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Illusion of sense of self-agency: discrepancy between the predicted and actual sensory consequences of actions modulates the sense of self-agency, but not the sense of self-ownership Atsushi Sato*, Asako Yasuda Department of Psychosomatic Medicine, The University of Tokyo Hospital, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan Received 3 November 2003; accepted 5 April 2004



Abstract It is proposed that knowledge of motor commands is used to distinguish self-generated sensation from externally generated sensation. In this paper, we show that the sense of self-agency, that is the sense that I am the one who is generating an action, largely depends on the degree of discrepancy resulting from comparison between the predicted and actual sensory feedback. In Experiment 1, the sense of self-agency was reduced when the presentation of the tone was unpredictable in terms of timing and its frequency, although in fact the tone was self-produced. In Experiment 2, the opposite case was found to occur. That is, participants experienced illusionary sense of self-agency when the externally generated sensations happened to match the prediction made by forward model. In Experiment 3, the sense of self-agency was reduced when there was a discrepancy between the predicted and actual sensory consequences, regardless of presence or absence of a discrepancy between the intended and actual consequences of actions. In all the experiments, a discrepancy between the predicted and actual feedback had no effects on sense of self-ownership, that is the sense that I am the one who is undergoing an experience. These results may suggest that both senses of self are mutually independent. q 2004 Published by Elsevier B.V. Keywords: Forward model; Motor awareness; Sense of agency; Sense of ownership; Self-recognition
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1. Introduction When we act, we normally feel ourselves causing our own actions. It appears too selfevident to require further investigation. If I say “I think it is a beautiful day today”, I could be wrong about the weather. But it seems that I could not be wrong about the “I”. I could not misidentify myself when I state that it is I who am thinking (Wittgenstein, 1958). Such use of the first-person pronoun is thought to be immune to error through misidentification (Shoemaker, 1984). However, certain schizophrenic experiences including auditory hallucination, thought insertion and delusions of control could be counterexamples to the immunity principle. Auditory hallucinations typically consist of hearing spoken voices, which were misattributed to external force by patients although in fact they themselves spoke. The essence of delusions of control is that patient experiences his or her will as replaced by that of some other agency or force. In other terms the patient feels that he or she is not at the origin of his or her own acts. A schizophrenic patient who suffers from thought insertion might claim that he or she is not the one who is thinking a particular thought, when in fact he or she is the one who is thinking the thought. These symptoms are in common characterized by an inability to distinguish self- and externally produced actions. Based on a established model of motor learning and control (Wolpert, 1997), Frith proposed that abnormalities in forward model might underlie these symptoms (Frith, 1992; Frith, Blakemore, & Wolpert, 2000). To optimize motor control and learning, the central nervous system has been thought to require containing internal models, which represent aspects of one’s own body and its interaction with the external world. There are two types of internal model: inverse model and forward model (Wolpert, Ghahramani, & Jordan, 1995). The inverse model provides the motor commands necessary to achieve a certain goal based on the desired state. By contrast, the forward model makes predictions about the behavior of the motor system and its sensory consequences. Predictions can be used in several ways. First, prediction of the actual outcome of motor command can be compared with the desired outcome. This comparison enables rapid error correction before sensory feedback is available (Greenwald, 1970). Second, when a movement is made, an efference copy of the motor command is used to make a prediction of the sensory consequences of the movement. This sensory prediction can then be compared with the actual sensory feedback from the movement. This prediction can be used to anticipate and cancel the sensory effects of movement, as in the case during eye movements (Helmholtz, 1867). More importantly, this prediction can be also used to attenuate the sensory effect of selfgenerated movement and thereby enables differentiating self-produced sensation from externally generated sensations. Self-produced sensations can be correctly predicted from motor commands. As a result, there will be little or no sensory discrepancy resulting from the comparison between the predicted and actual sensory feedback. This accurate prediction can be used to attenuate the sensory effects of self-produced movement. In contrast, externally generated sensations are not associated with any efference copy and cannot be predicted by the forward model. As a result this comparison will produce a higher level of sensory discrepancy. As the discrepancy between the predicted and actual sensations increases, so does the likelihood that the sensation is externally produced.
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According to Frith, using such a mechanism, it is possible to distinguish self-generated actions from actions produced by other agents. Consistent with Frith’s hypothesis, Weiskrantz, Elliott and Darlington (1971) reported that participants rated the self-administered tactile stimulus as less tickly than the same tactile stimulus generated externally. Blakemore, Wolpert and Frith (1998) using functional magnetic resonance imaging showed a reduction in activity of the secondary somatosensory cortex and the anterior cingulate gyrus when the tactile stimulus was self-produced relative to when it was externally produced. However, schizophrenic patients with auditory hallucinations or delusions of control did not show a decrease in their perceptual ratings for tactile stimuli produced by themselves as compared with those produced by the experimenter (Blakemore, Smith, Steel, Johnstone, & Frith, 2000). The same goes for other modalities. Curio, Neuloh, Numminen, Jousmaki and Hari (2000) using magnetoencephalography showed that responsiveness of the auditory cortex to vowel sounds was reduced when participants spoke them compared with when they were listening to the sound played back. Again, it was reported that schizophrenic patients did not exhibit normal reduction of the response in the auditory cortex to self-generated vowel sounds compared to the same sounds played back (Ford et al., 2001). Recently, Gallagher (2000) has proposed that self-consciousness can be divided into two important aspects: the “minimal self” and the “narrative self”. The former is defined as a consciousness of oneself as an immediate subject of experience, unextended in time. The latter involves personality identity and continuity across time. The “minimal self” includes the sense of self-agency, that is the sense that “I am the one who is causing or generating an action”, and the sense of self-ownership, or the sense that “I am the one who is undergoing an experience”. The purpose of the present studies was to directly investigate whether the prediction of the sensory consequence of actions made by forward model would modulate the sense of self-agency. If the sense of self-agency depends on a comparison between the predicted and actual sensory consequences, participants should misattribute self-produced tones to an external force when the actual feedback is discrepant with the prediction (Experiment 1). On the contrary, participants should experience the illusionary sense of self-agency when there is little or no discrepancy between the predicted and actual sensory feedback, even if in fact an experimenter produces them (Experiment 2). Moreover, the sense of self-agency should rely on a comparison between the prediction made by forward model and the actual sensory consequence, rather than on a comparison between the intended and actual sensory feedback (Experiment 3).



2. Experiment 1 Previous studies demonstrated that both tickliness rating and action recognition, i.e. judgment of whether the movement that participants saw was their own, were affected by angular deviation and temporal delay between action and its consequences (Blakemore, Frith, & Wolpert, 1999; Franck et al., 2001). In Experiment 1, we directly investigated whether the degree of congruency between the predicted and actual sensory feedback
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modulated the sense of self-agency. The degree of congruency was manipulated in terms of stimulus types and temporal delay. Moreover, we also examined whether the sense of self-ownership varied with the degree of congruency between the predicted and actual sensory feedback. 2.1. Method 2.1.1. Participants Sixteen healthy right-handed volunteers participated in this study. Participants were eight males and eight females raging in age from 21 to 35 years, with a mean age of 23.8 years (SD ¼ 2.61 years). None had a history of neurological or psychiatric disease. All participants gave written informed consent, but were naı¨ve as to the purpose of the experiment. 2.1.2. Design The design in Experiment 1 had two within-participants factors: types of stimulus (congruent or incongruent tone with prediction), and temporal delay (0, 200, 400, or 600 ms delay from the timing predicted). 2.1.3. Procedure Upon entering the laboratory, participants were led to a cubicle and seated in front of a computer screen with a pair of headphone. Prior to the experiment, participants performed 300 learning trials to learn the relationship between action and its consequence. Participants were told to press the left button with the left index finger and the right button with the right index finger in turn. After each button press, a certain tone was immediately presented for 200 ms through in-ear headphones: a 600 or a 1000 Hz tone. The assignment of tones to buttons was consistent for each participant and counterbalanced across participants. Participants were explicitly told that each button pressing would evoke a certain tone. Tones were identical in duration and sound pressure throughout the experiment. In Experiment 1, participants made self-paced button press and heard one of which tones had followed button presses in the learning session. Under congruent tone condition, each button press evoked the same tone that had followed each button press in the learning session. By contrast, under incongruent tone condition, the different tone from prediction followed each button press. Under delay conditions, the congruency was manipulated in terms of stimulus timing. Participants received 8 trials per condition. After each trial, participants were asked to answer two items from “totally disagree” (score ¼ 0) to “totally agree” (score ¼ 100). The sense of self-agency was assessed by the first item that “I was the one who produced the tone”, and the sense of self-ownership was assessed by the second item that “I was the one who was listening to the tone”. Prior to the rating, participants were told that there were two cases: in one case they might hear tones as a result of their button press, but in another case the experimenter might produce the tones. Under a control condition, participants passively listened to two tones. The trials were presented in random order. The mean rating score of 8 trials in the same condition was used as dependant variables.
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To control the increase in Type I error, the degree of freedom was adjusted using the Greenhouse and Geisser (1959) coefficient when appropriate. Post-hoc tests of simple effects were performed using the Bon Ferroni correction with a significance level of P , .05. 2.2. Results and discussion The rating scores on the sense of self-agency were analyzed using a repeated measures analysis of variance (ANOVA) with two factors (Tone congruency £ Delay). This analysis revealed a main effect of tone congruency, Fð1; 15Þ ¼ 9:50; p , 0:01; and a main effect of delay, Fð2:39; 35:77Þ ¼ 20:97; p , 0:0001: But there wasn’t an interaction between tone congruency and delay, Fð2:32; 34:84Þ ¼ 0:64; n.s.. The main effect of tone congruency was caused by higher scores when actual and predicted tones were congruent (M ¼ 71:88; SEM ¼ 3.55) than incongruent (M ¼ 56:25; SEM ¼ 5.96). On the delay effect the sense of self-agency was significantly reduced as the delay from the timing predicted increased (Ms (SEMs) ¼ 87.50(2.96), 66.88(4.76), 55.31(5.92), vs. 46.56(6.99), respectively). Under the control condition, the sense of self-agency was rated as 0 by all participants, which suggests that acting makes an important contribution to the sense of self-agency. Without movement, there was no prediction made by forward model on the basis of motor command, which caused a lack of attenuation of sensations. Thus, it was very easy for participants to judge the tones as externally produced. In Experiment 1, although the tones were actually produced as a consequence of their actions in all conditions except the control condition, the sense of self-agency was reduced in the condition in which self-produced tones were unpredictable in terms of timing and frequency. In contrast, on the sense of self-ownership, all participants scored 100 in all the conditions. Taken together, these results suggest that the predictability of the sensory consequences of actions modulates the sense of self-agency, but does not always affect the sense of self-ownership. Results are summarized in Fig. 1.



Fig. 1. Mean (^SEM) rating scores of self-agency in each condition, Experiment 1.
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3. Experiment 2 In Experiment 1, we showed that as the discrepancy between the predicted and actual sensory feedback increased, participants were more likely to misattribute self-generated tones to an external source. The purpose of Experiment 2 was to investigate whether participants experienced the sense of self-agency when externally generated sensations happened to match the prediction made by forward model. If such a phenomena of illusion of sense of self-agency occurs, we can suggest that the sense of self-agency strongly depends on congruency between the predicted and actual feedback. 3.1. Method 3.1.1. Participants Ten healthy right-handed volunteers participated in this study. Participants were five males and five females ranging from 22 to 29 years, with a mean age of 22.7 (SD ¼ 2.18 years). None had a history of neurological or psychiatric disease. All participants gave written informed consent for participation in the experiment. 3.1.2. Design The design in Experiment 2 had three within-participants factors: actual agency (self or other), types of stimulus (congruent or incongruent tone with prediction), and temporal delay (0, 200, 400, or 600 ms delay from the timing predicted). 3.1.3. Procedure In Experiment 2, we attempted to make a situation in which the timing of presentation of externally generated tone happened to match the prediction based on motor command. For that purpose, we used a choice reaction time task (see below). Upon entering the laboratory, participants were led to a cubicle and seated in front of a computer screen with a pair of headphone. Prior to the experiment, participants performed 300 learning trials to learn relationship among stimulus, action and its consequence. Each trial began with a fixation point presented for 500 ms, which was then replaced by the target stimulus. Participants were told to press the left button with the left index finger whenever a red square appeared on the screen and the right button with the right index finger whenever a blue square appeared on the screen as quickly and accurately as possible. The target stimuli remained on the screen until participants responded. After each button press, a certain tone was immediately presented for 200 ms through in-ear headphones: a 600 or a 1000 Hz tone. The assignment of stimulus and tones to buttons was consistent for each participant and counterbalanced across participants. Participants were explicitly told that each button pressing would evoke a certain tone. Tones were identical in duration and sound pressure throughout the experiment. The learning session consisted of 150 red square trials and 150 blue square trials. The trials were presented in random order. In Experiment 2, participants were instructed to press the left button with the index finger of the left hand after the red square appeared and the right button with the index finger of the right hand after the blue square appeared as quickly and accurately as possible in the same way as the learning session. After each response, participants heard one of
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which tones had followed button presses in the learning session. Under the other agency conditions, the tones were presented a certain ms after the presentation of target stimuli. Based on a mean reaction time in the learning session, the inter-stimulus interval between the onset of target stimulus and the onset of tone was individually adjusted to correspond to prediction. By using this procedure, the timing of tone presentation occasionally corresponded to the prediction made by forward model, although each tone was presented irrespective of participant’s response. After each response a reaction time was checked. And then, only trials in which a reaction time was ranging from 0 to þ 15 ms of the mean reaction time in the learning session were accepted for analysis. The other conditions were the same as in Experiment 1. Trials continued until sample numbers reached 8 trials per a condition. Additionally, participants received 8 control trials, in which they passively listened to two tones. Immediately after each trial, participants were asked to answer the same items as used in Experiment 1. The trials were presented in random order. The mean rating score of 8 trials in the same condition was used as dependant variables. Data were analyzed in the same method as Experiment 1. 3.2. Results and discussion The rating scores on the sense of self-agency were analyzed using a repeated measures analysis of variance (ANOVA) with three factors (Actual agency £ Tone congruency £ Delay). This analysis revealed a main effect of tone congruency, Fð1; 9Þ ¼ 7:65; p , 0:05; and a main effect of delay, Fð1:44; 12:96Þ ¼ 18:33; p , 0:0001: But there was no significant main effect of actual agency, Fð3; 45Þ ¼ 0:13; n.s.. None of the other terms in this analysis reached significance. The main effect of tone congruency was caused by higher scores when actual and predicted tones were congruent (M ¼ 55:06; SEM ¼ 6.06) than incongruent (M ¼ 40:25; SEM ¼ 6.59). On the delay effect the sense of self-agency was significantly reduced as the delay from the timing predicted increased (Ms (SEMs) ¼ 81.25(5.09), 47.63(6.56), 37.50(8.53), vs. 24.25(9.33), respectively). Under the control condition, the sense of self-agency was rated as 0 by all participants. On the sense of self-ownership of experience, all participants scored 100 in all the conditions. Results are summarized in Fig. 2. Consistent with Experiment 1, participants misattributed self-generated tones to an external source when actual sensory feedbacks did not match predictions. In contrast, participants misjudged externally generated tones as their own generated when there happened to be little or no sensory discrepancy resulting from the comparison between the predicted and actual feedback. Taken together, these results suggest that the sense of selfagency largely depends on discrepancy between the predicted and actual feedback.



4. Experiment 3 In Experiments 1 and 2, participants executed intended actions, and there was no discrepancy between intended and actual responses. Therefore, it remained unresolved whether the sense of self-agency was built on the comparison between the sensory prediction made by forward model and actual sensory feedback or on the comparison
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Fig. 2. Mean (^SEM) rating scores of self-agency in each condition, Experiment 2.



between intended and actual consequence. In Experiment 3, we examined which of them contributed to the sense of self-agency by separating intended response from actual response. Participants performed a letter version of the Eriksen flanker task (Eriksen & Eriksen, 1974), which is a choice reaction time task in which the target letter is flanked by distractor letters. These flankers can be associated with either the same response (i.e. congruent) as the target or the opposite response (i.e. incongruent). It is well known that when participants are instructed to respond quickly to such incongruent stimulus arrays, they tend to make many errors (Coles, Gratton, Bashore, Eriksen, & Donchin, 1985). Whereas such errors are unintended responses, actual responses are congruent with intentions in correct responses. If the sense of self-agency is reduced whenever participants commit errors, it turns out to be that the recognition of oneself as the agent of an action depends on the comparison between intended and actual sensory consequence. However, if there is no significant decline in the sense of self-agency, it is suggested that they are built on the comparison between the sensory prediction made by an internal forward model of the motor system and the actual sensory feedback. 4.1. Method 4.1.1. Participants Sixteen healthy right-handed volunteers participated in this study. Participants were seven males and nine females ranging from 21 to 35 years, with a mean age of 23.8 (SD ¼ 3.05 years). None had a history of neurological or psychiatric disease. All participants gave written informed consent for participation in the experiment. 4.1.2. Design The design in Experiment 3 had three within-participants factors: congruency between intended and actual responses (correct response or error response), types of stimulus (congruent or incongruent tone with prediction), and temporal delay (0, or 400 ms delay from the timing predicted).
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4.1.3. Procedure and materials Upon entering the laboratory, participants were led to a cubicle and seated in front of a computer screen with a pair of headphone. Prior to the experiment, participants performed 300 learning trials. On each trial, 500 ms after fixation onset, the target stimulus (i.e. “H” or “N”) was presented for 100 ms on the center of the screen. Participants were told to press the left button with the left index finger as quickly and accurately as possible whenever a “H” appeared on the center of the screen and the right button with the right index finger whenever a “N” appeared on the screen. After each button press, a certain tone was immediately presented for 200 ms through in-ear headphones: a 600 or a 1000 Hz tone. The assignment of stimulus and tones to buttons was consistent for each participant and counterbalanced across participants. Participants were explicitly told that each button pressing would evoke a certain tone. Tones were identical in duration and sound pressure throughout the experiment. The learning session contained 150 trials with each of the two possible stimuli. The trials were presented in random order. In Experiment 3, each trial started with the onset centrally presented fixation sign. Five hundred milliseconds after fixation onset, a five-letter array (i.e. HHHHH, NNNNN, HHNHH, or NNHNN) was presented for 100 ms. Participants were instructed to respond to one of the two target letter (central H or N) with one finger and to the other letter with the other finger as quickly as possible and not to correct their responses even if they made errors. The assignment of responding finger to target letter was the same as the learning session and counterbalanced across participants. Immediately after each trial, participants were asked whether the preceding response was correct or error. There are at least two types of actual errors: unintended response and unnoticed error. In unnoticed error, participants might intend to give that response which was actually false but they believed to be correct. Analysis was conducted only on unintended responses that participants correctly judged as errors. Trials continued until each participant committed at least 4 unintended responses and made at least 4 correct responses, which were correctly judged as correct, per a condition except the response factor. Additionally, participants received 4 control trials in which they passively listened to two tones. After each trial, participants were asked to answer the same items as used in Experiment 1. The trials were presented in random order. The mean rating score of 4 trials in the same condition was used as dependant variables. Data were analyzed in the same manner as Experiment 1. 4.2. Results and discussion The rating scores on the sense of self-agency were analyzed using a repeated measures analysis of variance (ANOVA) with three factors (Congruency between intended and actual responses £ Tone congruency £ Delay). This analysis revealed a main effect of tone congruency, Fð1; 15Þ ¼ 69:36; p , 0:0001; and a main effect of delay, Fð1; 15Þ ¼ 35:80; p , 0:0001: But there was no significant main effect of congruency between intended and actual responses, Fð1; 15Þ ¼ 2:36; n.s.. The main effect of tone congruency was caused by higher scores when actual and predicted tones were congruent (M ¼ 66:73; SEM ¼ 5.84) than incongruent (M ¼ 18:65; SEM ¼ 3.67). The main effect of delay was caused by higher scores under the 0 ms delay condition (M ¼ 59:02; SEM ¼ 4.65) than under the 400 ms delay condition (M ¼ 26:37; SEM ¼ 4.91). ANOVA also revealed
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the following significant interactions: Congruency between intended and actual responses £ Tone congruency (Fð1; 15Þ ¼ 10:19; p , 0:01), and Congruency between intended and actual responses £ Delay (Fð1; 15Þ ¼ 5:96; p , 0:05). None of the other interactions reached significance. Post-hoc analysis revealed that under the tone congruent condition the sense of self-agency was significantly higher when intended and actual responses were congruent (M ¼ 73:42; SEM ¼ 4.33) than incongruent (M ¼ 60:05; SEM ¼ 8.16), whereas under the tone incongruent condition there was no significant effect of congruency between intended and actual responses (congruent condition: M ¼ 17:81; SEM ¼ 3.72; incongruent condition: M ¼ 19:50; SEM ¼ 4.00). Post-hoc analysis also revealed that under the 0 ms delay condition the sense of self-agency was significantly higher when intended and actual responses were congruent (M ¼ 65:28; SEM ¼ 3.11) than incongruent (M ¼ 52:76; SEM ¼ 6.88), whereas under the 400 ms delay condition there was no significant effect of congruency between intended and actual responses (congruent condition: M ¼ 25:95; SEM ¼ 4.97; incongruent condition: M ¼ 26:79; SEM ¼ 5.66). Under the control condition, the sense of self-agency was rated as 0 by the all the participants. On the sense of self-ownership, all the participants scored 100 in all the conditions. Results are summarized in Fig. 3. In Experiment 3, the sense of self-agency was reduced when there was a discrepancy between the predicted and actual sensory consequence irrespective of correct or error response. Without a discrepancy between the predicted and actual sensory consequence, the sense of self-agency was reduced when there was a discrepancy between the intended and actual sensory consequence. However, even under the error condition, participants experienced more or less the sense of self-agency if the actual sensory consequence was congruent with the prediction based on motor command, although most of them spontaneously admitted that they could not control their own responses and its consequences. These results suggest that the sense of self-agency depends on a comparison between intention and actual consequences of movements but does not totally depend on it. Rather, it seems that the sense of self-agency might mainly depend on a comparison between the predicted and actual consequences of actions. Consistent with this suggestion, schizophrenia patients with delusions of control had no difficulty



Fig. 3. Mean (^SEM) rating scores of self-agency in each condition, Experiment 3.
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correcting error on the basis of sensory feedback about limb positions, although they failed to make rapid error corrections based on a comparison between intended and predicted limb positions (Frith & Done, 1989). This result suggests that schizophrenic patients with such a symptom have no problem with motor control based on a comparison of intended movement and sensory feedback. Nonetheless, they remain convinced that they are under the control of aliens forces. Thus, this result supports the notion that the sense of selfagency does not totally rely on a comparison of the intended and actual sensory feedback. In fact, in most cases the very same actions that the patient feels controlled by aliens forces are not discrepant with his or her intentions.



5. General discussion The ability to recognize oneself as the agent of a behavior is one way by which self builds as an entity independent from the external world. Without the ability to attribute a behavior to its proper agent, social communication could not be properly established. In the present paper, we investigated whether the degree of discrepancy between the predicted and actual feedback affected such a basic aspect of self-consciousness. In Experiment 1, participants made self-paced button press and heard one of which tones had followed button presses in the learning session. The sense of self-agency, that was the sense that “it is I who am producing the tone”, was reduced when the presentation of the tone was unpredictable in terms of timing and its frequency, although in fact the tone was produced by participant. In Experiment 2, the opposite case was found to occur. That is, participants experienced the sense of self-agency when the externally generated sensations happened to match the prediction made by forward model. In Experiment 3, the sense of self-agency was reduced when there was a discrepancy between the predicted and actual sensory consequences, regardless of presence or absence of a discrepancy between the intended and actual consequences of actions. In all the experiments, when there was no movement as in the control condition, all participants correctly judged the tones as externally produced. In a seminal paper, Daprati et al. (1997) compared groups of normal controls and of schizophrenic patients with or without hallucinations or delusions of control, when required to make judgements about the origin of action. In their study, participants saw on a television screen a hand that is either their own or the experimenter’s performing movements that were either congruent or incongruent with the participant’s own hand movement. The task for the participants was to determine whether the moving hand seen on the screen was theirs or not. Using this paradigm, Daprati et al. (1997) showed that when normal participants and schizophrenic patients saw the experimenter’s hand performing a different movement they correctly denied seeing their own hand regardless of presence or absence of symptoms. By contrast, when they saw the experimenter’s hand performing the same movement, even normal participants misjudged the hand as theirs in about 30% cases. The error rate amounted to 80% in the patients with delusions of control or 77% in the patients with hallucinations, whereas in the patients without hallucinations, it was around 50%. In this condition, participants had to use as cues slight differences in timing and kinematic pattern between the predicted and actual feedback in order to give
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the correct response. Provided schizophrenic patients with hallucinations or delusions of control have deficit in making a prediction of the sensory consequences of motor command, they will be unable to detect a discrepancy between their predicted movements and actually presented feedback, leading to increase of error rate. Recently, Daprati and Sirigu (2002) using the similar paradigm developed by Daprati et al. (1997) showed that the ability to correctly attribute a movement to its proper agent was reduced when participants were asked to recognize the non-preferred hand. These results indicate that the sense of self-agency is affected by asymmetries similar to those present in motor skills, thus suggesting that the system responsible for the sense of self-agency is profoundly nested within the mechanisms controlling motor production. The results of the present study also add evidence to the common-coding theory. In the common-coding theory, it is assumed that actions are coded in terms of perceivable effects that they should generate (Hommel, Mu¨sseler, Aschersleben, & Prinz, 2001; Knoblich & Flach, 2003). According to this theory, it follows that one can distinguish between self- and other-generated actions based on the differential activation of the common codes. In many cases, people have different way of performing actions, for example, walking, throwing, drawing and so on. Because the observed events is more similar to the common codes when one perceives one’s own past actions, these codes should be more activated when observing one’s own past actions and their consequences than when observing others’. Knoblich and Prinz (2001) demonstrated that participants could recognize the kinematics of one’s own handwriting based on velocity information, in which there were inter-individual differences. By contrast, if the other person performs the observed actions in a similar way as one would perform, one might misattribute externally generated effects to one’s own generated, as shown in Experiment 2. Taken together, these results further support the notion that the action system makes a great contribution to self-recognition. An important question for future research concerns the neural basis of the sense of selfagency. Sirigu, Daprati, Pradat-Diehl, Franck and Jeannerod (1999) using the paradigm developed by Daprati et al. (1997) showed that patients with left parietal lesions, who failed to simulate hand actions mentally (Sirigu et al., 1996), were more impaired in correctly identifying the viewed hand as experimenter’s hand than controls, only when they saw the experimenter’s hand performing the same movement as their owns. The left inferior parietal cortex is activated when participants simulate actions from their own perspectives, and when participants imitate someone else’s action, whereas the right homologous region is more activated when participants mentally simulate actions from someone else’s perspectives, and when they observe their own actions being imitated by another person (Decety, Chaminade, Grezes, & Meltzoff, 2002; Ruby & Decety, 2001). Furthermore, overactivity of the right inferior parietal cortex was observed in schizophrenic patients with delusions of control when they experienced their acts as being under alien control (Spence et al., 1997). These results suggest that the inferior parietal lobe is profoundly involved in producing a sense of self-agency. There is accumulating evidence that the cerebellum is also involved in the distinction between selfproduced and externally produced actions. For example, Blakemore, Wolpert and Frith (1999) demonstrated that activity in the thalamus, the primary somatosensory cortex, and the secondary somatosensory cortex showed a significant regression on activity in
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the cerebellum when tactile stimuli were self-produced but not when they were externally produced. Forward model was proposed to be stored in the cerebellar cortex (Imamizu et al., 2000). Consistent with this proposal, activity in the lateral cerebellar cortex increased as the degree of the discrepancy between the predicted and actual sensory feedback increased (Blakemore, Frith, & Wolpert, 2001). Future research is required to directly investigate the joint contribution of the inferior parietal cortex and the cerebellum to the production of the sense of self-agency. In the present studies a discrepancy between the predicted and actual feedback had no effects on the sense of self-ownership. At first glance, these results seem to be incongruent with the results using action recognition task. For instance, van den Bos and Jeannerod (2002) demonstrated that participants had difficulty in judging whether the hand that participants saw was theirs or not when they were not acting. This result suggests that participants may judge the owners of body based on the prediction of forward model, if they are acting. Without action, participants could not use the prediction of forward model as cues to judge the owner of body, which make action recognition more difficult. However, experience includes both active and passive ones. In passive experience, there is no prediction made by forward model. Even in such a case, normal participants clearly experienced the sense of ownership although they never experienced the sense of self-agency. Consistent with these results, patients showing anarchic hand sign never deny that their hands belong to themselves, although they feel their hands not under their control (Banks et al., 1989). It seems quite plausible that patients can experience the sense of self-ownership of body based on proprioception that unambiguously pertains to them. These evidences suggest that although in the normal experience of willed action the self-agency and the sense of self-ownership coincide and appear indistinguishable, both may be partly independent and have different processes by which each of them is constructed. On the sense of self-ownership of the body, Botvinick and Cohen (1998) positioned a life-sized rubber hand in front of participant, while their real hand was hidden by a screen from the participant’s view. Then, tactile stimulation was applied simultaneously to the real hand and the rubber hand at which participant was required to be looking. After several minutes, participants experienced an illusion in which they felt the touch at the locus of the rubber hand, not of their real hand. In addition, participants even experienced the rubber hand as belonging to themselves. These results suggest that in passive experience the intermodal matching between vision, touch and proprioception contributes to the sense of self-ownership, although vision plays a predominant role over other senses in self-recognition. Future research must be conducted to prove the validity of such a suggestion.



Acknowledgements We gratefully acknowledge the thoughtful comments of Dr Masuo Koyasu and Dr Hideki Ohira on an earlier version of this paper. We declare that we have no competing financial interests.



ARTICLE IN PRESS



14



A. Sato, A. Yasuda / Cognition xx (2004) xxx–xxx



References Banks, G., Short, P., Martinez, J., Latchaw, R., Ratcliff, G., & Boller, F. (1989). The alien hand syndrome: Clinical and postmortem findings. Archives of Neurology, 46, 456–459. Blakemore, S. J., Frith, C. D., & Wolpert, D. M. (1999). Spatio-temporal prediction modulates the perception of self-produced stimuli. Journal of Cognitive Neuroscience, 11, 551– 559. Blakemore, S. J., Frith, C. D., & Wolpert, D. M. (2001). The cerebellum is involved in predicting the sensory consequences of action. NeuroReport, 12, 1879– 1884. Blakemore, S. J., Smith, J., Steel, R., Johnstone, C. E., & Frith, C. D. (2000). The perception of self-produced sensory stimuli in patients with auditory hallucinations and passivity experiences: Evidence for a breakdown in self-monitoring. Psychological Medicine, 30, 1131–1139. Blakemore, S. J., Wolpert, D. M., & Frith, C. D. (1998). Central cancellation of self-produced tickle sensation. Nature Neuroscience, 1, 635–640. Blakemore, S. J., Wolpert, D. M., & Frith, C. D. (1999). The cerebellum contributes to somatosensory cortical activity during self-produced tactile stimulation. NeuroImage, 10, 448–459. Botvinick, M., & Cohen, J. (1998). Rubber hands feel touch that eyes see. Nature, 391, 756. Coles, M. G., Gratton, G., Bashore, T. R., Eriksen, C. W., & Donchin, E. (1985). A psychophysiological investigation of the continuous flow model of human information processing. Journal of Experimental Psychology: Human Perception and Performance, 11, 529–553. Curio, G., Neuloh, G., Numminen, J., Jousmaki, V., & Hari, R. (2000). Speaking modifies voice-evoked activity in the human auditory cortex. Human Brain Mapping, 9, 183–191. Daprati, E., Franck, N., Georgieff, N., Proust, J., Pacherie, E., Dalery, J., & Jeannerod, M. (1997). Looking for the agent: An investigation into consciousness of action and self-consciousness in schizophrenic patients. Cognition, 65, 71–86. Daprati, E., & Sirigu, A. (2002). Laterality effects on motor awareness. Neuropsychologia, 40, 1379–1386. Decety, J., Chaminade, T., Grezes, J., & Meltzoff, A. N. (2002). A PET exploration of the neural mechanisms involved in reciprocal imitation. NeuroImage, 15, 265–272. Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise letters upon the identification of a target letter in a nonsearch task. Perception and Psychophysics, 16, 143 –149. Ford, J. M., Mathalon, D. H., Heinks, T., Kalba, S., Faustman, W. O., & Roth, W. T. (2001). Neurophysiological evidence of corollary discharge dysfunction in schizophrenia. American Journal of Psychiatry, 158, 2069–2071. Franck, N., Farrer, C., Georgieff, N., Marie-Cardine, M., Dalery, J., d’Amato, T., & Jeannerod, M. (2001). Defective recognition of one’s own actions in patients with schizophrenia. American Journal of Psychiatry, 158, 454 –459. Frith, C. D. (1992). The cognitive neuropsychology of schizophrenia. London: Lawrence Erlbaum. Frith, C. D., Blakemore, S. J., & Wolpert, D. M. (2000). Abnormalities in the awareness and control of action. Philosophical Transactions of the Royal Society of London: Biological Sciences, 355, 1771–1788. Frith, C. D., & Done, D. J. (1989). Experiences of alien control in schizophrenia reflect a disorder in the central monitoring of action. Psychological Medicine, 19, 359– 363. Gallagher, S. (2000). Philosophical conceptions of the self: Implications for cognitive science. Trends in Cognitive Science, 4, 14–21. Greenhouse, S. W., & Geisser, S. (1959). On methods in the analysis of profile data. Psychometrika, 24, 95–112. Greenwald, A. G. (1970). Sensory feedback mechanisms in performance control: With special reference to the ideo-motor mechanism. Psychological Review, 77, 73–99. Helmholtz, h. (1867). Handbuch der Physiologischen Optik (1st ed). Hamburg: Voss. Hommel, B., Mu¨sseler, J., Aschersleben, G., & Prinz, W. (2001). The Theory of Event Coding (TEC): A framework for perception and action planning. Behavioral and Brain Sciences, 24, 849–878. Imamizu, H., Miyauchi, S., Tamada, T., Sasaki, Y., Takino, R., Pu¨tz, B., Yoshioka, T., & Kawato, M. (2000). Human cerebellar activity reflecting an acquired internal model of a new tool. Nature, 403, 192–195. Knoblich, G., & Flach, R. (2003). Action identity: Evidence from self-recognition, prediction, and coordination. Consciousness and Cognition, 12, 620 –632.



ARTICLE IN PRESS



A. Sato, A. Yasuda / Cognition xx (2004) xxx–xxx



15



Knoblich, G., & Prinz, W. (2001). Recognition of self-generated actions from kinematic displays of drawing. Journal of Experimental Psychology: Human Perception and Performance, 27, 456–465. Ruby, P., & Decety, J. (2001). Effect of subjective perspective taking during simulation of action: A PET investigation of agency. Nature Neuroscience, 4, 546–550. Shoemaker, S. (1984). Identity, cause, and mind. Cambridge: Oxford University Press. Sirigu, A., Daprati, E., Pradat-Diehl, P., Franck, N., & Jeannerod, M. (1999). Perception of self-generated movement following left parietal lesion. Brain, 122, 1867–1874. Sirigu, A., Duhamel, J. R., Cohen, L., Pillon, B., Dubois, B., & Agid, Y. (1996). The mental representation of hand movements after parietal cortex damage. Science, 273, 1564–1568. Spence, S. A., Brooks, D. J., Hirsch, S. R., Liddle, P. F., Meehan, J., & Grasby, P. M. (1997). A PET study of voluntary movement in schizophrenic patients experiencing passivity phenomena (delusions of alien control). Brain, 120, 1997–2011. van den Bos, E., & Jeannerod, M. (2002). Sense of body and sense of action both contribute to self-recognition. Cognition, 85, 177–187. Weiskrantz, L., Elliott, J., & Darlington, C. (1971). Preliminary observations of tickling oneself. Nature, 230, 598–599. Wittgenstein, L (1958). The blue and brown books. Oxford: Blackwell. Wolpert, D. M. (1997). Computational approaches to motor control. Trends in Cognitive Science, 1, 209 –216. Wolpert, D. M., Ghahramani, Z., & Jordan, M. I. (1995). An internal model for sensorimotor integration. Science, 269, 1880–1882.



























des documents recommandant







[image: alt]





Kouider (2004) Partial awareness creates the 'illusion' of ... - CiteSeerX 

as ''di____'' with any word that comes to mind, except the prime (e.g.,. ''diner''). Debner and Jacoby have shown that exclusions are possible when primes are ...










 


[image: alt]





The Sense of Control and the Sense of Agency 

I argue that the sense of agency can be analyzed as a compound of more .... aspects of motor control, corresponding to the level of M-intentions, there is no good ..... professional pianist, but not for a novice piano player. ... Subjects tended to i










 


[image: alt]





Perceptual illusion of rotation of three-dimensional 

(1960); A. D. Grinnell and D. R. Griffin, Biol. Bull. 114, 10 (1958); N. Suga, ..... spectral colors form theouter limits, com- plementary colors are opposite, and non-.










 


[image: alt]





a sense of urgency 












 


[image: alt]





SENSE OF BELONGING Door 4 

13/11/2017 Audio â€œA mixed heritageâ€�. EOI. CO. Correction â€œBeing French is aboutâ€¦â€� Listening comprehension + worksheet. Finish questions (Door 4, MP3, track ...










 


[image: alt]





Perceptual Misrecognition: A Kind of Illusion? 

Apr 2, 2012 - the class of perceptual illusions extends beyond the well-known opti- cal illusions. We take ... and trees, functional artifacts such as cars, and in general solid, three- ... false presuppositions in a way compatible with there being n










 


[image: alt]





The Line Motion Illusion: The Detection of 

temporal filters were k1. 0.014 and k2. 0.017, which give a maximal response to sine wave stimuli moving at 10 Hz. seven x2 s. 2 s. 5. 2 e x2. 2s. 2. (1) sodd x3.










 


[image: alt]





The Line Motion Illusion: The Detection of 

retinal location. Evidence that motion can be specified by patterns of ...... The functional architecture of human visual motion perception. Vision Research, 35 ...










 


[image: alt]





The Sense of Control and the Sense of Agency - Journal Psyche 

target location, (3) to draw with their free hand the movement they had just made (post- ...... Alien control: From phenomenology to cognitive neurobiology,.










 


[image: alt]





The Challenges of Making Sense of the post-1945 world 

1 janv. 2018 - ... primaires et entretiens sur la période 1940-1968. • Cas d'études: Etats-Unis, Russie, Royaume Uni, France,. Chine, Israel, Suède, Egypte ...










 


[image: alt]





statutes of canada 2004 lois du canada (2004) - Laws.justice.gc.ca 

Election of Vice-Chairperson. 35. ... Appointment of President ... Proposed regulations to be laid before Parliament .... the first 56 days of its development follow-.










 


[image: alt]





Commission assessment of the 2004 update of the Stability ... - Hussonet 

Dec 1, 2004 - Based on the stability programme data, recent labour market reforms do not lead to higher ..... benefit calculation and better incentives to search for jobs. ..... It should be recalled that, being a mechanical, partial equilibrium ...










 


[image: alt]





New Research on Paleolithic of Iran: Preliminary Report of 2004 

Opportunity of investing there, in collaboration with the Iranian .... elements such as use of close raw materials, Levallois flaking almost exclusive, strong ...










 


[image: alt]





The directional tuning of the barber-pole illusion 

we measured directional tuning curves for the barber-pole illusion by varying two ..... button, to be recorded by the computer program and written to a data file for ...










 


[image: alt]





Avery (1969) Basis of the horizontal-vertical illusion 

than the horizontal. Results. Mean PSEs, variances, and percentage of illusions for the upright and recumbent groups are shown in Table 2. The data show that ...










 


[image: alt]





women work and the art of savoir faire business sense 

New Critical View Librarydoc99, Wishing For Snow A Memoir Librarydoc99, Women And Education. Issues And Approaches Librarydoc99, Women And The ...










 


[image: alt]





English Keraza, issue of 30-01-2004 

Jan 30, 2004 - Issues 3, 4. The Silver Jubilee of St. Mark Church London. The Pope's trip to England this time was short (less than three days). Their. Grace.










 


[image: alt]





Michels (2004) Contrast dependency of saccadic 

Schlag-Rey, & Schlag, 1997; Dassonville et al., 1995;. Honda, 1989, 1991 ...... J. Altman (Eds.), Vision and movementâ€“â€“mechanisms in the cerebral cortex (pp.










 


[image: alt]





Grush (2004) The emulation theory of 

progress book, The Machinery of Mindedness. .... Because the emulator is given the same input as the plant (its input is a copy of the signal sent to the plant) it produces a similar .... signal S(t) in order to determine what the real, noise-free, s










 


[image: alt]





Shadlen (2004) The neurophysiology of decision 

1 Howard Hughes Medical Institute, Department of Physiology. & Biophysics and ...... the visual cortex for evidence needed to answer a question about motion.










 


[image: alt]





2004 University of New England Golf Results 

September 13â€¦â€¦.University of Southern Maine Invitational (Sable Oaks GC; Par 70). Team Scores: Laval 307; Southern Maine â€œBlueâ€� 308; Maine-Farmington ...










 


[image: alt]





Modification of the filehne illusion by conditioning ... - Mark Wexler 

During smooth pursuit eye movements made across a stationary background an illusory motion of the background is ..... The curve plotting the estimate of the.










 


[image: alt]





Hayashi (2003) Unconscious adaptation. A new illusion of ... - CiteSeerX 

b Department of Mathematical Engineering and Information Physics, ..... detect distributed false disparities from A-RDS (Fig. 8b) when input images are ...










 


[image: alt]





Haarmeier (1996) Modification of the filehne illusion by ... - Mark Wexler 

visual stimuli presented in the beginning. The present ... by a freshly plotted new dot on the opposite side. ..... Six subjects, represented by different symbols.










 














×
Report Sato (2004) Illusion of sense of self-agency





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



