
Our data indicate no significant differences in the amount of head 
and chest rotation at rest in a single Hanger Reflex condition for 
each interpretation condition. 

5.7.3 Change in Body Angle during Walking 
Figure 12 show the amount of rotation during walking under each 
condition i.e., the difference in angle between the start (6) to end 

(7) of walking.  A positive value on the vertical axis of the graph 
indicates a rightward rotation and a negative value indicates 
leftward rotation. We performed a one-way analysis of variance 
(ANOVA) and found significant differences between the 
experimental conditions (F(8,261)=51.752(head) and 51.77(chest), 
p<0.001). Multiple tests using the Tukey-Kramer method 
confirmed a significant difference, as shown in Figure 12. 

 
Figure 11: Left: Amount of head rotation at rest. Right: Amount of chest rotation at rest. There is a significant difference (e.g. a:p<0.001, 

a**:p<0.01, a*:p<0.05) between the conditions in which common alphabets are indicated. The median value is shown in the figure. 

 
Figure 12: Left: Amount of head rotation during walking. Right: Amount of chest rotation during walking. There is a significant difference (e.g. 

a:p<0.001, a**:p<0.01, a*:p<0.05) between the conditions in which common alphabets are indicated. The median value is shown in the figure. 

 
Figure 13: Results of subjective evaluation. Left: Answers to the item “Did you perceive any active curvature in your walking trajectory?”. Right: 

Answers to the item “Did you perceive any passive curvature in your walking trajectory?”. There is a significant difference (e.g. a:p<0.001) 
between the conditions  in which common alphabets are indicated. The median value is shown in figure. 



As shown in Figure 12 , we found significant differences  in the 
head and chest among the Hanger Reflex conditions in the N and F 
interpretation condition. However, we found no significant 
differences in the head and chest among the Hanger Reflex 
conditions in the R interpretation condition. Also, we found 
significant differences in the head and chest among the 
interpretation conditions in the R and L Hanger Reflex conditions. 

This indicates that when the interpretation condition was N and L, 
the direction of the head changed and the participant walked in an 
arced trajectory, and when the interpretation condition was R, the 
direction of the head remained stable, and the participant walked 
straight in a straight trajectory. 

Thus, the amount of rotation of the head and chest changed during 
walking due to differences in the interpretation conditions. 

5.7.4 Subjective Evaluation 
Figure 13 shows the results of the subjective evaluation of active 
and passive walking curves under each condition. This walking 
curve occurs from (7) to (8) until stopping. Friedman's tests showed 
a significant difference, as shown in Figure 13. 

As shown in left of Figure 13, we found a significant difference 
between the L and R Hanger Reflex conditions and the N Hanger 
Reflex condition in the F interpretation condition. Moreover, we 
found a significant difference between the L Hanger Reflex 
condition in the F interpretation condition compared with that in 
the N and R interpretation conditions. Similarly, we found a 
significant difference between the R Hanger Reflex condition in the 
F interpretation condition compared with that in the N and R 
interpretation conditions. However, when the interpretation 
condition was R, we found no significant differences among the 
Hanger Reflex conditions. This indicates that subjective active 
perception changes depending on the difference in the 
interpretation of rotational force induced by the Hanger Reflex. 

As shown in right of Figure 13, we found a significant difference 
between the N Hanger Reflex condition and the L and R Hanger 
Reflex conditions, no matter which interpretation condition. This 
indicates that when the Hanger Reflex was presented at the waist, 
it was perceived as a passive influence on walking curvature.  

Focusing on each interpretation condition, the interpretation 
conditions that were not associated with the perception of active 
walking curvature were N and R, which elicited a strong passive 
feeling, while the F interpretation condition was strongly associated 
with the perception of active walking curvature. This indicates that 
walking curvature perceived in any interpretation condition had a 
certain passive feeling, and that it may be difficult to develop a 
walking navigation system that influences the trajectory of walking 
without being noticed. Also, even though the interpretation 
condition R produced a straight walking trajectory, i.e., the 
participant actively walked against the Hanger Reflex, they 
perceived the influence of walking as passive. This means that 
perceived (subjective) walking curves may exist even when the 
actual walking trajectory is straight. 

Our experimental results indicate that the waist-type Hanger 
Reflex can elicit a pseudo-force of rotation direction as navigation 
information. This can lead to a change in walking direction due to 
changes in the orientation of the body during walking. In addition, 
our data indicate that changes in walking trajectory and active and 
passive perception of walking curvature can occur in the following 
interpretation conditions: naturally, follow, and resist. 

6 LIMITATIONS 

6.1 Generalizability of Results 
Each experiment in our study had a low number of participants with  

narrow demographics (Table 1). Therefore, although we found 
significant effects, the extent to which these effects can be 
generalized is not clear. In our experience at the demonstrations, we 
confirmed that the waist-type Hanger Reflex occurs in elderly 
people, and people who are overweight. However, the waist-type 
Hanger Reflex has not been fully explored in other populations, 
such as children.  

6.2 Proposed Method 
Disadvantages of pneumatic actuators include slow responses, 
noise, and battery consumption. Since the Hanger Reflex itself is a 
phenomenon with a relatively slow response, we found it 
appropriate to use a pneumatic actuator. We did not receive any 
reports that the pneumatic actuator seemed “slow” or “big” from 
the participants. Furthermore, in real-world applications, 
predictions via GPS software may be available, which could enable 
a faster response. To solve the issue of noise, it may be possible to 
store the components in a case, similar to commercially available 
blood pressure monitors that have comparable pumps and produce 

Table 1 Participant demographic information. The circles indicate 
participation in each experiment. 

 
minimal noise. Finally, the pump is an actuator with heavy battery 
consumption. However, in real-world conditions, the pump would 
be activated only when the user approaches a corner.   

7 CONCLUSIONS 
In this study, we focused on the Hanger Reflex, which generates 
clear and involuntary rotation movements, as a potential 
component of a walking navigation system that does not require 
interpretation of navigation information. A previous study 
investigated the effect of the head-, waist-, and ankle-type Hanger 
Reflex on walking, and confirmed that the waist-type Hanger 
Reflex had the strongest effect.  

In this paper, we accomplished two objectives. First, we 
developed a device that uses a pneumatic drive to control and 
reproduce the Hanger Reflex on the waist for actual walking 
navigation, and confirmed its effects. Second, we investigated the 
effect of the waist-type Hanger Reflex on walking, as modulated by 
differences in the interpretation of navigation information. Our 
experimental results indicate that the developed device could 
control walking direction, and that the effect of the device is 
modulated by the interpretation conditions. 

We have a number of plans for future research. Adding to the 
improvements discussed in section 6, we plan to operate the device 
in a real-world scenario; i.e. walking to an unknown destination in 
a town. To do so, we will manufacture a compact wireless waist-
type Hanger Reflex control device incorporating a battery. Then we 
will conduct an outdoor experiment, in which the users will not be 
informed of the destination, such that walking and destination are 
controlled by the proposed device. 
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