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Abstract. The hanger reflex is a phenomenon in which thel rezoluntarily
rotates when force is applied via a wire hangetqidaon the head. The applica-
tion of pressure to particular points of the headeécessary to induce this phe-
nomenon, which occurs when shear deformation ofsitie induces illusory
force perception. Because the hanger reflex reptesee induction of force and
motion using a simple device, and has been founthier body parts such as the
wrist, waist, and ankle, it is expected to be usafuan application in haptic in-
terface technology. In this paper, we describe degctions of force associated
with the hanger reflex; four translation, and twtational directions of the head,
and four translation and one rotational directibthe waist.
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1 I ntroduction

Hanger reflex is a phenomenon in which the headlimtarily rotates when forces
are applied in specific locations, such as thosated by placing a wire hanger on the
head, as shown in Fig 1 [1][2]. Sato et al. meabtine pressure distribution of the
points of contact of the hanger necessary to intheedanger reflex, and found “sweet
spots”, i.e., an optimal position for the hanggredfically, they showed that the direc-
tion of lateral skin stretch contributes to theedtion of the hanger reflex [2][3], as per
the previously observed skin stretch force sensatjé][5][6][7]. Because the hanger
reflex represents the induction of force and motisimg a simple device, and has also
been observed with other parts of the body suchhaswrist, waist, and ankle
[8][9][10][11], it is expected to have useful apgaltion in generating haptic interfaces.
Thus, the mechanism and conditions leading to thempmenon have been previously
investigated (Fig 2). In this paper, we soughtiwhfer examine the hanger reflex with
respect to other directions of translation or iotatTo this end, we developed new
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device enabling to study the whole-body hangeexeflith arbitrary directions of trans-
lation and rotation.

Fig 1. Hanger reflex [2]
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Fig 2. Mechanism of the hanger reflex device (wrist) : By changing the ori-
entation of the device, an illusory force can be induced in two directions [10]

2 Device and preliminary trials

21 Head-type hanger reflex device

In previous research, the hanger reflex of the Heatibeen confirmed only with
respect to the yaw axis (i.e., along the long akisody parts) [1][2]. However, as the
main cause of the hanger reflex is considered ttheéllusory perception of force
generated by shear deformation of the skin [3fs probable that appropriate shear
deformation of the skin around other body axesaldib generate rotation, and possibly
translation as well.

We developed a new elliptical hanger reflex deviagle of carbon fiber reinforced
plastic that is elastic (Fig 3a,b,c) [12]. To produhe hanger reflex, the user must rotate
the device around their head to produce an ap@teppressure distribution and shear
deformation of the skin. We developed three versidtihe device to generate different
types of skin deformation, as shown in Fig 3d,e\ confirmed that (1) pressure
applied to the upper frontal and lower back regoiithie head generated illusory force



and rotational motion along the pitch axis (Fig,2d)d (2) pressure to the upper lateral
and lower contralateral regions of the head geadrétisory force and rotational mo-
tion along the roll axis (Fig 3e). Furthermore, [(8ssure applied to two back temporal
regions generated translational force and movertmavards the rear. This was also
observed for the front, left and right directiofry(3f,g).
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Fig 3. Head-type hanger reflex (Rotation along the pitch and roll axes, and
translation towar dsthefront, rear, left, and right directions)

2.2 Waist-type hanger reflex device

We have found the hanger reflex of the waist, inclvtthe waist rotates along the
yaw axis (Fig 4) [8]. As with the hanger reflextbé head, it is probable that appropriate
shear skin deformation will produce rotation alatiger axes, and possibly translation
as well. As body size can vary among individuatg] the device must be relatively
large compared with the head-type hanger reflexcdewe sought to make a device
that was light weight and adjustable.
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Fig 4. Waist-type hanger reflex [11]

Right Rotation

We developed a new U-shaped hanger reflex devide mfstainless steel (SUS304-
CSP) (Fig 5a). The open ends of the device connegted hook and loop fastener
strap, enabling it to fit to any user. The totalgie was 400g. To generate shear defor-
mation of the skin, two contactors made of polykthg foam and rubber, were placed
between the stainless steel frame and the bodyp®dsigions of the contactors were

adjusted for each case.

To induce translational force, the contactors wéiached to the bottom part of the
U-shape, where they pinched the body skin (Fig)58,0 induce a rotational force
along the pitch axis, the frame was attached atoregshoulder, as shown in (Fig 5d).
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Fig 5 Waist-type hanger reflex (Rotation along pitch axisana i;anslation
tothefront, rear, left, and right)



3 User Study

To confirm the reproducibility of this phenomenorg recruited six participants, all
male, aged 21-25 years. They had knowledge ofdhd-type hanger reflex, but were
naive with respect to the newly developed device.asked them to attach the device
in the various positions described above, and portehe direction of the perceived
force. We prepared eight choices (rotation of péxts, rotation of roll axis, and trans-
lation to the front, rear, left, and right direet&) for the head-type device, and six
choices (rotation of pitch axis, and translatiofroft, rear, left and right) for the waist-
type device. Trials with head type device were cated first, followed by the waist
type device. For each type of device, the mourtorglitions were presented in random
order. For example, when presenting the head-tgpgér reflex pitch, roll, and trans-
lations were presented randomly, and the partitpauere asked to answer a single
perceived force direction for each trial.

For the head-type device, three participants repothe directions of perceived
movement as expected. We believe this relativelyrimte of correct answers to be due
to slip between the device and hairs.

For the waist-type device, four participants repdperceiving force in the expected
direction for the translational force to the lefihd five participants reported experienc-
ing perceived force in the expected direction liertranslational force to the front, rear,
and right directions.

Participants did not comment any difficulty in armsing easily for any specific body
parts, but experimental results showed that peiarepf the head-type hanger reflex is
actually difficult if the rotational and translatial conditions are mixed.

4 Conclusion

In this paper, we extended the hanger reflex tatiaddl directions of movement.
Specifically, our data indicate that the hangelesefmight be able to induce transla-
tional and rotational force illusions in eight ditiens for the head and six directions
for the waist.

As this study is preliminary, we plan to furthewéstigate the detailed conditions
leading to the hanger reflex in additional bodytpaidditionally, we hope to improve
the developed devices, and evaluate them in tefmrate of illusion, strength of illu-
sion, and temporal characteristics such as latandyadaptation. We then hope to fur-
ther apply the device to the development of whaldybhaptic interfaces, for use in the
fields of virtual reality, training and rehabilitam.
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