length of the cane was de-
termined for each participant according to
his or her height, as outlined in LaGrow
and Long (2011). Circular objects of dif-
ferent sizes (diameters of two, six, 10, and
14 inches) and heights (one, three, five,
and seven inches) constructed with Sty-
rofoam and linoleum were used for the
study. These objects were presented on a
participant’s walking path either at the mid-
line or slightly off to the side of the walking
path (six inches off either to the left or
right from the midline) following a ran-
domized schedule. A 20-foot-long rail (3
feet high), built with PVC pipes, was
placed next to the walking path for par-
ticipants to trail with the free hand, en-
abling them to walk consistently along
the midline of the intended walking path
(see Figure 2). This measure was de-
signed to ensure that the participants en-
countered the obstacles at the intended
relative positions from the sagittal plane

of their body (see Kim et al., in press,
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and Kim & Wall Emerson, 2014 for
further details of the study apparatus and
procedure).

Research procedure
Upon arriving at the study site, each par-
ticipant signed the informed consent form
approved by WMU’s Human Subjects In-
stitutional Review Board. During all tri-
als, all participants wore sleep shades and
a full-size headphone set (Sony MDR-
ZX770BT) that was wirelessly connected
to a digital audio (MP3) player (iPod
Touch 5th Generation), through which
they heard regular beats over white noise
(recorded by Sounds for Life). Back-
ground white noise was utilized to pre-
vent the participants from using auditory
cues for detecting obstacles, while the

Figure 2. Participant approaching the obsta-
cle on the obstacle detection path along the
20-foot-long guide rail.
regular beats (90 to 110 beats per minute)
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helped them walk at a consistent pace
through the trials. Each participant was
positioned on the midline of the obstacle
detection walking path and properly
aligned with the path before the begin-
ning of each trial. To prevent them from
anticipating the obstacle at a predictable
distance, the distance between the partic-
ipant and the obstacle was randomly var-
ied from 10 to 20 feet. At a signal from
the experimenter, the participant ap-
proached the obstacle on the indicated
walking path using the constant-contact
technique.

In half of the trials, the participants
used a marshmallow tip, and they used a
bundu basher tip in the other half. Each
participant completed six trials for each
of the 16 size-height combinations (four
sizes � four heights) for each of the two
cane tip conditions (a total of 192 trials
per participant). Each participant was in-
structed to stop immediately and say “ob-
stacle” upon detecting an obstacle with
the cane. A trial was recorded as a miss if
the participant failed to detect the obsta-
cle with the cane before contacting it with
the foot or other part of the body; inter-
rater reliability was 98%.

Variables and analyses
The obstacle detection rate was calculated
by dividing the total number of detections
by the total number of trials. Type of cane
tip, obstacle size (diameter), and obstacle
height were the independent variables.
Upon completion of descriptive statistical
procedures, we used a three-way repeated-
measures ANOVA to answer our research
questions. Given that the variability of
proportions is not constant across the
range of 0 and 1 (that is, variability peaks

at .5 and declines to zero at 0 and 1), raw
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percentages were converted to rational-
ized arcsine units (RAU) before ANOVA
was performed (Studebaker, 1985). RAU
scores were converted back to percent-
ages for reporting descriptive results (for
example, means and standard deviations
for given conditions). In case of the vio-
lation of the sphericity assumption, ad-
justments were made to the ANOVA re-
sults by using the Greenhouse-Geisser
degree of freedom correction. We used a
significance level of .05 for all statistical
tests (two-tailed). The statistical power of
the main-effect F-tests was .71 or higher
when a large effect size (f � .4) was
assumed (Cohen, 1988; Erdfelder, Faul,
& Buchner, 1996). All statistical analy-
ses, except for power analyses (G*Power
version 3.1), were conducted with SPSS
version 24.

RESULTS

Overall, participants were able to detect
the obstacles 60.3% (SD � 5.9%) of the
time. The obstacle detection rate with the
bundu basher tip (M � 66.1%, SD �

Figure 3. Obstacle detection performance
confidence intervals.
7.4%) was statistically significantly
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higher than that with the marshmallow
tip: M � 54.6%, SD � 6.8%, F(1, 11) �
24.19, p � .001, r � .83 (see Figure 3).
Obstacle detection performance improved
as the size (diameter) of the obstacle in-
creased, F(3, 33) � 95.44, p � .001.
Similarly, the taller the obstacle, the
higher the detection rate, F(3, 33) �
35.92, p � .001. None of the two-way
interactions were statistically significant:
cane tip � obstacle size, F(3, 33) � .40,
p � .756; cane tip � obstacle height,
F(2.1, 23.4) � .33, p � .805; and obstacle
size � obstacle height, F(9, 99) � 1.00,
p � .446. The three-way interaction was
not statistically significant either, F(9,
99) � 1.53, p � .149.

When examined purely descriptively
within the sample, the obstacle detection
rate of the visually impaired participants
(M � 67.4%, SD � 1.1%, n � 2) was
somewhat higher than that of the sighted
participants (M � 58.9%, SD � 5.4%,
n � 10). However, the groups benefited
from the bundu basher tip similarly—

ifferent cane tips. Error bars indicate 95%
by d
from 63.0% to 71.9% for the visually
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impaired group; from 52.9% to 64.9% for
the sighted group.

Experiment two (cane
technique modification)
METHODS

Study design and participants
A repeated-measures design with block
randomization was used for the study. We
recruited 14 sighted students (10 female
and 4 male) aged 24 to 51 years (median
age � 32 years) from WMU’s O&M pro-
gram. The participants were familiar with
basic cane techniques, including the
constant-contact technique, and their cane
use experience ranged from one month to
four months (median experience � one
month).

Apparatus
The apparatus used for experiment two
was the same as described in experiment
one except that only the seven-inch-high

Figure 4. Modified constant-contact techniq
conjunction with one another to keep the orie
of travel at all times.
obstacles of three different sizes (diame-

©2018 AFB, All Rights Reserved Journal of Visual
ters of 2, 6, and 10 inches) were used for
the study. Being 7 inches tall, these obsta-
cles posed a greater risk of tripping the cane
user if missed than the shorter ones. Unlike
in experiment one, only the marshmallow
tip was used in experiment two.

Research procedure
The research procedure used for experi-
ment two was the same as described in
experiment one, except that in half of the
trials the participants used the constant-
contact technique, while in the other half
they used the modified constant-contact
technique similar to the modified two-
point touch technique Uslan (1978) de-
scribed in his study. That is, the partici-
pants swung their arm across the body,
engaging the shoulder, elbow, and wrist
joints concurrently, so that the orientation
of the cane was kept parallel to the line of
travel at all times (see Figure 4). This
method is in contrast to the traditional

wrist, elbow, and shoulder joints move in
on of the cane parallel to the cane user’s line
ue—
ntati
constant-contact technique, which involves
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arcing the cane with a hinge-like pivoting
motion of the wrist while keeping the elbow
and shoulder joints motionless. The width
of the lateral cane tip movement in the mod-
ified constant-contact technique was kept at
approximately an inch wider than the wid-
est part of the cane user’s body.

A research assistant changed the size
and position of the obstacle for each trial
following a randomized schedule. Each
participant completed 10 trials for each of
the nine size-position combinations (three
sizes � three positions—left, midline, or
right) for each of the two cane techniques—
constant-contact and modified constant-
contact techniques (a total of 180 trials per
participant).

Variables and analyses
Type of cane technique, obstacle size, and
obstacle position were the independent vari-
ables. Analyses for experiment two were
the same as described in experiment one
except that the statistical power of the main
effect F-tests was .79 or higher when a large
effect size (f � .4) was assumed (Cohen,

Figure 5. Obstacle detection performance
confidence intervals.
1988; Erdfelder et al., 1996).
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RESULTS

Overall, participants were able to detect a
little more than half of the obstacles on
their walking path (M � 58.6%, SD �
5.2%). Contrary to our hypothesis, the
obstacle detection rate with the modified
constant-contact technique (M � 56.0%,
SD � 7.4%) was statistically significantly
lower than that with the constant-contact
technique: M � 61.3%, SD � 5.2%, F(1,
13) � 6.49, p � .024, r � .58 (see Figure
5). Obstacle detection performance im-
proved as the size of the obstacle in-
creased, F(2, 26) � 119.46, p � .001. In
addition, participants detected the obsta-
cles that were positioned at the center of
their walking path (M � 61.9%, SD �
6.6%) at a statistically significantly higher
rate than those positioned slightly off to
the side: M � 55.4%, SD � 7.3%, F(1,
13) � 10.73, p � .006, r � .67. None of
the two-way interactions were statisti-
cally significant: technique � obstacle
size, F(2, 26) � .62, p � .546.460; tech-
nique � obstacle position, F(1, 13) � .42,

obstacle position. Error bars indicate 95%
by
p � .528; and obstacle size � obstacle
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position, F(2, 26) � 2.12, p � .140. The
three-way interaction was not statistically
significant either, F(2, 26) � .62, p �
.547.

Discussion
INTERPRETATION OF THE FINDINGS

As predicted, a bundu basher tip was bet-
ter than the marshmallow tip for detecting
obstacles. However, contrary to our hy-
pothesis, the constant-contact technique
allowed a higher rate of obstacle detec-
tion than the modified constant-contact
technique. The bundu basher tip’s larger
contact area with the walking surface ap-
pears to have contributed to its advantage
over the marshmallow tip. In other words,
the bundu basher tip covered a larger sur-
face area than the marshmallow tip when
the cane was swung back and forth, re-
sulting in making contact with more ob-
stacles than the marshmallow tip did.

The modified constant-contact tech-
nique’s poor performance (overall detec-
tion rate of 56%), despite the claim of
perfect coverage by Uslan (1978), may be
attributable to several factors.

First, when Uslan calculated coverage
rate, he assumed all obstacles to be at
least as high as the cane-holding hand (for
instance, poles, pillars, and the like). In
our study, to better simulate real-world
obstacles such as bricks, driveway toys,
and construction cones, we used obstacles
of different diameters (2 to 14 inches) and
heights (1 to 7 inches). One of our obser-
vations was that many obstacles were
missed as the cane was swung over them.
For example, when an individual who is
five feet, seven inches tall uses a long
cane, as prescribed in LaGrow and Long

(2011), his cane-holding hand is posi-
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tioned at approximately 28 inches from
the ground, forming an angle of about 40
degrees between the cane and the walking
surface. That is, regardless of which tech-
nique was used, only the first 11 inches of
the cane shaft from the cane tip were
useful for detecting even the tallest obsta-
cles used in our study. Partly as a result of
the heights of the obstacles used in our
study, the modified constant-contact tech-
nique produced an obstacle detection rate
far lower than what was claimed by Uslan
(1978).

Second, anatomical or physical charac-
teristics of some of the participants made
it challenging for them to move the cane-
holding hand and forearm laterally fully
across the body, which is one of the
required motions of the modified constant-
contact technique. As a result, it was dif-
ficult for some of the participants to use
the modified constant-contact technique
exactly as prescribed, possibly causing
inconsistencies in its use.

It was interesting to note that the par-
ticipants were able to detect the obstacles
placed at the center of their walking path
at a higher percentage than those placed
six inches off to the side, regardless of the
technique. This difference in detection
performance might have been partly be-
cause of the uneven coverage of the walk-
ing path by some of the participants re-
sulting from swing arcs that often covered
far beyond the boundary of the walking
path on one side while not extending
widely enough to cover the walking path
on the other side. In fact, the detection
rate for the obstacles on the cane-holding-
hand side (M � 56.9%, SD � 12.0%) was
slightly higher than that for the obstacles
on the non-cane-holding-hand side (M �

53.8%, SD � 8.5%).
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LIMITATIONS

One of the limitations of the study (ex-
periment two) was that the participants
were less familiar with the modified
constant-contact technique and did not
have an extended period of time to prac-
tice it. Another limitation is related to the
use of mostly sighted O&M students as
participants. Use of such a sample limits
the generalizability of the study findings.
However, although examined purely de-
scriptively, it is worth noting that the two
visually impaired cane users included in
experiment one—who were also far more
experienced in cane use than the sighted
O&M students (median cane use experi-
ence � seven years)—detected obstacles
at a higher percentage (M � 81.3%, SD �
2.9% for seven-inch-tall obstacles when
using the constant-contact technique)
than did the sighted O&M students (M �
62.9%, SD � 6.6% for seven-inch-tall
obstacles when using the constant-contact
technique). In addition, the obstacle de-
tection rate for the seven-inch-tall obsta-
cles of the visually impaired cane users
who participated in our previous study
with the same protocol (Kim et al., 2017)
(M � 78.0%, SD � 7.1%, median cane-
use experience � 18 years, n � 15) was
also similar to that of the visually im-
paired participants in this study. These
results indicate that the overall obstacle
detection performance of the experienced
visually impaired cane users may be bet-
ter than that of the less experienced
sighted O&M students. Last, the statisti-
cal power for detecting interaction effects
might not have been adequate.

PRACTICAL IMPLICATIONS

The obtained effect size (the size of the

impact produced by the treatment, Huck,
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2008) that corresponds to the bundu
basher tip’s advantage over the marsh-
mallow tip is large (r � .83) when mea-
sured against Cohen’s (1988) operational
definition of effect size in behavioral sci-
ences. Although subjective, the actual dif-
ference in the detection rate of 11.5%
(66.1% vs. 54.6%) also appears to be
large enough to be practically meaningful
for cane users. Furthermore, even for
taller obstacles (five-inch and seven-inch
obstacles), missing which poses a serious
risk of causing one to lose one’s balance
or fall, the bundu basher tip’s advantage
over the marshmallow tip remained large
(r � .77, 75.0% vs. 64.2%). Given that
advantage, cane users and O&M specialists
should consider using or recommending a
bundu basher tip (or a similar tip that has
an increased contact area with the walk-
ing surface), particularly when the travel-
ing environment often presents unex-
pected obstacles that may trip the cane
user or for older cane users who are more
prone to falls. The findings of this study
also suggest that the modified constant-
contact technique may not have an advan-
tage over the traditional constant-contact
technique in detecting obstacles—at least
ones that are not taller than seven inches—
while requiring biomechanical move-
ments that are anatomically challenging
for some of the cane users. Given that
finding, it is not recommended that O&M
specialists advocate for this technique to
their students with an aim of improving
their ability to reliably detect obstacles.
However, we do not interpret the findings
to suggest that the bundu basher tip
should be the cane tip recommended to all
cane users in all situations, or that the
traditional constant-contact technique

should be the technique used in all cir-
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cumstances. Rather, a thoughtful consid-
eration of the pros and cons of each cane
tip and technique, as well as the cane
user’s abilities and situations, needs to be
taken into account when deciding which
cane tip or cane technique should be used
in a given environment.

RECOMMENDATIONS FOR FUTURE STUDIES

Obstacle detection is only one of the
many outcome measures of long cane
performance. A study that examines how
reliably a bundu basher tip allows a cane
user to detect drop-offs and changes in
walking surface texture would be neces-
sary to determine its overall effectiveness.
In addition, an investigation into how
different cane techniques and designs
(for example, cane shaft, tip weight, and
weight distribution) cause fatigue and
consequent deterioration of cane perfor-
mance would be helpful in determining
the practical usability of a given tech-
nique or design. Moreover, conducting
similar studies in real-world settings (for
instance, an actual sidewalk with obsta-
cles such as construction cones, driveway
toys, and the like) and conditions (for
instance, without occluding hearing)
would allow us to further determine the
practical applicability of the study find-
ings. Last, inclusion of a sufficient num-
ber of experienced visually impaired cane
users would improve the generalizability
of the study findings.
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