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Abstract— Application of the Hanger Reflex to walking
navigation was investigated. The Hanger Reflex is a
phenomenon that produces an illusory force and involuntary
rotation of the body parts by skin deformation. It was first
applied at the head by using a wire hanger, but is now known to
work on many body parts such as the waist, wrist, and ankle. In
the first experiment, we confirmed that the Hanger Reflex at the
waist significantly affects walking direction. In the second
experiment combining Hanger Reflex devices at the head, waist,
and ankle, we confirmed that the waist application is most
effective, and that combined Hanger Reflex imparted limited
influence on the results.

I. INTRODUCTION
Many people use the map applications of smartphones
daily for walking navigation. However, this potentially
increases the risk of accidents, since the users need to look at
the screen frequently and consequently may fail to pay
attention to traffic. The avoidance of this phenomenon, which
is called “texting while walking”, is a topic of current research.
Although auditory navigation offers an alternative, it is
difficult to use in a noisy environment unless the user wears a
headset, which also increases the risk.
One possible option is to use haptics. From the numerous
works on haptic navigation, we close to focus on the use of the
Hanger Reflex [1] [2], a pseudo-force sensation that
accompanies involuntary movement, which was previously
known to occur at the human head. When the frontal temporal
region and the opposing rear temporal region are pressed upon
by a wearable device, the head rotates unexpectedly. We have
found that the same phenomenon occurs at the waist and wrist
[3], and that it also generates leg rotation.
As the Hanger Reflex can elicit the feeling of rotation of
body parts and can also induce body motion, it is ideal for
walking navigation, which must “turn” the user. In this study,
we used three types of Hanger Reflex, head-type, waist-type,
and ankle-type, and evaluated their effects on walking.
II. RELATED WORK
A. Haptic navigation
There are several papers on haptic navigation, the aim of
which is to negate dependence on visual or auditory
information, which can be roughly classified into two
categories. The first uses temporal or spatial vibration patterns
to allow users to comprehend the information. Tsukada and
Yasumura [4] and Erp et al. [5] developed a waist-belt type of
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navigation device that presents directional and/or distance
information about the destination by using numerous vibrators
on the belt. Karuei and MacLean [5] used periodic vibration to
control walking speed. Several studies have also utilized the
vibration of a mobile device to make users turn in a desired
direction [7] [8] [9] [10]. Two representative mobile map
services, Google Maps and Apple Maps, recently adopted
vibration for walking navigation.
The second form of haptic navigation is the use of illusory
force sensation. Amemiya and Maeda [11] and Rekimoto [12]
showed that asymmetric vibration can induce a sensation of
force, and applied this as a navigation tool. Imamura et al. [13]
used a mobile actuator to present the perception of a guide rail
for natural haptic navigation.
While most of these methods can be easily adopted for
mobile applications and the use of force illusion might be
intuitive, users still need to “interpret” the presented
information. To further reduce the cognitive load while
walking, we need to consider navigation that directly affects
walking.
B. Navigation without interpretation
There are also several studies on navigation that does not
require explicit interpretation, which can also be classified into
two types. One method is to change human perception of the
surrounding environment and induce motion. Galvanic
vestibular stimulation [14] [15], an electrical stimulation
around the ears to change balance sensation, was employed to
control walking. Frey [16] developed CabBoots, a pair of
boots with tilting soles to represent tilted ground. Vection has
been utilized to influence the motion of the user or the
surrounding environment for walking navigation [17] [18].
Research on virtual reality has used shifting visual images to
alter the walking direction of the user in a limited space [18]
[20].
Another method is to directly move the body. Pfeiffer et al.
[21] adopted functional electrical stimulation to the thigh
muscle to “steer” the walking direction.
While these techniques might achieve intuitive navigation
with less cognitive load, some challenges remain. Changing
the perception of the surrounding environment might not be
desirable for users, especially for tourists who wish to enjoy
the scenery. Electrical stimulation still needs further research
for its stable operation to be confirmed.
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C. Hanger Reflex
To achieve navigation without interpretation, and without
changing the perception of the environment, we focused on the
phenomenon known as the Hanger Reflex. The Hanger Reflex
is a haptic-induced force illusion that accompanies involuntary
motion. It was previously known to occur at the head when a
hanger is fastened to it and specific points of the head are
pressed [1] [2]. The Hanger Reflex was also observed at other
parts of the body such as wrist and waist [3], and we recently
observed it also at the legs.
Edin and Johansson [22] reported that skin tangential
deformation can produce force sensation, and this
phenomenon was utilized for a simple presentation of force
[23] [24] [25]. Although the Hanger Reflex might be one such
illusion, it is characterized by strong involuntary rotation
accompanied with the force sensation. We proposed that this
induced motion can be used to navigate without interpretation.
III. HARDWARE

Fig 2

Waist-type Hanger Reflex Device generates force sensation and
involuntary waist rotation.

C. Ankle-type Hanger Reflex device
We developed an ankle Hanger Reflex device with a
similar structure (Fig 3), which was rotated to produce leg
rotation. For example, left rotation was produced by pressing
the front left part and back right part. The adjustment was
made by the user.

A. Head-type Hanger Reflex Device
We developed a U-shaped Hanger Reflex device made of
aluminum, both edges of the plate being connected by hook
and loop fastener strap (Fig 1) to enable it to fit to any each
user. The users wore the device and rotated it around their
heads to produce appropriate pressure distribution for the
Hanger Reflex. For example, to generate the Hanger Reflex to
the left, the device was rotated rightward to press the left front
temporal region and the right rear temporal region. This
adjustment was made by the user.

Fig 3 Ankle-type Hanger Reflex Device generates force sensation and
involuntary leg rotation.

IV. EXPERIMENT1: WAIST-TYPE HANGER REFLEX
ON WALKING
We conducted an experiment to confirm the effect of
Hanger Reflex on walking. We used the waist-type Hanger
Reflex device, since in our preliminary trial we observed a
strong effect on walking.
Fig 1 Head-type Hanger Reflex Device generates force sensation and
involuntary head rotation.

B. Waist-type Hanger Reflex device
We developed a waist-type Hanger Reflex device that has
a similar structure (Fig 2). The device was rotated to produce
appropriate pressure distribution. In the waist-type device, left
rotation is generated by pressing the right front part and left
back part of the abdomen, the adjustment being made by the
user.

A. Experimental Condition
Seven participants (6 male, 1 female) aged 20-24 years
participated in this experiment and no physical or mental
disabilities took part in our study. This experiment was
approved by ethics committee of the University of ElectroCommunications. Before the main experiment, all participants
confirmed that the Hanger Reflex was elicited at their waist by
the device.
During the experiment, the participants were asked to wear
an eye mask to block visual information and a canal-type
earphone to shut off spatial sound cues, although the
experimenter’s instructions could be heard though the
earphone. A 100bpm metronome sound (one step was 0.6
seconds) was presented from the earphone to control the
walking rhythm. The experimental area was 4m by 5m (Fig 4).
We placed the safety fence along the left and right boundaries.

V. EXPERIMENT2: COMBINED HANGER REFLEX ON
WALKING

.

Fig 4 Experimental field and appearance of the participant

B. Procedures
The participants were asked to stand on the start line, as
shown on the right side of Fig 4. They were asked to change
the condition of the Hanger Reflex from among three
conditions (Neutral, Left Rotation, Right Rotation). After
changing the device condition, they were asked to visually
confirm the center of goal line and then, equipped with an eye
mask, to start walking. Users were instructed to keep walking
“naturally” in accordance with the force of hanger Reflex.
There was another possible instruction to keep walking
“straight”, but as our purpose was to develop a navigation
device that is intuitive without changing the perception of the
environment, we chose not to use this instruction.
When the participant reached the goal line 5m from the
start point the experimenter asked the participant to stop, and
the shift from the center was measured. The three conditions
were presented eight times in random order, a total of 24 trials
for each participant.

While we found a significant effect of the waist-type
device on walking, we did not quantitatively evaluate other
types of Hanger Reflex device. Furthermore, a combination of
these devices might strengthen or weaken the effect. To
confirm this we conducted the second experiment using setups
similar to the previous experiment, but where participants
were equipped with head-type, waist-type, and ankle-type
Hanger Reflex devices.
A. Setup
The participants wore an eye mask to block visual
information, a canal-type earphone to block ambient sound
while communicating with the experimenter, and head-type,
waist-type, and ankle-type Hanger Reflex devices. White
noise from the earphone blocked auditory information and a
100bpm metronome sound (one step was 0.6 seconds) was
presented from the earphone to control the walking rhythm.
A retro-reflective maker was attached on the head-type
Hanger Reflex device, and the position of the participant was
tracked by a camera-based system (Optitrack FLEX3, Natural
Point, Inc). The size of the experimental area was changed to
4 m by 4 m, to enable tracking of the participants with the
sensor. The safety fence was set on each side (Fig 6).

C. Results
Fig 5 shows the result of the experiment. The vertical axis
shows the shift of participants from the center line. Negative
values indicate left shift and positive values indicate right shift.
The horizontal axis represents types of Hanger Reflex
condition: R is right rotation, N is neutral, and L is left rotation.
Fig 6 Experimental field and appearance of the participant.

Fig 5 Walking Shift for each type of presentation.

We performed a post hoc Tukey-Kramer test, and found a
significant difference between N and R (p<0.001), N and L
(p<0.001), and L and R (p <0.001). When there was no Hanger
Reflex (No-rotation condition), participants walked almost
straight, but when the Hanger Reflex was presented at the
waist they turned to the direction of the pseudo-force. These
results demonstrate the possibility of walking navigation by
Hanger Reflex.

B. Procedures
The participants were asked to stand on the start line and
wear three Hanger Reflex devices (head, waist and ankle).
They were then asked to turn these devices to the assigned
body-rotation directions from among the three states Neutral,
Left, and Right: for example, the head device to the left, waist
device to neutral, and ankle device to the left (“LNL”
condition”). Under all conditions, participants always wore the
three devices. The participants visually confirmed the center
of the goal line, and wore an eye mask. After white noise and
the metronome soundtrack began, the participants started to
walk. When the participant reached the goal line, the sound
from the headset was stopped to indicate the goal line. As in
experiment 1, participants were instructed to keep walking
naturally in accordance with the force of Hanger Reflex on
walking.
C. Experimental Condition
Seven participants (7 male) aged 20-25 years participated
in this experiment and no physical or mental disabilities took
part in our study. This experiment was approved by ethics
committee of the University of Electro-Communications. All
participants confirmed that

Fig 7

Head-, waist-, and ankle-type Hanger Reflex devices generate Hanger Reflex by rotating each device. (In order from the left, showing the mount
condition of the head, waist, and ankle. N indicates Neutral, L is left rotation, R is right rotation.)

Hanger Reflex was elicited at their three body parts by the
devices.
While three Hanger Reflex devices produce 27
combination patterns (three directions for each device), we did
not test contradictory conditions (i.e. mixture of left and right
rotation), since the purpose of our experiment was to find an
effective way of navigation. Thereby, we used a total of 15
patterns as shown in Fig 7. For example, “LLL” means all
three devices presented left rotation. Each condition was
presented four times, a total of 60 trials for each participant.
D. Results
Fig 8 shows the representative path of one user.
The top of Fig 9 shows the shift of position at the goal line
for each combination pattern. The positive and negative values
represent left and right shift. A significant difference observed
by a Turkey-Kramer test is shown in the figure. The middle of
Fig 9 shows the change of traveling direction per 1 m walking
distance for each combination pattern. The positive and
negative values represent left and right rotation. A significant
difference observed by Turkey-Kramer test is shown in the
figure.

left (NNL), but there was no significant difference between
NNR and NNN. Furthermore, the head-type Hanger Reflex
device alone (RNN and LNN) did not show a significant
difference compared with the neutral condition. From these
results, we can conclude that among our currently developed
three devices, the waist-type most effectively changes the
direction of walking. We did not observe a significant effect
of the combined presentation.
The head or the leg of the participants was rotated when
they were equipped with a head-type or ankle-type device.
However, they could not effectively rotate the walking path in
comparison with the waist-type device. One possible
explanation for this is that the head and leg are small body
parts with a small inertial mass, so that users can neglect their
rotation. On the other hand, when the waist-type device was
applied, the whole upper body (with sufficiently large inertial
mass) was rotated, which affected walking.

VI. CONCLUSION

In this paper we proposed a novel haptic navigation system
for walking using the Hanger Reflex, a phenomenon that
presents an illusory force sensation and induces rotation of
body parts, which are considered as ideal characteristics for
intuitive walking navigation.
The first experiment showed that the Hanger Reflex device
attached at the waist significantly changed the direction of
walking, with around an 80 cm shift to left or right along a 5
m pathway. The second experiment, combining multiple
hanger Reflex devices at the head, waist, and ankle, showed
that the waist-type Hanger Reflex device is superior to the
other two types, and that the effect of combined presentation
was limited.

Fig 8 Plots of the raw data from half trials of one user.

E. Discussion
From the top and bottom of Fig. 9, we see that when the
waist-type Hanger Reflex device was effective (*R* or *L*),
the result showed a significant difference compared with the
neutral (NNN) condition. There was a similar result when the
ankle-type Hanger Reflex device was attached to turn to the

While our main motivation was to use the device in a real
environment, as the technique is simple, inexpensive, and fairy
effective, this method has the potential to be used by visually
impaired people, or may be applied to a virtual reality walking
system to redirect walking direction, which is one of the “hot
topics” in the virtual reality system known as redirected
walking [18] [20]. We intend to conduct further research on
this type of virtual reality application, as on well as on
navigation in the real environment.

Fig 9

Top: Change of traveling direction per meter for each type of combination pattern.
Middle: Shift of position at goal line for each type of combination pattern.
Bottom: Head-, waist-, and ankle-type Hanger Reflex devices generate Hanger Reflex by rotating each device.
(In order from the left, showing the mount condition of the head, waist, and ankle. N indicates Neutral, L is left rotation, R is right rotation.)
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