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Abstract 

When people observe others performing movements similar to their own, they sometimes feel as if their 

movements were subsumed into others’ movements or others’ movements led their own movements. This 

feeling is considered to be related to sense of agency and agency attribution. It is well known that sense of 

agency is one feeling that arises while performing movements. Most of previous studies evaluated effects of 

time lag to sense of agency on a single movement like pushing a button. The effects of the lagged visual 

feedback to sense of agency on a continuous movement, however, were still unclear. In addition, although 

many studies have been conducted to investigate agency attribution, these studies have mainly examined 

agency attribution in cases where people do not know the true agent. Few studies have focused on how people 

attribute agency to others despite knowing that they themselves are actual agents. The aim of our study was to 

investigate sense of agency on participants’ continuous movements and agency attribution to others performing 

continuous movements similar to one’s own when one knows who the actual agent is.  

First, an experiment to investigate sense of agency on participants’ continuous movements was conducted 

to study an influence of visual feedback delay to the sense of agency. In the experiment, the participants moved 

the mouse in the direction of right and left continuously. At the same time, the participants observed the 

movement of the cursor, which had some time lags to the movements of the mouse, on the monitor screen. A 

set of trials consisted of 7-steps time lag for the cursor movements. The participants were asked to make a two 

alternative forced choice from the following two answers to evaluate their sense of agency: I felt I was 

manipulating the cursor, or I did not feel I was manipulating the cursor. Our findings demonstrated that the 

participants lost their sense of agency as the time lag increased the same way on a single movement. 

Second, another experiment was conducted to study agency attribution under the following three conditions. 

During the task in all three conditions, the participants simultaneously observed the movements of the cursor 

on the monitor screen and the experimenter’s mouse. In the “self" condition, the participants moved the mouse 

right and left continuously. The cursor controlled by the participants’ mouse moved along a horizontal center 

line on the monitor screen following a time lag associated with the mouse. The experimenter held another 

mouse but did not move it. In the “other" condition, the participants held the mouse but did not move it. The 

cursor moved automatically based on data previously recorded during the practice period for participants to 
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learn how to maniuplate the mouse. The experimenter moved his mouse left and right continuously, just as the 

participants did in the “self" condition. In the “both" condition, the participants performed the same movements 

as in the “self" condition, while the experimenter performed the same movements as in the “other" condition. 

We imposed time lags at 187-ms intervals (94, 281, 468, 655, 842, 1029, and 1216 [ms]) between the 

movements of the participants’ mouse and the cursor. We fixed a time lag of 377 ms between the movements 

of the participants’ mouse and the experimenter’s mouse in the “both" condition. In the “other" condition, we 

also fixed a time lag of 377 ms between the prerecorded movements of the participants’ mouse and the 

movements of the experimenter’s mouse. To evaluate participants’ agency attribution for each trial, we asked 

them to make a forced choice from the four answers “Myself," “Experimenter," “Both of us" and “Nobody" to 

the question “Who did you feel was controlling the cursor?"  

Our findings demonstrated that participants could attribute agency to others despite knowing that they 

themselves were actual agents. We refer to this illusory sense as “illusory agency attribution to others.” In 

addition, we found that illusory agency attribution to others could co-occur with agency attribution to oneself. 

Futhermore, we found that agency attribution while acting by oneself and observing the movements of others 

is not a simple combination of agency attribution while working alone and while merely observing the 

movements of others. We suggest that illusory agency attribution to others is determined by multiple factors 

including a bottom-up process with a subjective feeling of agency in addition to a top-down process with an 

interpretative judgement of agency. 
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7

Fig. 1-2-1 Experimental tasks in previous studies of Sense of Agency 1.  (a) In each trial, a 

small square piece appeared at the bottom of the monitor screen and moved straight upward at a 

uniform speed. When the participants pressed the key, the piece on the monitor screen jumped 35 

mm upward, with varied temporal delays. The participants were instructed to report whether they 

felt they had made the piece jump as intended. (cf. Maeda, T., et al., 2011 [9]) (b) Participants 

pushed a button and observed a reflected monitor image of their hand movements which had some 

time lag to the actual movements. (cf. Shimada, S., et al., 2010 [10])
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Fig. 1-2-2 Experimental tasks in previous studies of Sense of Agency 2.  (a) Participants 

placed their hand on the table shielded from view by a black cloth. The camera was angled to 

capture the view as seen from a ‘‘natural’’ egocentric perspective for the participant as if looking 

down at their own hand. Participants used foot pedals to make responses (cf. Hoover, AEN., et 

al., 2012 [11]) (b) Participants walked on a treadmill while their movements were captured by 

way of an optical motion capture system. These movements were mapped onto an individually 

adapted life-size avatar and played back on a rear-projection screen. Participants judged by 

pressing a button whether the movement they saw on the screen exactly corresponded to the 

movement they had just performed. (cf. Kannape, OA, et al., 2013 [12])
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Fig. 1-2-3 Experimental tasks in previous studies of Sense of Agency 3.  (a) Participants 

were required to trace the target line (sine wave: sinusoidal movement) as accurately as possible. 

There was no visible trajectory left. (cf. Asai, T., et al., 2015 [13]) (b) Participants viewed a 

video image of their hand on a computer monitor presented either in real time, or with a systematic 

delay. Participants were asked to rate their agreement or disagreement with ten statements about 

sense of agency during the various conditions. (cf. Longo, MR., et al., 2009 [14])
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Fig. 1-2-4 Experimental tasks in previous studies of Agency Attribution.  (a) In the 

congruent tone condition, pressing the right and left buttons evoked a specific corresponding tone, 

as in the learning session. By contrast, in the incongruent tone condition, a tone that differed from 

the tone evoked in the learning session followed the button press. Moreover, the onset of the tone 

was manipulated and varied. (cf. Kühn, S., et al., 2011 [25]) (b) Participants manipulated a 

joystick freely and observed the movements of a virtual joystick displayed on a monitor screen. 

Angular biases (spatial condition) or temporal delays (temporal condition) were imposed on the 

participants’ manipulation of the virtual joystick. (cf. Farrer, C., et al., 2008 [26])
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Fig. 1-2-5  Multifactorial weighting model to explain the sense of agency.  Feeling of 

agency with a bottom-up process produced by perceptual representation with sensory feedback 

or proprioception. Judgement of agency with a top-down process produced by propositional 

representation with contextual cues and thoughts. (cf. Synofzik, M., et al., 2008 [33]) 
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Fig. 2-2-1  Experimental system. a) Side view. A platform for the mouse was set under the desk 

on the participants’ side. The participants’ hand and the mouse were thus hidden from the 

participants’ line of sight. During the task, the participants observed the movement of the cursor 

on the monitor screen. b) Top view. The experimenter and a participant sat face to face across a 

desk (60 cm apart) on which the LCD monitor was placed.  
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Fig. 2-2-2  Platform for participants to move their mouse. The guide rail and the right and left 

stoppers on the platform were set to guide the participants to move the mouse parallel to the length 

of the monitor screen. 
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Table 2-2-1  Visual feedback speficication. 

  

Distance between eyes and the center of the monitor 50 cm 

Cursor moving range 40 cm 

Cursor shape Cross shape 

Cursor size 7 mm  7 mm, width 2 mm 

Cursor color Black 

Background color White 
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Fig. 2-2-3  Experimental conditions. The participants moved the mouse to the right and left 

continuously with their dominant hand. The cursor controlled by the participants’ mouse moved 

on the horizontal center line on the monitor screen with preset time lags associated with the 

participants’ mouse.  
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Fig. 2-2-4  Example of PSE calculated from plots of ratios of answering (B).  
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Fig. 2-3-1  Plots of the averaged ratios of answering (B) to each time lag, calculated from the 

data of sixteen participants, and the fitted Logistic function. Averaged PSE was estimated at 462 

ms. 
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Table 2-3-1  Estimated PSE of each participant. 

 

Participant PSE[ms] 

A 262 

B 363 

C 453 

D 534 

E 451 

F 412 

G 450 

H 482 

I 463 

J 420 

K 382 

L 475 

M 462 

N 459 

O N/A 

P N/A 
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36

Fig. 2-4-1 Estimated PSEs of previous studies. (a) See the PSE value on the Solid line. (cf. 

Shimada, S., et al., 2010 [10]) (b) See the PSE value on the Red line. (cf. Maeda, T., et al., 2013 

[9]) (c) See the PSE value on the line for Self. (cf. Farrer, C., et al., 2008 [26])



  

 

 

37 

 

 

2

 

 

 

  



  

38



   

 

 

39 

 

   

 

 

 

 

 

 

 

 

 

 



   

 

 

40 

 

 

  



   

 

 

41 

 

 

 

  



   

 

 

42 

 

 

USB GM299, TeckNet, UK

125 Hz 8 ms

USB MA-BL9R, Sanwa, JP

Fig. 3-3-1 LCD

Diamondcrysta RDT233WLM, Mitsubishi, JP 1024 x 768

60 Hz

45 BPM MA-1, KORG, 

JP Visual Basec 2013

PC Surface Pro 2, Microsoft, USA  

Fig. 3-3-1 Fig. 3-3-2

Table 2-2-1

7 mm x 7 mm

Fig. 3-3-3

30 cm  

Fig. 3-3-1

Fig. 3-3-2

 

  



   

 

 

43 

 

 

 

 

 

Fig. 3-3-1  Visual stimuli: movements of Cursor on monitor screen and experimenter’s mouse. 
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Fig. 3-3-2  Cursor displayed on the LCD monitor, and Experimenter’s mouse which was 

manipulated on the stage. Guide image for experimenter to follow was hidden from participants’ 

view by the screen. 
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Fig. 3-3-3  Platform for participants to move their mouse. The guide rail and the right and left 

stoppers on the platform were set to guide the participants to move the mouse parallel to the length 

of the monitor screen. 

  



   

 

 

46 

 

 

Fig. 3-

4-1 Self Other Both

Self

Other

Self

Both Self Other

187 ms 94, 281, 468, 655, 842, 1029, and 1216 [ms]

Both

377 ms Other

377 ms  

Self Both

5 Other

Both Fig. 3-3-2

Fig. 3-5-1  

187 ms

94, 281, 468, 655, 842, 1029, and 1216 [ms]

187 ms -284, -96, 91, 278, 

465, 652, and 840 [ms]



   

 

 

47 

 

7  

200 ms

[37][38]

94, 281, 468, 655, 842 [ms] 91, 278, 465, 652, and 

840 [ms]

187 ms

187 ms 2

377 ms

Both

Other

177 ms

377 

ms

 

 

  

4  

  



   

 

 

48 

 

 

 

Both

Both Self

Both

Other

 

  



   

 

 

49 

 

 

 

 

 

Fig. 3-4-1  Experimental conditions. a) In the Self condition, the participants moved the mouse 

to the right and left continuously with their dominant hand. The cursor controlled by the 

participants’ mouse moved on the horizontal center line on the monitor screen with preset time 

lags associated with the participants’ mouse. The experimenter held another mouse but did not 

move it. b) In the Other condition, the participants held the mouse but did not move it. However, 

the cursor moved automatically based on data on participants’ mouse movements recorded during 

the practice period. The experimenter moved the mouse to the left and right continuously with his 

dominant hand just as the participants did in the Self condition. c) In the Both condition, the 

participants performed the same movements as in the Self condition. The experimenter performed 

the same movements as in the Other condition. Thus, the Both condition combined the 

participants’ movements from the Self condition and the experimenter’s movements in the Other 

condition. 
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Fig. 3-5-
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53 

 

 

Fig. 3-5-1  Experimental system. a) Side view. A platform for the mouse was set under the desk 

on the participants’ side. The participants’ hand and the mouse were thus hidden from the 

participants’ line of sight. During the task, the participants observed the movement of the cursor 

on the monitor screen and the movement of the experimenter’s mouse simultaneously. b) Top 

view. On the experimenter’s side, a stage to move the mouse was set along the length of monitor 

screen. On the screen on the experimenter’s side, a small guide image, hidden from participants’ 

sight by a low screen, was displayed for the experimenter to follow. 



   

 

 

54 

 

 

 

 

 

 

Fig. 3-5-2  Head-rest and Chin-rest to fix participant’s head. 
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Fig. 3-5-3  (a) Prompt and four answer options were displayed on the monitor screen after each 

trial. The answers were recorded by pressing a key. The four answers were displayed at the corner 

of the rectangle, and (b) the participants pressed the direction key corresponding to the positions 

of the answers on the monitor screen. The positions of the answers and keys were changed after 

every predetermined number of trials. 
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Fig. 3-5-4  Order of the procedures for each trial for each time lag. (1) The word “Start” was 

displayed on the monitor screen to instruct the participants to start moving their mouse. (2) The 

participants moved their mouse to control the cursor in the Both and Self conditions, and the 

cursor moved automatically in the Other condition. The experimenter moved his mouse using 

similar movements in the Both and Other conditions. (3) The participants stopped moving their 

mouse when a beep sounded after the mouse had been moved five times to the right and left in 

the Both and Self conditions, and the cursor stopped automatically after moving five times to the 

right and left in the Other condition. (4) The question and answers were displayed on the screen. 

(5) The participants selected the answer that best matched their feeling from the four options 

provided by pressing the key.  
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Fig. 4-2-1  Percentage graphs of participants’ answers. a) Self condition. b) Other condition. c) 

Both condition. The horizontal axis for the Self condition shows the time lags between 

participants’ mouse and the cursor, and the horizontal axis for the Other condition shows the time 

lags between the experimenter’s mouse and the cursor. The horizontal axis for the Both condition 

shows both of the time lag sets. 
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Fig. 4-3-1  Evaluation of agency attribution to oneself. a) Ratio-A: Average ratios of participants 

who did not feel that they were controlling the cursor for each time lag in the Both and Self 

conditions, including the answers “Experimenter” and Nobody”. b) The average PSEs in the 

Both and Self conditions. Error bars represent standard errors. 
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Fig. 4-4-1  Evaluation of agency attribution to others. a) Ratio-B: Average ratios of participants 

who did not feel the experimenter was controlling the cursor for each time lag in the Both and 

Other conditions, including the answers “Myself” and Nobody”. b) The average PSEs in the 

Both and Other conditions. Error bars represent standard errors. 
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Table 5-2-1  Visual feedback specification. 
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