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Abstract
I offer a new metacognitive account of the feeling of agency over bodily actions. On this model the feeling of agency is the metacognitive monitoring of two cues: i) smoothness of action: done via monitoring the output of the comparison between actual and predicted sensory consequences of action and ii) action outcome: done via monitoring the outcome of action and its success relative to a prior intention. Previous research has shown that the comparator model offers a powerful explanation of the feeling of agency. However, within the literature there is a growing sense of unease with the model; a consensus seems to be building that the model is not up to the task of explaining all of the new discoveries made regarding the feeling of agency since its inception. Most problematically there are paradigms which deeply challenge the comparator model by suggesting that a weak feeling of agency can be elicited even when no motor prediction is formed. The new account offered here inherits the explanatory power of the comparator model whilst avoiding this problem.  

1. Introduction

In this paper I offer a new metacognitive explanation of how the feeling of agency is elicited. The approach taken here is an example a contemporary natural philosophy approach to the study of consciousness. This branch of philosophy is a kind of theoretical psychology, and seeks to explain particular conscious phenomena, in this case the feeling of agency, by developing and examining hypotheses which explain as many facts as possible. Here ‘the feeling of agency’ refers to the feeling of being the agent of bodily actions. That is, the feeling of being the self who initiates, controls and ends actions. The specific feeling of agency here is the feeling of agency for occurrent motor actions rather than say, long term goals. This is sometimes referred to as the “sense of agency”, although more recently terminology has shifted as “the sense of agency” is also taken to include judgements, as well as feelings, of agency (Synofzik, Vosgerau & Newen, 2008).  

Previously I (2009, 2012b) have argued that a version of the comparator model offers a powerful explanation of the feeling of agency. However, within the literature there is a growing sense of unease with the model; a consensus seems to be building that the model is not up to the task of explaining all of the new discoveries made regarding the feeling of agency since its inception. Indeed, in my previous (Carruthers, 2012b) attempt to review just what the comparator model can and cannot explain, I found that in order to be successful, case by case adjustments needed to be made to the model – particularly regarding the importance of certain inputs to the comparator. Most problematically there are paradigms, such as Wegner and colleagues ‘helping hands’ study, which deeply challenge the comparator model by suggesting that a weak feeling of agency can be elicited even when no motor prediction is formed. Previously I (2012b) have been open to the possibility that activity induced by words describing actions (or subliminal primes presented visually in other paradigms) are mistaken for predictions and entered into a comparison with actual sensory feedback. The primary reason, though, for leaning toward this option was the untestability of alternative accounts. It now appears possible to offer testable alternatives to the comparator model. However in doing so, the successes of the comparator account cannot be ignored. 

In this spirit I offer a new metacognitive account of the feeling of agency over bodily actions. On this model the feeling of agency is the metacognitive monitoring of two cues: i) smoothness of action: done via monitoring the output of the comparison between actual and predicted sensory consequences of action and ii) action outcome: done via monitoring the outcome of action and its success relative to a prior intention, also called a distal or d-intention (Pacherie, 2008, pp. 182–184). This model maintains the successes of the comparator model whilst avoiding the problems. 

2. The Comparator Model
The model which I advocate here is a modified version of the comparator model, with some additions. The comparator model has been prominently advocated by Frith and colleagues (Blakemore, Wolpert, & Frith, 2002; Frith, Blakemore, & Wolpert, 2000). This model imported insights from computational models of the execution of action into the study of the feeling of agency. Specifically Frith and colleagues proposed that some of the same computations involved in the execution of action also elicit the feeling of agency. The execution of action on this account involves computations over five types of representation. First, there is the goal state, which specifies a target position of the body. Second, the motor commands, which specify the muscle contractions needed to move the body to the target position. There are two copies of the motor commands, one is sent to the periphery and causes contractions of the effector muscles, the other remains central and is used to compute the predicted sensory consequences of the movements being undertaken. As the movements occur there is, of course, a constant supply of sensory feedback which is used to produce a representation of the actual sensory consequences of the action. Finally, the predicted and actual sensory consequences of the action are compared forming a representation of whether or not they match. In the event of a match a feeling of agency is elicited for the action (Frith et al., 2000), see figure 1.
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Figure 1: After figure in Carruthers (2012b), the comparator model. Ellipses represent mental representations, typed by content, solid lines are computational processes, and dashed lines are non-computational (or not exclusively computational) processes. This diagram is an explanation schema, instances of the feeling of agency being elicited will be explained by plugging particular representations into the ellipses.
The comparator model has met with considerable empirical support. In particular it has been used to explain the association between deficits in the feeling of agency and deficits in action monitoring observed in patients suffering delusions of alien control (Daprati et al., 1997; Frith & Done, 1989; Stirling, Hellewell, & Quraishi, 1998) and as the model predicts unexpectedly altering sensory feedback for actions reduces the feeling of agency (Sato & Yasuda, 2005). See Carruthers (2012b) for a review of the support for the comparator model. Despite this, as we will see below, there are empirical findings which pose challenges for the comparator model. There is a growing consensus that the comparator model on its own cannot explain the diversity of findings in this field. In particular it seems some additions to the model are necessary. Several studies suggest that a weak feeling of agency can be elicited even when no representation of predicted sensory consequences is formed, indicating the existence of a second factor also causally responsible for the feeling of agency. I offer a model of this form below, but before getting there we will need some additional tools. I turn to these next.

3. Metacognition

The account I offer below explains the feeling of agency within the framework of metacognitive monitoring. So, just what is metacognition?

‘Metacognition’ has been used as a fairly generic term referring to any kind of ‘thinking about thinking’ from explicit theory of mind to making any report of one’s mental states. But, as Dennett (1991, 1995) has made clear, the formation of such reports is partially constitutive of (at least) the subject's awareness of the feeling and so it seems a little odd to refer to the reports themselves as ‘metacognitions’. In the sense which I am using the term here ‘metacognition’ refers to any cognitive process which represents and controls another cognitive process (see also Carruthers, 2012a; Flavell, 1979; Nelson & Narens, 1990, p. 126).

‘Metacognition’ in this sense does not necessarily refer to theory of mind nor metarepresentation (in the strict sense of representing a representational relation Perner, 2012, pp. 95–6). But, rather the representation of what cognitive processes are occurring (Carruthers, 2012a, p. 293). Standardly metacognition is contrasted to ‘object-level’ cognition which is named as such as it is taken as the represented object of vehicles used in metacognition. Prototypically object-level cognition involves representation of the world (Perner, 2012, p. 99). Metacognition in contrast takes as its represented object a cognitive process or state. This includes, but is not limited to metarepresentation proper, i.e. the representation of mental states qua representations (Perner, 2012, pp. 96–7).

This use allows for what Proust calls the self-evaluative view (‘version’ or ‘type’ may be better) of metacognition (Proust, 2012, p. 234) or ‘procedural metacognition’. This is the type of metacognition of which I hypothesise the feelings of agency is part. Broadly, however, the framework given us by research into metacognition suggests that there are two types of representation involved in the regulation of cognition, these being ‘monitoring representations’ and ‘metacognitive theories’. Proust refers to two distinguishable capacities which make use of these different types of representation. ‘Theoretical metacognition’ is based on “general knowledge about cognitive dispositions” (Proust, 2012, p. 240), that is, theories regarding how cognitive capacities do or ought to work (Carruthers, 2012a, p. 294; Koriat, 2012, p. 214). In contrast ‘procedural metacognition’ is the capacity to conduct evaluations of cognitive performance on the fly (Proust, 2012, p. 240). This makes use of monitoring representations which represent cognitive processes as they occur (Carruthers, 2012a, p. 293). I will not here rehearse all the arguments for this distinction (see Koriat, 2012; and Proust, 2012 for comprehensive reviews), instead let us consider what monitoring representations do. 

The key difference between metacognitive theories and monitoring representations is what they represent. Monitoring representations are about a specific occurrence of a process; in contrast, metacognitive theories are about the subject’s cognition more generally. To distinguish metacognitive theories from monitoring representations consider how they are operationalised. In adult human subjects, both are typically operationalised via people’s reports of their own cognitive performance (Jost, Kruglanski, & Nelson, 1998, p. 139; Nelson, 1996, p. 106). To get at the more stable metacognitive theories, questionnaires that ask subjects to report beliefs about what their abilities are or what they ought to be are appropriate. An example of such a questionnaire is the Metacognitive Questionnaire (MCQ), which contains items such as ‘‘I have little confidence in my memory for names and faces’’ (Cangas, Errasti, Garcia-Montes, Alvarez, & Ruiz, 2006, p. 489). In contrast, to get at conscious monitoring representations, subjects are asked for reports of their performance on a specific task. This can be done by, say, asking the subject to indicate when they are satisfied that they have learned some material, or more indirectly by methods such as post-decision wagering (Seth, 2008) or other measures of confidence. Unconscious monitoring representations cannot be operationalised by direct report. Instead, they are typically measured by the effects they are thought to have on object-level cognition. 

Not every representation involved in metacognition is itself conscious. Reder and Schunn (1996), for example, suggest that when subjects have several possible strategies available to them to solve a problem they will tend to choose the strategy that has previously been successful, even when they are unaware of the different strategies and their associated rates of success. This suggests that the use of the strategies is unconsciously monitored. Additionally in other studies we see that subject’s confidence in their response is related to the speed at which a response is given, regardless of the correctness of their response (Koriat, 2012, p. 215). However, subjects are typically unaware that they use this cue (Koriat, 2012, p. 217). Despite the fact that the cue seems to influence the ultimate metacognitive judgement, what is monitored and the monitoring itself seems to be largely unconscious.

Where does the feeling of agency fit into this picture? In my previous account of feelings of agency over mental actions I posited that the feeling of agency is elicited by a monitoring representation which is also involved in the intentional inhibition of thoughts (Carruthers, 2012a). Such a link was designed to explain why those who experience a deficit in their feelings of agency are also impaired on tasks of deliberate inhibition (Paulik, Badcock, & Maybery, 2007). In the absence of evidence that deficits in feelings of agency over bodily actions are associated with deficits in the intentional inhibition of bodily actions there is no justification to posit an additional monitoring representation before the feeling of agency here. Instead I follow Metcalfe and Greene (2007, p. 186) and treat the feeling of agency itself as a metacognitive feeling. Specifically I posit that it is itself a monitoring representation which functions to monitor action outcomes (based on two cues from motor control – see below). The feeling of agency on this view is a metacognitive feeling on a par with feelings such as the feeling of knowing. By monitoring facts which are not themselves broadly accessible (such as the comparison between predicted and actual sensory consequences) the feeling of agency, which is itself accessible to the broader cognitive system (i.e. the subject can come to be aware of the feeling), makes action outcomes accessible.   

4. Metacognition of Smoothness and Action Outcome Elicits the Feeling of Agency

The feeling of agency is a monitoring representation which functions to make information about the success of action attempts consciously accessible and to allow the subject to distinguish the effects of own actions from effects which have other causes. It is elicited when bodily movement is registered as sufficiently smooth, this is based on the output of the comparison between actual and predicted sensory consequences, and when action outcome is represented as matching one’s prior intention. Deviations from matches at either of these monitors reduce the feeling of agency. Synofzik and colleagues have advocated a similar conclusion suggesting that multiple factors elicit feelings of agency (Synofzik et al., 2008) which are weighted and integrated using Bayesian principles (Synofzik, Vosgerau, & Voss, 2013). The account I offer here makes use of just two cues: i) monitoring of the smoothness of action via metacognitive representation of the output of the comparator and ii) monitoring of action outcome via monitoring of ‘fit’ or similarity between prior intention and action outcome. These two cues are proposed to work in concert to elicit feelings of agency and can thus explain findings problematic for the comparator model, as I discuss below. I will not here provide a detailed comparison between the proposal I offer and that from Synofzik and colleagues, but I will briefly offer three advantages of my approach. First, I am not committed to the classicist computational framework underlying the Bayesian approach. Second, the metacognitive account is simpler in that it posits fewer mechanisms to do the same work. Third, and finally, the metacognitive model is better defined by providing a description of two definite factors rather than an amorphous list of factors and weightings yet to be discovered.

I hypothesise that the feeling of agency is a monitoring representation elicited based on two cues as in figure 2. The first cue is a match at the comparison between actual and predicted sensory consequences. If this is a cue to eliciting the feeling of agency then we can explain why deficits in action prediction are associated with deficits in feelings of agency. In other words we can explain what the comparator model explains. However, as we have seen the comparator model cannot explain every instance in which the feeling of agency is disturbed. To explain these cases a second cue is needed, namely a match between action outcome and prior intentions. Metacognition of outcomes is not simply a matter of considering another comparator used in motor control. The motor control system also compares goal states to actual sensory consequences in order to generate an error signal that can be used to learn better, more effective, ways to act. This comparison, however, is not the same as outcome monitoring which is more closely tied to prior or distal intentions than goal states (or “motor intentions” Pacherie, 2008).
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Figure 2: The feeling of agency elicited via monitoring of the comparison between actual and predicted sensory consequences of motor actions and the outcome of action relative to prior intention. Not shown: metacognitive control. 
Previously I (2012b) have defended the comparator model as a complete account of the feeling of agency. Despite the need for some adjustments to the model, at the time the comparator model was better placed than either of its major rivals which, in the case of Wegner and colleagues’ model, were already falsified by the presence of feelings of agency in organisms unable to make the 'inference to apparent mental state causation' (Carruthers, 2010); or, in the case of Synofzik and colleagues multi-factorial weighting model, apparently unfalsifiable as the weighting of  factors could be arbitrarily defined (Carruthers, 2012b). Further specification of the multi-factorial weighting model has greatly reduced concerns regarding the testability of the model (Synofzik et al., 2013; Vosgerau & Synofzik, 2012), and so the comparator model can no longer be considered the most justified model. In this section I rehearse the most serious problem with the comparator model, namely that there are instances in which the feeling of agency is elicited despite the fact that motor predictions do not match the actual sensory consequences of action. Following this I show how a model on which the feeling of agency is a metacognitive monitoring representation, which monitors the output of the comparator and the outcome of action relative to a goal, predicts the findings which are problematic for the comparator model.

Since the comparator model was put forward as a causal explanation of the feeling of agency several studies have emerged which some interpret as inconsistent with the model. It is not just that these studies were not predicted by the comparator model, but that they seem to falsify the account. Some claims of falsifications rest on false assumptions, such as supposing that self-recognition problems displayed by those suffering delusions of alien control and related symptoms in certain paradigms can only be explained by the comparator model as due to a deficit in the feeling of agency. Whereas, according to the comparator model, due to the specific nature of some tasks, these problems are best understood as sharing a common cause with deficits in the feeling of agency (see especially Carruthers, 2009, p. 517, 2012b, pp. 32–36). There are some studies, however, which at the very least require the addition of some questionable supplements to the comparator model to be explained. 

There is little doubt that a comparison between predicted and actual sensory consequences could, in principle, be used to distinguish self-produced events from other produced events. Given that simply sensing the environment cannot allow a system to make this distinction, some comparison of what happens to what ought to happen given what one is attempting seems like a good basis for making the distinction. After all, only one’s own actions are predictable based on such motor commands (Synofzik et al., 2008, p. 221). Furthermore, as we have independent grounds for holding that such a comparison takes place (see, e.g. Wolpert & Ghahramani, 2000), positing that the comparison is also causally responsible for the feeling of agency seems like a reasonable hypothesis. However, once we start looking at the conditions under which subjects experience a feeling of agency it is not always clear that such a comparison is, in fact, involved.

Synofzik and colleagues (2008) have challenged the comparator model on the grounds that there are circumstances in which the feeling of agency is elicited, but that the predicted sensory consequences based on motor commands do not match the actual sensory feedback. This is how they interpret Wegner and colleagues ‘helping hands’ study (2004). In this study one subject (the participant) stood with their arms by their side, whilst a second subject (the helper) reached under their arms. A screen obscured the helper such that their arms appeared (from the front) to be, roughly, where those of the participant would normally be. Both subjects were given head phones. The helpers heard a series of instructions to perform a set of hand movements (e.g. make the ok sign with both hands). The participants were divided into three groups depending on what they heard. One group (the preview group) heard the instructions to the helper whilst the other groups (the control groups) heard either nothing or an instruction to perform a movement inconsistent with that the helper heard. Those in the preview group reported a greater feeling of agency over the actions of the helper than either of the control groups (Wegner et al., 2004, pp. 841–2). There are a variety of studies which have also found that priming an action outcome increases feelings of agency (e.g. Aarts, Custers, & Wegner, 2005; Wegner & Wheatley, 1999).

This is a problem for the comparator model. The subject isn’t performing an action, so why think they are forming a prediction based on motor commands? One possibility is that subjects may perform slight movements consistent with the heard instruction in the helping hands study. Indeed being told to imagine a certain movement causes muscle contractions consistent with that movement (Wegner et al., 2004, p. 847), perhaps subjects in the helping hands paradigm engage in such acts of imagination? If so these movements and the accompanying comparisons could elicit something of a feeling of agency, leading to the observed increase in ratings for feelings of agency in the preview group. Wegner and colleagues (2004) tested this possibility by examining the effect of performing specific movements on the feeling of agency ratings given. Subjects were told either to mimic the movement described whilst still keeping their arms by their side or to perform a distracting movement, i.e. tapping the side of their legs (Wegner et al., 2004, pp. 833–4). Those who were instructed to mimic the action described gave higher ratings for their feeling of agency over the seen action than those who were given no instruction (Wegner et al., 2004, p. 844). This suggests that performing a movement similar to that which is seen may increase one’s feeling of agency over the seen action. However, there was no difference between the feeling of agency ratings given by those performing distracter actions and those given no instruction (Wegner et al., 2004, p. 845). This suggests that feelings of agency can be elicited even when a prediction inconsistent with a seen action outcome occurs. As such, it doesn’t seem that subjects are performing covert actions on hearing the instruction in the preview condition and so this explanation isn’t open to the comparator account.

There have been other attempts to account for this and similar findings in a manner consistent with the comparator model. Jones and colleagues (2008, p. 578) have suggested that primes could act as kinds of ‘proxy predicted states’. If so then perhaps the prime is somehow mistaken for a prediction based on motor commands and entered into the comparison (Carruthers, 2012b, p. 43). Although not definitively ruled out it is far from clear why such a misrepresentation should occur. It might seem a little odd to ask why a mistake is made, but typically when misrepresentations are systematically inducible (as in the Müller-Lyer illusion, for example) there is some story to tell about why the misrepresentation is elicited by a mechanism which is functional in more naturalistic circumstances. It doesn’t seem likely that it would ever by functional for an auditory prime to be used in the place of a prediction based on motor commands. Without such an account and independent grounds for believing it this adjustment to the comparator model appears ad hoc.

The results of the helping hands study are explainable on the hypothesis that the feeling of agency monitors action outcome for consistency with prior intention in addition to smoothness via the output of the comparator. First it is important to note that whilst those in the preview group rate their feelings of agency higher than those in the other groups, the mean rating was just 3 on a scale of 1-7, where higher ratings indicate a greater feeling of agency (Wegner et al., 2004, p. 841). What we want to explain on this task is why there is something of a feeling of agency in the preview condition, as indicated by the fact that ratings are significantly higher in this condition than others (i.e. it is unlikely that non-zero ratings are a results of suggestibility alone), but that it is a relatively weak feeling. If the feeling of agency in part monitors action smoothness via the comparison between predicted and actual sensory consequences then in this condition if the feeling of agency is elicited at all then it will be weak. The reason for this is that most likely no prediction is formed as the subject does not attempt an action. Even if a prediction is somehow elicited by the prime in this study it will include a prediction of proprioceptive changes that are not forthcoming. 

Why then is there a weak feeling of agency in this condition? On the model presented here this is explained by monitoring of action outcome. Recall that what the subject hears in the preview condition is an instruction such as “wave hello with your right hand” (Wegner et al., 2004, p. 840). Such an instruction will automatically elicit a prior intention to perform the action, which the subject of course inhibits to comply with the other instructions. Nevertheless the intention can still be compared to the outcome of an action which takes place. As these match in the preview condition there is a cue to elicit the feeling of agency. As this is in conflict with the cue from the output of the comparator the feeling remains weak.
Further studies using different paradigms also suggest that the comparison between predicted and actual sensory consequences cannot be what elicits the feeling of agency, or, at least, that it cannot be the only computation which does so. Furthermore, they also suggest that it is monitoring of action outcome which elicits the feeling of agency.

In a series of studies Metcalfe and colleagues have used a simple video game paradigm to elicit feelings of agency. In the game ‘X’s and ‘O’s fall down the screen, the subject’s task being to catch one and avoid the other using a cursor which moves horizontally (Metcalfe & Greene, 2007, p. 186). Variations in the mechanics of the game are used to elicit variations in hit rates, judgements of how successfully one performs and ‘judgements of agency’. Note that despite using the term ‘judgement of agency’, Metcalfe and Greene nevertheless define this as a feeling. For example, in their instructions to participants they refer to “[people’s] feelings about when they are causing things to happen” (Metcalfe & Greene, 2007, p. 186). For the sake of internal consistency in this paper I will refer to these as ‘feelings of agency’. In one manipulation random noise is added to the cursor so that it is not accurately controlled by the mouse (Metcalfe & Greene, 2007, p. 187). Even though this did not make the game much harder to play, in that subjects’ hit rate was still high, it did lead to reduced ratings for feelings of agency (Metcalfe & Greene, 2007, pp. 187, 190). This result is predicted by the comparator model. As the cursor no longer behaves as exactly as predicted we would expect a reduced feeling of agency. What is more surprising to the advocate of the comparator model is the second finding that there is a correlation between hit rate and feelings of agency (Metcalfe & Greene, 2007, p. 188). This opens up the possibility that success itself, or perhaps subject’s knowledge of whether or not they are successful, influences feelings of agency.

To test this, another condition was added. In this condition a target was counted as ‘hit’ if it passed within approximately half a centimetre (0.005m) of the cursor, whereas distracters were only counted as hit if they came into contact with the cursor (Metcalfe & Greene, 2007, p. 189). As such this condition was playfully named ‘magic’. As this should make the game easier to play it was predicted that subject’s hit rate should increase (Metcalfe & Greene, 2007, p. 189). Two alternative predictions were available regarding feelings of agency. If success on the task was itself a factor in eliciting the feeling of agency then feeling of agency ratings should increase from baseline. However, as the nature of the subject’s control over the cursor is changed in the magic condition from what they have learned then if only the comparison between actual and predicted sensory consequences elicited feelings of agency then ratings for the feeling of agency should be reduced, or, if the mechanism for prediction rapidly adjusts to the new contingency stay at baseline (Metcalfe & Greene, 2007, p. 189).

The magic condition increased performance in terms of hit rates by 27% (Metcalfe & Greene, 2007, p. 190). Ratings of feelings of agency also increased, but only by 7% (Metcalfe & Greene, 2007, p. 190), which was significantly less than the improvement in performance. Even in this condition the correlation between performance and feelings of agency was maintained (Metcalfe & Greene, 2007, p. 190). This poses a problem for the comparator model. If the comparator were the only computation which caused feelings of agency to be elicited then this condition should have led to reduced or unchanged feelings of agency, not an increase.

The metacognitive monitoring model can explain why feelings of agency increase, albeit slightly in the magic condition. The subjects’ prior intention in this game, assuming they are trying to ‘win’ or play well, will be to catch as many targets as possible. As success rate has improved in the magic condition this intention is better matched by the observed action outcome. As such there is a cue for a stronger feeling of agency and so the observed result is expected. If right, then the correlation between performance and feelings of agency is also expected. However, we must also explain why the increase in ratings of feelings of agency is not as large as the increase in performance. Again, that there is an opposing cue in terms of the output of the comparator explains why the increase in feelings of agency is tempered. As noted above, the game is no longer acting exactly as subjects have learned and so predictions don’t match what they observe; something of a mismatch at the comparator thus gives a reduced cue for the feeling of agency. The fact that the change is not great and that subjects can relearn what to predict across trials explains why the effect of this mismatch is relatively small.

Pressure is mounting on the comparator model, and more recent versions of this task only strengthen the case against a pure comparator account and for the metacognitive monitoring model. Metcalfe and colleagues (2013) varied feelings of agency by adding another variable to the game: the explosion of targets. In their first experiment using this variable subjects were instructed to touch the target and ignore whether or not it exploded, which it did on either 100% or 75% of hits (Metcalfe et al., 2013, p. 487). As in the previous study subjects played the game in baseline and turbulence, i.e. noisy, conditions. Turbulence reduced both the hit rate and ratings of feelings of agency (Metcalfe et al., 2013, pp. 489–90). Interestingly, despite being told to ignore the explosions subjects rated their feelings of agency as higher when the target exploded on every hit than when it did so 75% of the time (Metcalfe et al., 2013, p. 491). Similarly subjects judged that they performed better when the targets always exploded, even though their actual hit rate was not affected (Metcalfe et al., 2013, pp. 491–2). Regression analysis suggested that the percentage of explosions affected the feeling of agency via judgements of performance – which is consistent with Metcalfe and colleagues previous hypothesis (taken from Metcalfe & Greene, 2007) that subjects’ judgements about their performance directly elicits feelings of agency (but, of course, they note that the statistical analysis doesn’t determine the direction of causation). If this hypothesis is right then the comparator model is at best an incomplete account of feelings of agency as the model leaves no room for judgements of performance to elicit the feeling. Deeper problems for the comparator model arise when we consider Metcalfe and colleagues second experiment using this variable.

Metcalfe and colleagues’ second experiment was the same as the first, except that subjects were instructed to attempt to explode the targets, rather than simply touch them (Metcalfe et al., 2013, p. 492). As before, turbulence affected hit rate and feelings of agency were lower in the turbulence and 75% explosion conditions (Metcalfe et al., 2013, p. 492). Interestingly, adding turbulence to the motion of the cursor affected feelings of agency more than explosion rate as feelings of agency were rated lower in a condition combining turbulence and 100% explosions than a non-turbulence condition with a 75% explosion rate (Metcalfe et al., 2013, p. 493). Comparing the two sets of results, the decrease in ratings of feelings of agency in the 75% explosion condition was larger in experiment 2, i.e. when subjects were instructed to attempt to explode the targets, than in experiment 1, i.e. when they were instructed to touch the targets (Metcalfe et al., 2013, p. 493). Importantly judgements of performance were affected by the same amount in each condition in both experiments, i.e. independent of instruction (Metcalfe et al., 2013, p. 494). As such, in this case it seems that feelings of agency are more directly influenced by explosion rate when subjects are asked to explode the targets (Metcalfe et al., 2013, p. 494).

To see the problem for the comparator model consider again the decrease in ratings of feelings of agency in the 75% explosion condition in experiment 1. Taken on its own the comparator model could account for this; subjects may simply learn that touching targets causes them to explode (by experiencing it, and being told that it happens) and thus begin to predict this event. Feelings of agency should then be lower in the 75% explosion condition as there are some instances where some predicted sensory consequences (the seen explosion) don’t occur. However, if this were true then the reduction in the feeling of agency in the 75% explosion condition in experiment 2 should have been of the same size, when in fact it was significantly greater. The comparator model cannot account for this discrepancy. Furthermore, the finding that the drop in ratings for judgements of performance between the 100% and 75% explosion conditions predicted the drop in feelings of agency in experiment 1 but not experiment 2 is a problem. This result is not predicted by the comparator model, but is predicted by an account on which judgements of performance make an independent contribution to eliciting feelings of agency, say by the comparison of perceived performance to the subject's prior intention to win the game.

The metacognitive monitoring account explains why reducing the rate of explosions has a greater effect when subjects are instructed to attempt to explode the targets. In experiment 1 when the instruction is merely to touch the targets the reduced rate of explosions in the 75% condition causes a mismatch at the comparator as the explosions which the subject has learned to predict sometimes don’t occur. As such, there is reduced cue from the comparator for the feeling of agency. The reduction in this cue also occurs in experiment 2 when the instruction is to explode the target. Additionally, in this case there is now a mismatch between subjects’ intention to explode the target and action outcome in those cases where the target doesn’t explode. As such in this condition both cues for the feeling of agency are reduced. As such on this model we expect a greater reduction than when just one of the cues is affected. This is just what we see in this case. 

In this section I have reviewed three studies which pose a problem for the comparator model. Despite the fact that many claims of empirical problems for the comparator model are overblown, these three studies do pose a problem. Without some ad hoc additions the comparator model cannot explain why priming action outcomes increases ratings of feelings of agency, why feelings of agency increase in Metcalfe and Greene’s “magic” condition, nor why the 75% explosion condition affects feelings of agency more when subjects are instructed to explode targets rather than touch them. All three of these findings suggest that the perceived outcome of an action can affect feelings of agency in a manner which is independent of motor predictions in these conditions. These results, as we have seen, are expected if the consistency between prior intention and action outcome is also a cue for the feeling of agency.

That said, we cannot ignore the successes of the comparator model in explaining the feeling of agency and its deficits in delusions of alien control (see Carruthers, 2012b). In particular if such patients have deficit in their feeling of agency due to a deficit in forming representations of predicted sensory consequences then not only does this explain classic findings in action-monitoring (e.g. Frith & Done, 1989) and self-tickling (e.g. S. . Blakemore, Frith, & Wolpert, 1999), but also why Metcalfe and colleagues turbulence condition does not reduce ratings for feelings of agency in these patients (Metcalfe, Snellenberg, DeRosse, Balsam, & Malhotra, 2012). Yet we must also explain why such patients give non-zero ratings for their feelings of agency in this game. As Metcalfe and colleagues note, such patients still have access to their judgements of performance and visual experience of action outcome and, as with healthy subjects, judgements of performance predicted feeling of agency ratings (Metcalfe et al., 2012, p. 1398). Such a result is expected if consistency between prior intention and action outcome is also a cue for feelings of agency, as this should not be affected by a deficit in forming predictions. Similarly the correlation between judgements of performance and feelings of agency can be explained as they have a common causal factor in the representation of action outcomes. 

5. Conclusion

In this paper I have offered a new metacognitive monitoring account of the feeling of agency. On this account the feeling of agency is a metacognitive monitoring representation which is cued by the comparison between predicted and actual sensory consequences of action, i.e. action smoothness monitoring, and by the comparison between prior intention and action outcome, i.e. action outcome monitoring. This approach can explain findings which are problematic for the comparator model considered in isolation. 
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