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We examined the influence of goals on sense of control relative to that experienced when
taking action randomly. In the experimental task, participants controlled the direction of a
moving dot by pressing the left and right keys at will without a specific goal (the control
condition), directed the moving dot to a destination as often as possible (the strong goal
condition), or kept the moving dot in the central area of the screen (the weak goal condi-
tion) for as long as possible. The results showed that the strong goal impaired the sense of
control, but the weak goal did not exert an influence. We concluded that the goal-based
expectation influenced sense of control, but the goal-directed action selection did not.
Furthermore, we proposed a modified comparator model of the sense of control, offering
a promising approach to integration of the predictive and postdictive processes involved
in the sense of control.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

In daily life, people send commands to objects, such as computers, cars, or ovens, to cause these machines work as
intended. During such operation, a subjective feeling, “I am controlling it,” emerges. This feeling is known as a sense of control
(also called a sense of agency in the literature). Sense of control is important in explaining changes in the outside world and
making and following decisions. However, the occurrence of events could match one’s prediction or expectation coinciden-
tally and induce an illusionary sense of control.

According to the comparator model, a subjective feeling of control is produced via comparison of predicted and sensed
information (Blakemore, Frith, & Wolpert, 1999; Blakemore, Wolpert, & Frith, 1998, 2002; Frith, Blakemore, & Wolpert,
2000; Wolpert & Flanagan, 2001; Wolpert & Ghahramani, 2000). Specifically, a predicted state is generated via an efferent
copy of a motor command and compared with the sensed state. The feeling of control emerges due to the match between the
predicted and sensed states (Blakemore et al., 2002).

However, later research has suggested that predictive processes based on motor signals might not be necessary for the
generation of a sense of control, which would also be influenced by contextual information and prior knowledge
(Synofzik, Vosgerau, & Newen, 2008; Wegner & Wheatley, 1999). Wegner suggested that the sense of conscious will, includ-
ing the sense of agency, could be an illusion based on postdictive inference (Wegner, 2002). In particular, when a thought
occurs prior to an action (i.e., the priority principle), is consistent with that action (i.e., the consistency principle), and alter-
native causes do not exist (i.e., the exclusivity principle), people experience authorship of the action (Wegner, 2003). For
example, Wegner and colleagues reported that participants felt an illusionary feeling of control over another’s hand when
they heard instructions for the other person’s movements in advance (Wegner, Sparrow, & Winerman, 2004). In their exper-
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iment, paired participants (i.e., helpers) stood behind participants with their arms stretched forward and performed a series
of movements. The participants standing at the front could see themselves and the helpers’ arms in a mirror. Although the
participants did not perform any movements themselves, when they heard the instruction describing the helpers’ movement
in advance, they reported feeling a sense of agency over the actions performed by the helpers. This phenomenon matched the
priority and consistency principle of Wegner’s theory but did not contain motor signals. Therefore, it is often cited in studies
suggesting that the comparator model does not account for the sense of control adequately. In recent research, most
researchers in this field have agreed that both predictive and postdictive processes contribute to sense of control. For exam-
ple, Synofzik and colleagues proposed a two-step account of agency, in which predictive processes are presented at a per-
ceptual level, and postdictive processes are presented at a propositional level (Synofzik et al., 2008). Furthermore, Moore
and Fletcher (2012) proposed a framework for cue integration, in which the authors suggested that multiple cues, both inter-
nal and external, contribute to the sense of agency, and the extent of this contribution depends on their reliability (Moore &
Fletcher, 2012).

In the present study, we focused on the influence of goals on the sense of control. In many daily situations, people take
action to achieve specific goals as opposed to acting randomly. It is important to determine whether goals influence the
sense of control in order to understand human behavior and verify the mechanism of the sense of agency. If the sense of
control is relevant to a goal, when we actually use a machine to complete a job, we could find that the sense of control differs
from that experienced in situations in which we used the machine without a specific goal.

We hypothesized that goals would influence sense of control. Our hypothesis had two foundations involving goal-
directed intention and goal-based expectation. Pacherie categorized intention into three types: distal (D-intention), which
refers to the intention to achieve a distal goal; proximal (P-intention), which refers to the will to initiate action; and motor
(M-intention), which involves the motor representations underlying one’s actions (Pacherie, 2008). When there is a goal pre-
sent, people select optimal actions and timing to achieve the goal; therefore, distal and proximal intention are activated,
form an expectation according to distal intention, and influence motor intention. In contrast, when there is no specific goal,
the active levels of distal and proximal intention are at low levels, and only motor intention is dominantly involved in the
development of the sense of control. In summary, if there is a goal present, both action selection and outcome expectation
differ from those of conditions without a goal. The processes underlying action selection have been reported to affect the
sense of control (Wenke, Fleming, & Haggard, 2010); therefore, goal-directed motor intention could influence the sense of
control. Furthermore, conscious expectation of a goal state has been reported to enhance experienced authorship (Aarts,
Custers, & Wegner, 2005); therefore, goal-based intention could also affect the sense of control. Moreover, when there is
a specific goal present, people are likely to expect to achieve the goal and compare actual sensory feedback with their expec-
tations. If the feedback does not match their expectations, the sense of control could be impaired (Van der Weiden, Ruys, &
Aarts, 2013). Furthermore, a recent study reported that the comparison of motor commands and their effects would be
uncertain when the effects were delayed, and in consequence, the comparison of goal and outcome would be more dominant
relative to the action-effect comparison in such a condition (Wen, Yamashita, & Asama, 2015).

In the present study, we examined the influence of goals on sense of control. In order to determine whether goal-directed
action selection or goal-based expectation influence sense of control, the sense of control in two different goal conditions
were compared with that of a condition without a goal (i.e., the control condition). Specifically, in the strong goal condition,
a goal accompanied by performance feedback was provided for participants. In the weak goal condition, a similar goal was
provided but no obvious state reflecting achievement of the goal was defined. If goal-directed action selection is important,
sense of control in both the two goal conditions would differ from the one in the condition without a goal. If goal-based
expectation alone is important, sense of control in the strong goal condition would differ from that of other conditions.

2. Method
2.1. Participants

A total of 20 students with normal or corrected-to-normal visual acuity participated in the experiment and received mon-
etary compensation in return for their participation. Their mean age was 25.9 years (SD = 3.9, range 22-32). The experiment
was conducted according to the principles of the Helsinki Declaration and approved by the ethics committee of the Faculty of
Engineering at the University of Tokyo. All participants provided written consent prior to participation.

2.2. Stimuli and task

In each trial of the experimental tasks (Fig. 1), a 5-mm black dot appeared in a random position on a 597 mm x 336 mm
(width x height) gray background, following the presentation of a 500-ms blank screen, and moved randomly at a speed of
124 mmy/s. The direction of the dot did not change until it reached the borders of the screen or participants pressed the left or
right key during the trial. When it reached the screen borders, the dot bounced back. Participants were instructed to press
the left or right key on the keyboard to change the direction of the moving dot. The direction of the dot turned 20° clockwise
with a right key press and 20° counterclockwise with a left key press and reflected a certain probability. The participants
were told to press the left or right key repeatedly (the direction of the moving dot would not change if participants held
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Fig. 1. The flow of each condition of the experimental task. Arrows with broken lines indicate the direction in which the dot moved. Participants were
instructed to direct the moving dot into the square as quickly as possible by pressing the left and right keys to turn the moving dot when they saw the
square appear in the center of the screen (the strong goal condition), keep the moving dot in the central area (the weak goal condition), or press the left and
right keys randomly at will (the control condition). Ten seconds after the appearance of the dot, participants used a mouse to rate the extent to which they
felt that the dot had responded to their commands by providing a percentage between 0% and 100% (in increments of 10%).

the key down). There were four preset probabilities (20%, 50%, 80%, and 100%) that the moving dot would respond to the left
or right key. This probability was consistent within each trial and varied randomly between trials. The moving dot disap-
peared from the screen after 10 s, and participants rated the extent to which they felt that the dot had responded to their
commands by clicking one of 11 radio buttons (to reflect 0-100% in 10% increments) using a mouse.

In the strong goal condition, a 16-mm empty square with a black border appeared at the center of the screen containing
the moving dot. Participants were instructed to direct the dot into the square as quickly as possible. The square did not influ-
ence the motion of the dot (i.e., the moving dot would move through the square subsequent to arrival). The participants were
instructed to direct the dot into the square again if the dot went though, as often as possible. In the weak goal condition, a
cross appeared at the center of the screen. Participants were instructed to keep the moving dot in the central area (around
the cross) for as long as possible. In the control condition, the moving dot was on the screen alone, and participants were
instructed to press the left or right key randomly at will to confirm whether their commands were effective. In all three goal
conditions, participants were instructed to form a judgment of control according to whether their commands were effective,
without considering their performance.

2.3. Procedure

Participants were tested individually in a quiet room, seated on a chair positioned approximately 50 cm from a 27-in. LCD
monitor with a resolution of 1920 x 1080 pixels (0.311 mm/pixels). Having received an explanation regarding the require-
ments of the experimental task, participants practiced for 10 random trials. Following the practice sessions, each participant
complete 120 trials, comprising 10 trials involving each probability (20%, 50%, 80%, and 100%) in each goal condition (strong
goal, weak goal, and control condition), in random order. The 120 trials were divided into 3 blocks, each containing 40 trials.
Participants took 5-min breaks between blocks. The experiment lasted for 50 min on average.

3. Results

The average ratings of control for each condition are shown in Fig. 2. We conducted a 4 (effectiveness of control of 20%,
50%, 80%, or 100%) x 3 (strong goal, weak goal, or control) repeated-measures ANOVA to compare rating scores. Unsurpris-
ingly, the main effect of the effectiveness of control was significant (F(3,57) = 444.74, p < .01, j; = 0.96). The more effective
the commands, the stronger sense of control the participants felt (according to Bonferroni multiple comparisons, differences
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Fig. 2. Mean ratings for sense of control. Error bars represent standard errors. The rating scores decreased significantly in the strong goal condition but did
not decrease in the weak goal condition relative to the control condition, in which there was no specific goal.

between effectiveness conditions were all significant). More importantly, the main effect of goal was also significant (F(2,38)
=6.76, p <.01, n} = 0.26). Bonferroni multiple comparisons revealed that the rating in the strong goal condition significantly
differed from that in the control condition (p =.002), but the rating in the weak goal condition did not (p =.237). The inter-
action between the effectiveness of commands and the goal was nonsignificant (F(6,114) = 1.04, n.s., 5, = 0.05). In summary,
the results revealed that only the existence of a goal accompanied by performance feedback impaired the sense of control.
That is, the goal-based expectation strongly affected the sense of control but the goal-directed action selection did not.

Moreover, in order to further examine whether the goals influenced the sense of control through action selection or task
performance, we conducted two multivariate analyses. First, we examined whether action selection influenced the sense of
control. The analysis was performed via structural equation modeling using IBM SPSS Amos 22. In the model (Fig. 3), the
number of key presses and standard deviation for the position of the moving dot were used as the two indices of action selec-
tion. Specifically, the number of key presses represented the number of times participants decided to take action, and the
standard deviation for position represented the types of action that participants took. Besides these two indices, the two
independent variables (i.e., goal and effectiveness of commands) and the main dependent variable (rating of control) were
also included in the model. In the model, sense of control was influenced by all of the other variables, and the two indices of
action selection were influenced by the two independent variables. The standardized coefficients for all paths are depicted in
Fig. 3. Nonsignificant paths are shown as broken lines and significant paths are shown as solid lines (a Bonferroni-corrected p
value of .006 was used). Only the paths from effectiveness of commands to position of the dot (i.e., standard deviation for
position of the moving dot) and sense of control differed significantly from 0. In summary, the results of the analysis indi-
cated that action selection did not exert a significant influence on the sense of control.

v
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Fig. 3. The structural equation model (i.e. path model) of the influence of action selection on sense of control and its predictors. The paths with significant
coefficients are represented by solid lines (p <.006), and the paths with nonsignificant coefficients are represented by broken lines. The model indicated
that action selection did not significantly influence the sense of control. Errors 1, 2, and 3 refer to the parts that the predictors could not be accounted for.
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Furthermore, we performed another multivariate analysis to examine whether task performance influenced the sense of
control. This analysis was performed on the strong goal condition alone, because there was no task performance in the other
two goal conditions. Arrival at the destination was used as the index of task performance. In the model, sense of control was
influenced by both the effectiveness of key presses and task performance (Fig. 4). According to the results of the analysis, all
paths were significant (a Bonferroni-corrected p value of .017 was used). Therefore, when there was a goal accompanied by
performance feedback, performance exerted a significant influence on the sense of control. That is, if performance feedback
did not meet expectations, it would probably impair the sense of control. Considering the results of the two multivariate
analyses in combination, we concluded that goals influenced the sense of control via goal-based expectation rather than
goal-directed action selection.

4. Discussion

The purpose of the present experiment was to examine the influence of goals on the sense of control. We hypothesized
that goal-directed action selection and goal-based expectation would influence sense of control. We designed two types of
goal: In the strong goal condition, participants were instructed to take action according to a specific goal and received visual
feedback regarding their performance regardless of whether they achieved the goal; in the weak goal condition, participants
took action according to a similar goal, but the achievement of the goal was not defined clearly. Goal-directed action selec-
tion was involved in both goal conditions, but goal-based expectation was only activated in the strong goal condition. We
compared the sense of control for the two goal conditions with that of a control condition, in which participants took action
at will. The results showed that the sense of control decreased in the strong goal condition but did not decrease in the weak
goal condition. Therefore, goal-based expectation negatively influenced the sense of control, but goal-directed action selec-
tion did not exert an influence. These findings were supported by the results of the multivariate analyses.

To our knowledge, the present study provided the first direct evidence that the existence of goals impaired the sense of
control in certain conditions. In daily life, people usually make decisions regarding their actions in order to achieve a specific
goal. In such cases, intention to achieve a goal is activated. This intention is entitled distal intention and could differ from
intention to initiate action (i.e., proximal intention) or intention to recall motor representation (i.e., motor intention;
Pacherie, 2008). The influence of proximal and motor intention on the sense of control has been discussed in previous
research (e.g., voluntary vs. involuntary actions; Haggard, Clark, & Kalogeras, 2002; Moore, Wegner, & Haggard, 2009;
Tsakiris & Haggard, 2005). However, distal intention has received less attention. In a recent study (Vinding, Pedersen, &
Overgaard, 2013), distal intention was reported to enhance the intentional binding effect, which is considered an implicit
measure of the sense of agency (Moore & Obhi, 2012). However, in Vinding et al.’s (2013) study, distal intention did not
involve an overarching goal.

Distal intention involving an overarching goal would probably lead to two important consequences for human action and
subjective feeling. First, it could influence subsequent action selection processes. Second, it probably evokes expectation of
positive outcome (i.e., achievement of the goal). Both of these factors could influence the sense of control. In order to exam-
ine them, we used two types of goal. The strong goal was linked to clear achievement status, while the weak goal was not.
The results showed that the strong goal impaired the sense of control, while weak goal did not. That is, outcome influenced
the judgment of one’s control, but “forced” action selection did not. Wenke et al. found that actions that were consistent with
primes induced improved sense of control over action effects relative to that observed when actions were inconsistent with
primes, particularly when participants were free to choose and their actions were not forced (Wenke et al., 2010). However,
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Fig. 4. The structural equation model (i.e., path model) and its predictors for the influence of performance on sense of control in the strong goal condition.
The coefficients of the paths were all significant (ps <.017). The model indicated that task performance significantly influenced sense of control. Errors 1 and
2 refer to the parts that the predictors could not be accounted for.
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in the present study, we observed decrements in sense of control in the strong goal condition but not the weak goal condi-
tion, indicating that action selection did not play a role in the sense of control in our experiment. In fact, although action
selection was considered to have been influenced by distal intention in both the strong and weak goal conditions, the goal
did not significantly influence the number of key presses or distribution of the moving dot (Fig. 3). This is likely to be
because, even when there was a distal intention (and this was forced), participants generated motor intention themselves,
as opposed to receiving instructions on actions as in the cued-choice trials in Wenke et al.’s (2010) experiment.

Furthermore, when distal intention exists, it not only influences motor intention but also generates a goal state, which is
compared to the outcome (usually refers to task performance). Metcalfe and colleagues examined the influence of outcome
on the sense of control and found that it plays an important role in the judgment of control (Metcalfe, Eich, & Miele, 2013;
Metcalfe & Greene, 2007; Metcalfe, Van Snellenberg, DeRosse, Balsam, & Malhotra, 2012). In Metcalfe et al.’s experiments,
participants played a computer game in which they moved a cursor, using a mouse to touch or explode scrolling Xs. When
a number of touched Xs did not explode, participants’ judgment of control decreased significantly relative that observed in
the condition in which all touched Xs exploded, even when participants received explicit instructions stating that they
should be concerned with touching, rather than exploding Xs (Metcalfe et al., 2013). Metcalfe et al. concluded that the explo-
sion of the Xs influenced participants’ judgment of performance with respect to the number of Xs they had touched success-
fully, and their judgment of performance significantly influenced their judgment of control, independently of the influence of
external turbulence in the cursor. However, in Metcalfe et al.’s experiment, control of the cursor was always effective, and
the participants were always in perfect control in the no-turbulence condition; therefore, participants may have focused on
their performance when forming judgments of control. In contrast, in the present experiment, participants’ commands were
not always effective (manipulated at four levels: 20%, 50%, 80%, and 100%), and they were explicitly instructed to form a
judgment of control according to whether their commands had been successful. The results showed that the comparison
of goal and outcome influenced the judgment of control, even when participants were instructed to focus on the comparison
of motor commands.

In order to account for the roles of two types of comparison (action-effects and goal-outcome) in the sense of control in a
systemic manner, we proposed a modified comparator model to account for distal intention (Fig. 5). The comparator model
provides a strong account of motor signals’ effects on the sense of control (Frith et al., 2000). However, in the comparator
model, predicted sensory feedback is based on motor signals. It fails to explain the illusionary sense of control when no
motor signal exists (e.g., Wegner et al., 2004). Recently, Carruthers reviewed and defended this model with the common
objection that actual sensory consequences of action are unnecessary in the sense of agency (Carruthers, 2012). However,
without extensive modification, it remains difficult to explain the results of postdictive inferences of agency using the com-
parator model. The proposed model could account for the results of the present study and Metcalfe et al.’s (2007), 2012,
2013) findings and produce an integrated account of predictive and postdictive processes in the sense of control.

There were three levels in our model: internal, perceptual, and external. The internal level refers what occurs in the mind.
The perceptual level refers to sensory processes, such as visual, audio, and bodily sensations. The external level refers to
physical interaction with the environment. There are three points of note regarding our model. First, both distal and motor
intention are included in the model. Perception of action and performance is compared with predicted sensory feedback,
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Fig. 5. A modified comparator model of sense of control. The model includes three levels: internal, perceptual, and external. During an action, distal
intention and motor intention are generated and produce two difference pathways for comparison. First, expectations are generated via distal intention and
compared with the perception of performance. Second, similar to the original comparator model, predictions are generated via motor intention and
awareness of action and compared with actual sensory feedback. The results of the two comparisons are integrated under Bayesian principles and generate
the sense of control.
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which is generated via motor intention and awareness of action in a similar manner to that of the original comparator model
and prediction (i.e., expectation) based on distal intention, respectively. Second, these two types of comparison are inte-
grated, generally under Bayesian principles, as suggested by cue integration theory (Moore & Fletcher, 2012) and optimal
cue integration theory (Synofzik, Vosgerau, & Voss, 2013). In the present study, although the participants were explicitly
instructed to form a judgment of the action-effect comparison, the goal-outcome comparison affected their judgment, indi-
cating that the latter type of process is strong and could involve implicit factors. Third, we replaced motor signals in the orig-
inal model with intention to act and awareness of action. A neuroscience study using a direct electric stimulus on the cortex
revealed that intention to move and awareness of movement are represented in different brain regions and distinct from
each other (Desmurget et al., 2009). Therefore, intention to act and awareness of action should be distinguished in the model
of the sense of control. Furthermore, motor commands alone could be insufficient for the generation of the sense of control.
For example, a previous study reported that two patients who had lost their senses of proprioception and touch retained the
motor abilities required to observe their movements, in order to experience a sense of agency (Cole & Paillard, 1995). In this
case, motor signals were insufficient for the generation of the sense of agency. Rather, awareness of action was critical.

The proposed model provides a strong explanation for our results. The existence of a strong goal probably influenced the
expectation generated via distal intention. When actual sensory feedback did not meet expectations, sense of control
decreased. With a weak goal, because strict expectations were not generated and performance feedback was not sensed,
comparisons based on distal intentions were not activated and did not influence the sense of control. In addition, motor
intention may have differed between the two goal conditions and the control condition. However, because the actual sensory
feedback also changed accordingly, the results of the comparisons between them probably did not fluctuate extensively.

The proposed model accounted for not only predictive processes, as the original comparator model does, but also post-
dictive processes. For example, in Wegner and colleagues’ helping hand paradigm (2004), the pathway from motor intention
to act and awareness of action and the correspondent comparison were not activated. However, when the participants heard
instructions for the movement in advance, the pathway from distal intention to expectation and the correspondent compar-
isons were probably activated and therefore produced the sense of agency. When the pathway of action is absent, the path-
way based on distal intention is similar to the illusion of "mind control,” in which one might feel that one is able to cause
external effects with one’s mind without performing any actual action.

In conclusion, the present study provided direct evidence that the existence of a goal influences the sense of control. Exis-
tence of a goal could impair the sense of control if actual sensory feedback does not match expectations based on the goal.
Furthermore, we proposed a modified comparator model to account for the sense of control, including a pathway of com-
parison between distal intention (i.e., the goal) and actual sensory feedback. In addition, we replaced motor commands with
motor intention and awareness of action, to enable the comparator model to account for cases in which motor commands are
insufficient (e.g., Cole and Paillard, 1995). The proposed model offers a promising approach to the integration of the predic-
tive and postdictive processes involved in the sense of control.
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