Synthese (2021) 199:5937-5964
https://doi.org/10.1007/511229-021-03053-3

™

Check for
updates

Skill and strategic control

Ellen Fridland'

Received: 26 May 2020 / Accepted: 21 January 2021 / Published online: 8 February 2021
© The Author(s) 2021

Abstract

This paper provides an account of the strategic control involved in skilled action.
When I discuss strategic control, I have in mind the practical goals, plans, and strate-
gies that skilled agents use in order to specify, structure, and organize their skilled
actions, which they have learned through practice. The idea is that skilled agents are
better than novices not only at implementing the intentions that they have but also
at forming the right intentions. More specifically, skilled agents are able formulate
and modify, adjust and adapt their practical intentions in ways that are appropriate,
effective, and flexible given their overall goals. Further, to specify the kind of action
plans that are involved in strategic control, I’ll rely on empirical evidence concern-
ing mental practice and mental imagery from sports psychology as well as evidence
highlighting the systematic differences in the cognitive representations of skills
between experts and non-experts. I'll claim that, together, this evidence suggests
that the intentions that structure skilled actions are practical and not theoretical, that
is, that they are perceptual and motor and not abstract, amodal, or linguistic. Impor-
tantly, despite their grounded nature, these plans are still personal-level, deliberate,
rational states. That is, the practical intentions used to specify and structure skilled
actions are best conceived of as higher-order, motor-modal structures, which can be
manipulated and used by the agent for the purpose of reasoning, deliberation, deci-
sion-making and, of course, the actual online structuring and organizing of action.

Keywords Skill - Intention - Practical intention - Motor schema - Action schema -
Strategic control

1 Skill and the strategic level of control

While much of skilled action happens “under the radar” it’s important to acknowl-

edge that a significant part of skill also involves good old-fashioned thinking. This
point has been persuasively defended by intellectualists, especially Jason Stanley
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when he highlights in a paper with Stanley and Krakauer (2013), the impossibility
of performing a skill without having knowledge of what to do in order to perform it.
For instance, there is no way to be a skilled tennis player, if you don’t know that you
have to, e.g., pick up the racket and swing it towards a ball.! Even though this kind
of knowledge is far from sufficient for skill, since it can be shared by both skilled and
unskilled tennis players, this fact doesn’t undermine the necessity of such knowl-
edge for paradigmatic cases skilled action. In fact, knowledge of what one needs
to do seems to be required for intentional action in general and since skills, when
instantiated, are a kind of intentional action (Ryle 1949; Stanley and Willlamson
2001; Nog 2005; Bengson and Moffett 2011; Stanley and Krakauer 2013; Fridland
2014; Pavese 2018), it is no surprise that this kind of knowledge has a role to play in
skilled action as well.

The strategic aspects of skill, however, are not limited to having knowledge
about what needs to be done in order to perform a skill. They can also include, for
instance, the kind of decisions we make about how to approach the performance of a
skill. We may, for instance decide to perform aggressively, defensively, or energeti-
cally (Papineau 2013). Or we may decide that it is worth holding back and taking it
easy during practice, rehearsal, the early stages of a performance, or the preliminary
games in a tournament. In aesthetic or expressive skills, we may decide on the feel-
ing or mood that we’d like the performance to evoke. For instance, that we want the
piano piece to sound angry or a dance to feel mournful. In difficult or unusual cir-
cumstances, we may need to think about how to tackle a familiar task (Christensen
et al. 2016). We may also think and plan the sequence or series of actions that we
will perform in order to instantiate the skill, for instance, planning the moves in a
gymnastics routine or the stages of a cooking process. These kinds of choices have
significant impacts on the performance of skilled action and we’d be missing some-
thing important, if we didn’t acknowledge how much reflective thinking is involved
in skill. Of course, these strategic aspects of skill can be learned through practice but
they don’t necessarily have to be learned in this way. One may, for example, learn
about when it is best to play defensively in soccer without learning to actually play
in that way. One may learn about an effective regimen of practice without practic-
ing at all. That is, there’s a lot about this aspect of skill that can be shared by both
skilled agents and novices or even fans and observers.

Crucially, however, as I'll argue below, there are also goals, plans and strategies
that guide skill, which can only be developed as a result of practice. This means that
practice is required not only for automatizing certain motor components of skilled
action but for refining and structuring the practical intentions that specify and organ-
ize the instantiations of those skilled actions. As such, skilled agents uniquely pos-
sess strategic, practical, organizing intentions that structure their skilled actions in
appropriate and effective ways. In this way, part of being skilled is knowing and

! This conception of knowledge as necessary for skill focuses on ordinary cases of skill and does not
address the thorny issues of Gettierized know how. For more on this problem, see, for instance: Poston
(2009) and Cath (2011).
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planning, in a practical manner, what one is going to do. And it is not enough to
know about the skill, to have these kinds of organizing intentions.

When I discuss strategic control, then, I have in mind the practical goals, plans,
and strategies that skilled agents use in order to specify, structure, and organize their
skilled actions, which they have learned through practice. The idea is that skilled
agents are better than novices not only at implementing the intentions that they
have but also at forming the right intentions.> More specifically, skilled agents are
able formulate and modify, adjust and adapt their practical intentions in ways that
are appropriate, effective, and flexible given their overall goals. Note that control,
as I have previously defined it (removed for review) refers to the ability, acquired
through practice, to adapt, adjust, modify, and correct appropriately, effectively,
and flexibly given one’s goals and the situation. Taking this into account, what I'm
claiming here is that skilled agents have strategic control over their skills in virtue of
the adaptability and flexibility of their practical intentions.

This strategic aspect of skill is especially salient when it comes to open skills like
those on display in team sports where performance cannot be pre-planned but must
adapt to the significant variability of the action space, another team, and players.
That is, deciding what to do is something that the player does in real time (even if a
more general strategy has been agreed on by the coach and team) and part of what
makes some players more skilled than others is that they make better decisions about
which actions to perform, at which time, and in which sequence. It’s important to
see however, that even in closed skills like gymnastics or piano, strategic control
is key to performance. This should be clear since even if the general sequence of
events is pre-planned (perhaps like the general strategy that a coach may decide on
for a team), precisely how the plan is formed, structured, and organized, that is, how
the components of the sequence are conceived of and connected to one another, has
an important impact on the way in which the skill is performed. Accordingly, action
plans include more than simply an abstract description of what to do and what order
to do it in. They include specific, practical specifications about the action to be per-
formed and how that action ought to unfold. It is here that we can see strategic con-
trol as relevant both for open and closed skills.

To be as clear as possible, my position is that part of what accounts for the con-
trol of skill ought to be cashed out at the higher-order cognitive level. This is not to
say, of course, that an adequate account of the intelligence of skill ought to be given
exclusively at the level of strategic control. It is to say, however, that if we want to
understand the intelligence of skill, part of this intelligence occurs at the level of
strategic or cognitive control and, as such, we need a working account of this kind
of control, if we are to have a complete account of skill. So, since strategic con-
trol makes an important contribution to skill, it is crucial to (1) make the case that
higher-level cognitive features play a central role in skilled action and (2) sketch out
the nature of the contribution at this level of strategic control.

2 This notion of strategic control is similar in some important respects to Christensen et al.’s (2016)
notion of cognitive control and also, to some extent, Pavese’s (2019) conception of practical representa-
tion.
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1.1 Is cognition really relevant for skill?

On one dominant conception of skilled action, skills are automatized actions that
are best when mindless. On such an account, the pinnacle of expertise is devoid
of thought; it is all body and movement. As Dretske (1998) writes: “[I]n the case
of all skilled actions, whether it be tying your shoelaces, playing a musical instru-
ment, or dribbling a basketball—the mind goes elsewhere while the body per-
forms.” And John Searle asserts that “[R]epeated practice enables the body to
take over” (1983, p. 150). Further, Sutton and colleagues, critiquing Dreyfus’s
account of skill, write of his position: “Only when one is involved, and gets a lot
of practice, will the body take over and do the rest. There is then neither thinking
nor awareness, neither attention nor choice: at this level of fluid performance, “an
expert’s skill has become so much a part of him that he need be no more aware of
it than he is of his own body”” (2011, p. 89).

This is the view of skill and expertise that Montero (2016) has labeled and
objected to as the “just do it” theory of skill. In philosophy, probably the most
prominent defender of this kind of conception of skill is Dreyfus (2002, 2004)
and Dreyfus and Dreyfus (1986) who emphasizes the phenomenological absence
of agency in certain kinds of skilled experiences, like flow, to argue for conclu-
sions about the metaphysical structure of truly expert performance. Such accounts
are quite extreme, going as far as to deny that skilled actions are a species of
intentional action. In other work (Fridland 2014), I have argued explicitly against
this conception of skill as mindless. Though I will not go into these arguments
in detail here, it is worth noting that Bermudez (2017) has elegantly highlighted
the inability of Dreyfus-type accounts to explain how complex actions in multi-
faceted domains with multiple competing affordances can remain on task and
flexible in the absence of an organizing intention. And Bermuidez (2017), myself
(Fridland 2014), and Wu (2015) have all also emphasized how intention must be
active in skill in order to guide the selective attention required for appropriate and
successful skill instantiation.

1.2 Empirical evidence does not show that unthinking skill is best

Still, a “just do it” position seems to be in lockstep with empirical evidence from
sports psychology showing that conscious thought or deliberation can disrupt
skilled action (Kimble and Perlmuter 1970; Langer and Imber 1979; Baumeister
1984; Lewis and Linder 1997; Masters 1992; Beilock and Carr 2001; Beilock
et al. 2002; Beilock 2010). This sort of conception is also a seemingly natural
way to account for the incontrovertible fact that during the learning process,
through practice, novice actions go from being explicitly controlled in a direct
and active manner to becoming automatic, such that explicit, cognitive control
of each individual element of the action is no longer required once the skill has
been learned and trained (Fitts and Posner 1967; Anderson 1983, 1993). So,
it is worth addressing at least briefly why we should not conclude from these
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considerations that skilled actions are devoid of thought, even if we accept that
skilled actions are largely automatic and can be disrupted by certain kinds of
thinking or attention.

My position is that it is perfectly consistent to hold that the cognition involved
in well-trained skill is different from the cognition that guides novice skill learning.
And obviously, a difference in cognition doesn’t imply its absence. We should notice
that simply because the cognitive effort required for monitoring and controlling the
step by step performance of a complex action in the early stages of skill learning is
reduced when the skill becomes fully automatic, does not entail that, once learned,
skills lack any substantive cognitive component.

In fact, most theories of skill posit that automatizing a procedure has the benefit
of reducing the investment of cognitive resources required to guide the mechanics of
movement execution precisely so that those cognitive resources can then be used for
other sorts of higher-level, often skill-related tasks (Fitts and Posner 1967; Anderson
1993). For instance, once a series of piano notes has been learned to the point that
they can be played automatically, the piano player can then focus on the aesthetic,
expressive, or especially challenging aspects of the piece.’

On such a view, the cognitive component of skill does not disappear but, rather,
shifts one level up. Of course, I have argued that the automatized motor routines
constitutive of skilled action remain intelligent even after they are automatic (Frid-
land 2014, 2017a, b, 2019a). My point here in appealing to what I take as the ortho-
dox position is not to endorse every letter of it but to highlight that even if we take a
pretty standard line regarding the intelligence of skill, we would likely still hold that
cognition plays an important role in skilled actions. In this way, the strategic level is
still relevant for a full account of skill.

Another popular position regarding skilled performances promotes the idea that
not only is conscious, deliberate, higher-order thought unnecessary for skilled per-
formance but that it is, in fact, counterproductive. That is, thinking about one’s per-
formance undermines the success of that performance. As such, it is commonly held
that conscious, reflective thinking interferes with and, as such, is incompatible with
truly skillful performances.

Much of the research on this question involves demonstrating disruptions of skill
when experts are asked to attend explicitly to specific aspects of their movements or
task. For example, Beilock et al. (2002) shows that when expert golfers were asked
to attend to the exact moment their club head stopped its follow-through, they per-
formed worse than when they were asked to keep track of a totally unrelated-to-the-
task auditory tone. Papineau (2013), relying on evidence of this sort, defines this
specific phenomenon of degraded or disrupted performance, which he calls “The
Yips,” as “what happens if you start thinking explicitly about the bodily movements
required for some sporting performance” (p. 4). The idea is that focusing on the
execution of a well-learned motor routine interferes with its success.

We should notice that accepting the claim that attention to certain aspects of one’s
own movements can disrupt expert performance does not entail that consciousness

3 See Christensen et al. (2016) for more on this kind of view. See also Papineau (2013).
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or attention or thinking, in general, undermines successful performance. The most
that we can conclude from this sort of evidence, of course, is that conscious atten-
tion or effort devoted to particular (perhaps irrelevant) aspects of the mechanics
of one’s own skilled movements, are counterproductive for successfully executing
them. But this rules out neither the possibility that one may benefit from thinking
about other aspects internal to the performance nor that focusing on strategy or other
high-level characteristics of performance is important for skill.

After all, it remains a distinct possibility that thinking about particularly relevant
aspects of the mechanics of a performance can lead to improvements in skill. So,
while it is perhaps true that, e.g., focusing on the location at which the golf club
head stops its path through space is harmful for golf performance it is still a distinct
possible that, e.g., thinking through and anticipating the exact sequence of notes
and specific finger movements required to play a particularly difficult piano passage
helps one perform it better. This is, after all, exactly the kind of thing that has actu-
ally been shown to be beneficial for piano playing (Duke et al. 2009). Moreover, it is
certainly not clear that thinking about higher-order, aesthetic, or strategic features of
the performance is detrimental to the skilled action. That is, even if we accept that
attention to particular aspects of performance is detrimental to skill this does not
entail that skilled actions are mindless at all levels. Shepherd (2015) has argued this
point to my mind persuasively, appealing to empirical evidence of improvements
that result from the deliberate use of motor imagery during performance (Guillot
et al. 2013). In fact, I don’t think this is even what Beilock or Papineau think the
appropriate conclusion from these kinds of studies should be. Like with practice and
automaticity, cognitive or strategic control may be most effective when it is con-
cerned with more global features of the task. As such, a role for strategic control in
a theory of skill is hardly challenged by the fact that certain kinds of thinking about
the internal mechanics of movements are bad for skill.

1.3 Kinds of cognition in skill: strategic knowledge and strategic control

In order to pinpoint exactly how we ought to understand the strategic aspects of
skilled action control, it will be useful to draw a distinction between strategic knowl-
edge and strategic control. Strategic knowledge, in the way I conceive of it, is knowl-
edge about skill.* Tt can be background, general, or structural knowledge that can
contribute to a skill’s success and determine choices about how the skill is to be
performed. Importantly, the amount of strategic knowledge that an agent possesses
is not necessarily proportional to how skilled that person is. For example, one can
have encyclopedic knowledge about baseball batting statistics and be a very poor
batsman. On the other hand, of course, that knowledge can contribute to a skilled
batsman’s choice of how to hit. And that will obviously have follow-on effects for
the success of the batting.

* This point tracks Fridland’s (2015) distinction between knowledge how and knowledge about how.
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Strategic knowledge may be learned through practice but, importantly, it can also
be acquired in various, non-practical ways, for example, through testimony or study.
For instance, we might learn the rules of football by watching a football game and
we may learn a natural progression of chords by studying music theory. We may
learn great strategies for hockey defense by reading a book and we may learn the
sequence of moves in a dance routine through verbal instruction. The point is that
we don’t need to develop strategic knowledge by actually practicing our skills. Even
though, of course, we may learn these things through practice, too.

On the other hand, strategic control is meant to designate knowledge in action.
Strategic control is a kind of practical knowledge. This sort of knowledge is propor-
tional to skill level and effective in structuring, organizing, and guiding instantia-
tions of skilled actions. As such, the more strategic control a person has the better
she should be at performing her skill. It follows that as one develops strategic con-
trol, one’s skilled performance will improve. However, since there are at least two
other components that compose the control of bodily skill (e.g., attention control
and motor control), it isn’t necessarily the case that the relationship between strate-
gic control and overall skill quality will be 1:1 (Fridland 2014, 2021).°

It will be the primary objective of this paper to identify and characterize strate-
gic control. I will suggest that strategic control concerns the development of action
schema, which are integral to skilled actions and which develop exclusively through
practice. I will further suggest that practical intentions, which are commitments to
action schema, are best conceived of as higher-order, motor-modal® plans that struc-
ture complex actions by specifying the various relevant invariant, action-oriented
features of the actions involved in the performance of the skill. Importantly, these
plans, when instantiated, are rational, personal-level intentions despite being formu-
lated in perceptual and motor code.

In order to specify the kind of action plans that are involved in strategic con-
trol, I’1l rely on empirical evidence concerning mental practice and mental imagery
from sports psychology as well as evidence highlighting the systematic differences
in the cognitive representations of skills between experts and non-experts. I'll
claim that, together, this evidence suggests that the intentions that structure skilled
actions are practical and not theoretical, that is, that they are perceptual and motor
and not abstract, amodal, or linguistic. Importantly, despite their grounded nature,
these plans are still personal-level, deliberate, rational states. That is, the practical

5 It’s important to see here that the distinction that I'm drawing is not necessarily a distinction between
propositional and nonpropositional knowledge (though, of course, it could be). In this way, it is not a
distinction that is anathema to Intellectualism about know how. For instance, the Intellectualist draws a
distinction between familiar kinds of propositional knowledge and propositional knowledge represented
under a practical mode of presentation (Stanley and Willlamson 2001; Pavese 2015). Strategic control
could be seen as a way of understanding the propositional knowledge represented under a practical mode
of presentation, though, as I cash out strategic control, it will be clear why I don’t assimilate the Intellec-
tualist terminology.

% By “modal” I mean sensory/perceptual. As in, relating to the sensory modalities. I use this term rather
than the more common “sensorimotor” in order to avoid identifying the structures that I am concerned
to spell out here with low-level or subpersonal processes, which is often how sensorimotor states are
understood.
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intentions that specify and structure skilled actions are best conceived of as higher-
order, motor-modal structures, which can be manipulated and used by the agent for
the purpose of reasoning, deliberation, decision-making and, of course, the actual
online structuring and organizing of action.

Before proceeding, it is critical to make a note about the methodology that I will
employ in many of the following arguments. Rather than taking independent lines of
evidence and drawing specific conclusions directly from those independent research
programs, I will combine empirical research of various kinds with theoretical con-
siderations in order to provide what I see as the most plausible, coherent, and poten-
tially powerful interpretation of the evidence, all things considered. In this way, my
position will synthesize a large amount of research in order to provide a view of stra-
tegic control. In this way, mine is an abductive approach, attempting to do justice to
the totality of the relevant evidence. So, though various objections can of course be
raised to individual claims or interpretations, as they always can, it is critical for the
reader not to take one stream of evidence in isolation when my argument relies on
combining evidence to construct and support the best overall picture of the strategic
control involved in skilled action.

2 Mental practice, physical performance, and strategic control

In this section, I'd like to propose that the literature on mental practice may be par-
ticularly helpful for understanding the strategic dimensions of skill. Mental practice
is commonly understood as the use of mental imagery to rehearse a task in one’s
mind, without performing the associated physical movements. So, why would men-
tal practice be useful for understanding the strategic dimensions of skill? Namely,
because it is widely agreed that mental rehearsal using perceptual and motor
imagery is especially relevant for developing the cognitive aspects of skill. In fact,
many scientists hold that the more cognitive complexity a skill involves, the more
effective mental practice should be Feltz and Landers (1983), Driskell et al. (1994),
Hanakawa et al. (2003), Lotze and Halsband (2006), Iseki et al. (2008) and Gen-
tili et al. (2010). Moreover, fMRI studies investigating the underpinnings of mental
practice support the view that rehearsal using mental imagery specifically engages
neural areas that are usually associated with certain kinds of higher-order cogni-
tive tasks (Pascual-Leone et al. 1995; Langheim et al. 2002; Guillot et al. 2009;
Hanakawa et al. 2003, 2008). From a common sense perspective, too, it makes sense
that the aspect of skill that mental practice is most effective for developing is not
the lower-level, sensory and motor components of skill, which require actual ongo-
ing sensory feedback for learning since such feedback is unavailable without actual
movement.

In addition, we see that the mental imagery of skilled agents differs systemati-
cally from that used by novices. That is, expert’s imagery is more vivid, more accu-
rate, more useful, and more structured than that of novices, suggesting that this
higher-order aspect of skill develops with practice (Lotze et al. 2003; Reed 2002;
Schack and Mechsner 2006; 2010; Schack et al. 2014). Importantly, this is not to
say that only the higher-order features of skill improve with mental practice but it
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is to highlight that mental practice is especially effective for refining these aspects
of skill. Moreover, if we think that mental and physical practice are two ways of
achieving the same ends, that is, if we think of mental and physical practice as
developing and refining the same basic structures that support skillful action, as I
think we should, then we can learn about at least some aspects of physical practice
by focusing on its mental cousin.

2.1 Mental practice: neurological evidence

So, let us turn to mental practice. There are two particularly curious things about
mental practice that are worth pointing out. First, the imagery involved in mental
rehearsal seems to involve the same cortical regions and processing profiles that
guide actual action (Decety et al. 1992; Cohen et al. 1996; Kosslyn 1999; Kosslyn
et al. 2006). This fact goes some way in explaining the second surprising fact about
mental practice—that it is remarkably effective for improving actual performance
(Feltz and Landers 1983; Driskell et al. 1994; Jeannerod 1994; Guillot et al. 2009;
Hanakawa et al. 2003, 2008; Madan and Singhal 2012; Schack et al. 2014). That
is, rehearsing a gymnastics routine or playing a piano piece in one’s mind has sig-
nificant benefits for the actual execution of the skill. Sometimes, mental practice is
as effective as physical practice. More often, mental practice is pretty effective in
improving skill but not quite as effective as physical practice or a combination of
the two (Pascual-Leone et al. 1995; Guillot 2009; Guillot et al. 2010; Gentili et al.
2006; Gentili et al. 2010; Madan and Singhal 2012 (review); Bernardi et al. 2013).
As I said, the first fact about mental practice could go some way in explaining the
second. That is, if imagery and action involve the same neural and functional states
then mentally practicing would refine the same representational states or structures
that underpin actual action, thus laying the groundwork for improvements of real
performance. But why should we think this is the case?

First off, there is a significant, established body of neural evidence indicating
that mental imagery and actual action are underpinned by the same cortical areas
(for a comprehensive list of relevant studies see Kosslyn et al. 2006, Appendix).
For instance, imagining walking across a room and actually walking across a room
involve activity in the same brain regions. Imagining waving your hand or swim-
ming or eating a bowl of spaghetti, etc. involve many of the same brain regions as
actually doing these things.” This is the case for motor imagery and visual imagery
and presumably for other sensory modalities as well. In short, from a neural per-
spective, actual action and imagined action exhibit significant cortical similarity.
Of course, this fact alone doesn’t entail that actual and imagined action involve the
same functional and representational structures but in combination with evidence
of common processing principles and constraints and deficits reviewed below, this
strikes me as an inference to the best explanation.

7 1 should note that this is a generalization from the actions that are possible in an fMRI scanner.
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2.2 Mental practice, performance principles and constraints

A significant body of empirical evidence suggests that imagined and performed
actions share not only a neural substrate but that both phenomena are governed by
the same processing principles and constraints. For instance, it is well known that
imagining performing an action and actually performing the action are subject to
similar temporal constraints. For instance, the time it takes to scan a visual image
in imagination and to actually scan an object with one’s eyes both depend on the
distance that needs to be scanned (Kosslyn 1973; Kosslyn et al. 1978; Denis and
Cocude 1989). Imagining signing one’s name and actually signing one’s name take
about the same amount of time and both depend on the hand or “hand” used and the
size of the signature (Decety and Michel 1989). The time it takes to imagine walk-
ing to various spots depends on their proximity as would the actual time it would
take to walk to them (Decety et al. 1989). The time it takes to rotate a three-dimen-
sional object in one’s imagination depends on the angle of rotation, just like the time
it takes to actually rotate an object depends on how far it needs to be rotated (Shep-
ard and Metzler 1971). It is also well established that motor imagination, like action,
adheres to Fitt’s law, where speed and accuracy trade-offs are integral to perfor-
mance speed and success (Georgopoulos and Massey 1987; Decety and Jeannerod
1995; Sirigu et al. 1995, 1996; Crammond 1997). So, for instance, imagining an
action that requires a high degree of accuracy, for instance, parking a car in a small
garage space, takes longer than imagining an action that requires less accuracy, for
instance, parking that same car in an empty parking lot. And the same is true, of
course, for ordinary action, too.

2.3 Mental practice and motor deficits

Further, Jeannerod (1994) has argued that not only does mental imagery share a cor-
tical substrate and functional profile with physically performed action but that these
similarities are best interpreted as implying that the motor representations involved
in motor imagery are the same informational states used for guiding actual instantia-
tions of action. That is, the representations that govern motor imagery are functional
for planning, structuring, and guiding live, online action execution. This hypothesis
is supported not only by the neural evidence for overlapping cortical systems and
psychological evidence of shared performance profiles but also by evidence that
deficits in motor imagery, especially at the level of organization and planning, and
deficits in performance are somewhat correlated. For instance, it is well known that
motor imagery, like actual movement, can be affected in patients with Parkinson’s
Disease (PD) (Dominey et al. 1995; Yagiiez et al. 1999; Thobois et al. 2000) and
also in hemiplegic patients (Decety and Boisson 1990). Additionally, lesion studies
have produced evidence of numerous overlapping deficits between action execution
and action imagination (See Decety 1996 for review). Lastly, it is a distinct pos-
sibility that patients with ideomotor apraxia, who have difficulties imitating com-
plex movements and often have difficulty reconstructing the sequence of movements
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required for complex tasks also have difficulties both in imagining complex actions
(Ochipa et al. 1997) and recognizing them (Heilman et al. 1982).

In combination with strong neural evidence of overlapping cortical regions in
motor imagination and actual action, the symmetrical constraints and processing
principles of imagination and action, and preliminary evidence of symmetric defi-
cits in imagery and action in ideomotor apraxia and PD, make it clear that motor
imagination very likely involves many of the same cognitive structures as the physi-
cal instantiation of action. This seems to me to be the best way to make sense of the
totality of evidence presented above. Importantly, this also makes a focus on mental
practice interesting for learning about the inner workings of physical practice and its
products.

Of course, if mental imagery rehearsal is similar in the relevant ways to actual
practice, (as this empirical evidence seems to suggest) then, assuming there is more
to learn through practice than a kind of low-level readjustment of sensorimotor
thresholds, which there seems to be, we should expect that the products of mental
practice will help us to isolate those more cognitive or strategic aspects of control.
This is particularly important for my purposes since identifying and understand-
ing control is central to understanding skill. Accordingly, my hope is that we can
learn about the nature of strategic control by looking at the learning that takes place
through mental practice. Assuming this is pretty much correct, in the next sections,
I’1l use experimental evidence from studies of mental practice to make claims about
the strategic control involved in skilled action.

3 Strategic control and practical intentions

So, what exactly do we learn through mental practice and how is this related to skill
in general? I suggest that what we learn through mental practice, primarily, is stra-
tegic control. I'll claim that strategic control refers to practical intentions that are
appropriate, effective, and flexible in virtue of the action schemas that constitute
them. Accordingly, I’ll claim that the flexibility and appropriateness of action sche-
mas is exactly what gets refined through practice, either mental or physical.

As I've argued elsewhere, we can distinguish between general and practical inten-
tions, where general intentions specify the general goal or end of the task and practi-
cal (instrumental) intentions fill in the means or way of achieving that goal (Fridland
2019b). When it comes to skill, the most relevant kind of intentions are the practi-
cal ones, since differences at the level of practical intention are likely to reveal dif-
ferences in skill level whereas both skilled and unskilled agents could easily share
general intentions. For example, both a skilled and unskilled diver may plan to do a
front tuck into the water but the way in which each actually plans to do this differs in
important ways between the two.

Unsurprisingly, then, it is precisely at the level of practical intention, that I think
mental practice has an impact on strategic control. I propose that, with practice, the
instrumental plan that an agent uses to achieve her general intention becomes for-
mulated, organized or structured in such a way that it can be flexibly and appro-
priately modified and adjusted to easily and effectively achieve task success. The
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structure that encodes and guides such a plan, I call an action schema, and I will
discuss in some detail below how we are to understand such a structure. For now,
it is important simply to say that practical intentions are commitments to action
schemas. When those commitments are instantiated, an agent has formed a practical
intention. In short, through practice, an agent develops strategic control by develop-
ing the right kinds of action schemas. The agent can then use those actions sche-
mas to token practical intentions as appropriate. As such, practical intentions can
guide action effectively because they are composed of action schemas, which have
been learned through practice. Importantly, since the action schemas that constitute
a practical intention are developed through practice, they are not the kinds of plans
that will be shared by experts and novices alike.

Practical, embodied intentions, on the account I am offering, are the instanti-
ated higher-order, modal-motor structures that encode specific invariant features of
actions and guide actions in virtue of encoding this information. In this way, actions
schemas have two directions of fit; they are both informational states and control
states. The invariant features they encode are usually combinations of complex
action elements, which are specified in in terms of motor commands and expected
sensory outcome pairs. What I have in mind is very much in line with what Mylo-
poulos and Pacherie (2017, 2019; from hereon M&P), following Schmidt (1975,
2003) have called “motor schemas”. As they explain:

According to schema theory, motor schemas are both repositories of informa-
tion and control structures. They are internal models or stored representations
that represent generic knowledge about a certain pattern of action and are
implicated in the production and control of action.... The generalized motor
program is thought to contain an abstract representation defining the general
form or pattern of an action, that is the organization and structure common to a
set of motor acts (e.g., invariant features pertaining to the order of events, their
spatial configuration, their relative timing and the relative force with which
they are produced” (M&P 2017, p. 330).

On the account I'm offering, however, there is one significant difference between
motor schemas and embodied, practical intentions. Most importantly, the informa-
tional states that I think develop as a result of mental practice are personal-level rep-
resentations that an agent can access, manipulate, commit to, and use for planning,
decision-making and reasoning. That is, they are agent-level structures, whereas
M&P’s motor schemas are subpersonal, unconscious states that are not directly
responsive to or involved in practical reasoning and agent-level thinking.®

8 According to M&P, “the motor representations that guide specific actions are instantiations of motor
schemas” (M&P 2017, p. 330). But as M&P describe them, “Rather than being the inputs and outputs of
practical reasoning processes, they [motor representations] are the inputs and outputs of rapid sensorimo-
tor computations. Rather than being subject to norms of practical reasoning they are subject to a set of
biomechanical and motor rules. Rather than being personal-level representatons, they are subpersonal
representations. Rather than functioning under conscious control, they function largely automatically
(M&P 2017, pp. 322-323).
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Instead, for M&P motor schemas are triggered, or activated by their associated
executable action concept (M&P 2017, 2019). This difference makes all the differ-
ence since on the account I am developing, modal-motor informational structures
can themselves function as intentions—that is, states that we can commit to and with
which we can plan and guide action in virtue of the informational relations (spatial,
temporal, biomechanical and predicted) which are encoded by them. That is, these
structures are not merely associated with or triggered by concepts but are them-
selves, in virtue of their structural and informational relations, involved in thought
and reasoning. In order to differentiate my view from that of M&P, while still doing
justice to the important influence that their thinking has had on my own, I will call
the informational structures that can be used to plan and guide action, that is, the
practical intentions that ground strategic control, “action schemas”. In this way,
I hope to signal the agent-level nature of action schemas, and contrast them with
M&P’s “motor schemas”. It’s also important to note that actions schemas differ in
significant ways from M&P’s notion of an executable action concept (M&P 2017) in
that actions schemas are not concepts connected to lower-level motor schema but are
themselves personal-level structures, the manipulation of which constitutes thinking.

Before moving on, it is worth noting that in the recent philosophical literature on
practical intentions, especially in the literature addressing what has become known
as “the interface problem” (Butterfill and Sinigaglia 2014) there have been several
proposals that are very much in the spirit of my current suggestion—that motor and
perceptual states are accessible to the agent and play a role in setting intentions.
For example, Brozzo (2017), in arguing against Pacherie’s (2006) characterization
of M-intentions has claimed that the motor imagery involved in motor intention, if
it is to qualify as a genuine intention, should be accessible to the agent, integrated
with propositional contents, and meet strong rationality requirements. In a similar
vein, Shepherd (2019) has proposed that practical intentions specify outcomes both
propositionally and motorically. And that the motoric element of practical intention
should be thought of as conscious, agent-level, and involved in practical reasoning
(Shepherd 2018). Moreover, Ferretti and Caiani (2019) have also advanced what
they call the “same format thesis” where both motor representations and practical
intentions share a perceptual-motor code, which allows them to interface without
facing the problem of translation.

Though my account is situated firmly within the same camp as these proposals
(and I take this to be a good thing—that many like-minded philosophers are con-
verging on a common answer to a difficult question), I should note that the current
proposal differs from the accounts on offer in a few ways. The most relevant, I think,
is that it specifies in some detail what a practical intention, coded in perceptual and
motor code and available to the agent for reasoning and planning, actually consists
of. That is, I give a substantive proposal for not just the function but also the struc-
ture and content of such an intention. I should also note that in contrast to Shep-
herd’s (2019) claims that intentions have both motor and propositional components,
the account I offer emphasizes bona fide reasoning at the perceptual and motor level.
That is, on the account I offer, intentions can be thought of not only as having con-
tents in two different codes but as states that are themselves percepuo-rational and
which can enter into personal-level planning, reasoning and deliberation without the
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support or accompaniment of propositional thought. I take it that this is a small step
further than Shepherd has gone.

Another point I'm concerned to emphasize is that it is key to understand that
action schemas encode not only features like sequence, timing, relative force, etc.
but also prediction or anticipation of expected action outputs. This forward looking
informational aspect of action schemas allows us to explain why improvements in
anticipation are central to the benefits of mental practice and connect this account up
with ideomotor theories of action (Prinz 1997; Hommel 2009, 2015). This predictive
element also helps us to connect action schemas to intentions or plans, since antici-
pation is a sign of personal-level knowledge and planning. In the following section,
I will proceed through various empirical considerations that suggest that this kind of
higher-order, motor-modal, simulative forward model construed in terms of action
schemas, is the best way of thinking of practical intentions and the strategic control
that results from practice.

It’s important to see why we should think of practical intentions as somewhat
intermediate between high-level abstract, amodal representations and low-level
sensorimotor processes. My claim is that practical intentions involve structures
grounded in perception and action but that these are not low-level, subpersonal,
associative states.” In the way I am conceiving of the practical intentions involved
in strategic control, they are personal-level, higher-order, motor-modal structures.
Further, they can be targeted by deliberate manipulation and conscious control and
they can be involved in agent-level processes such as counterfactual reasoning, and
decision-making.

Practical intentions are rational states insofar as they are means-ends coherent,
and consistent with beliefs and desires. For all that, they remain representations of
perceptual and motor systems. I should add that I am not simply asserting here that
practical intentions involve embodied concepts (Barsalou 2008, 2010). I am claim-
ing that the intentions that we use to plan, specify, and guide skilled actions are
effective in virtue of the shape and configuration of their modal-motor, informa-
tional structures.'” That is, the claim here is not that we use concepts to reason and
those concepts happen to be modal. The claim is that, at least sometimes, we rea-
son by manipulation, perhaps via simulation (Currie and Ravenscroft 1997; Prinz
2004), of the structural relations that constitute action schemas. That is, we use the
information gathered through the manipulation of action schemas, to guide decision-
making, counterfactual reasoning and action.

° It is worth noting that associations are thought to be semantically insensitive to logical form (see
Nanay (forthcoming) and involuntary (Mandelbaum 2016). But practical intentions, on my view, are nei-
ther.

10 1 take this claim to be in a similar spirit to Shepherd’s (2018) proposal concerning the practical rea-
soning that is possible with intentions that have a mixed representational formats (both propositional and
motoric).
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4 The practicality of practical intentions

Why think of mental practice as yielding practical, motor-modal representations of
strategic control rather than more general, abstract or amodal knowledge that can
be applied to skills? That is, why not think that what we learn through mental prac-
tice is mostly knowledge about what needs to be done in order to perform the skill?
That is, knowledge about the way in which the skill should be approached, or knowl-
edge of the general sequence or structure of movements that need to be performed
in order to execute the skill? There are two reasons to avoid thinking of the prod-
ucts of mental practice as a kind of abstract or theoretical strategic knowledge. The
first follows from evidence concerning who benefits most from mental practice (i.e.,
experts) and the second follows from direct neural evidence about the specific net-
work of brain regions involved most in mental practice (i.e., higher perceptual and
motor areas). Together, these considerations combine to make the most plausible
conception of strategic control essentially a practical one. I will address each in turn.

4.1 Mental practice: the expert and the novice

The first reason to avoid thinking of the products of mental practice as a kind of
general knowledge about skills follows from research showing that experienced
agents benefit from mental practice more than novices (Richardson 1967; Mahoney
and Avener 1977; Driskell et al. 1994; Hardy and Callow 1999; Lotze et al. 2003;
Madan and Singhal 2012) That is, both when looking at who uses mental practice
and whose performance improves most from the use of mental practice, it is clear
that experts are the main beneficiaries. But how does this help us to understand the
nature of what gets learned through mental practice? The answer follows from an
understanding of what kind of knowledge is most useful at which stages of learning.

We should notice that, if mental practice were most effective for generating and
refining knowledge about skilled actions then it would be in the early stages of learn-
ing where such practice would be most effective. After all, it is at the early stages of
skill learning where we learn the basic goals, sequence, and form of action required
for the performance of a skill. That is, it is in the early stages of skill learning that
we learn what needs to be done in order to perform the skill. Accordingly, if this was
predominately what we learn through mental practice then mental practice should
be especially fruitful for novice learners. Picture, after all, what often happens at
a first practice or lesson: students stand around and watch as a coach or teacher
explains and sometimes demonstrates what needs to be done in order to, e.g., do a
cartwheel or swing a bat or play a series of piano notes. That is, the general instruc-
tion involved in skill is most relevant for early learning.

However, a broad set of empirical evidence confirms that it is not the novice but
indeed the experienced, already somewhat or very skilled agent that benefits most
(and most often uses) mental rehearsal. That is, it is precisely not in early learning
that mental practice is most effective. This means that whatever gets learned and
refined through mental practice it isn’t primarily general knowledge about the skill.
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I should note that this is not meant to be an argument against the possibility of
an expert gaining knowledge about her skill from mentally practicing it. The expert
may very well learn such knowledge. The point, rather, is that this is not primar-
ily the type of knowledge implicated in mental practice. If it were general knowl-
edge about a skill gained from mental practice one would expect, at the very least,
both the novice and the expert to both benefit equally. Though, as I argued above,
it seems reasonable that the novice would benefit more. In either case, though, if it
were knowledge about the skill that were learned through mental practice, it seems
particularly surprising that the expert would benefit more.

More speculatively, it seems that whatever it is that makes mental practice effec-
tive for experts most likely concerns knowledge that has been acquired through
experience. A plausible conjecture is that real-world experience develops knowledge
structures relevant for guiding action as it unfolds. It is this kind of experience-based
knowledge that gets refined by experts in mental practice. Since novices have not
yet acquired these kinds of experiential representations, or what I’m calling, action
schemas, or they have not acquired them with sufficient accuracy, we have an expla-
nation of why it is that novices benefit least from mental practice. It is, after all,
this kind of experience-based knowledge that novices lack and that experts have and
which can explain the difference in the effectiveness of mental practice for each.

If this is right, then we can say that mental practice refines the perceptual and
motor representations that are involved in the actual guidance of action. That is,
imaginative rehearsal works by refining those psychological structures that have
been acquired previously through experience and which are central to the implemen-
tation of skill. Structures that I am calling action schemas. Without these structures,
however, that is, without the existence of informational structures that are involved
in guiding the implementation of the skill in question, there is nothing for mental
practice to work on. That is, mental practice doesn’t have the control structures to
work with. And this is why mental practice is not as effective in the early stages of
skill acquisition as in later stages of expertise.

4.2 Practical intentions: neural evidence of higher-order motor-modal control

Further, evidence concerning the neural structures involved in mental practice
help justify a positive conceptualization of the strategic products of practice as
experiential, higher-order, modal and motor structures. Importantly, we should
note that the experiential representations are perceptual and motor but not sub-
personal or low-level kinds of states. Several studies investigating the cortical
systems involved in mental practice using modal and motor imagery converge on
a network of brain areas most centrally implicated in these phenomena. The gen-
eral consensus is that the areas most relevant for and reorganized by mental prac-
tice are those that we can think of as “higher perceptual and motor areas”. These
areas include premotor and parietal areas, SMA and the cerebellum (Hanakawa
et al. 2003, 2008; Langheim et al. 2002; Pascual-Leone et al. 1995). That is,
direct evidence of neural activity during mental rehearsal and comparisons of
mental practice to actual practice consistently point to cortical regions in higher
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perceptual and motor areas as the location most relevant for mental practice and
imagistic rehearsal. This is not to say that executive areas are not relevant for
mental practice (I've argued above that they are) nor that lower-level activation
is not often observed (I’ve said these are often relevant too). It is only to say that
at the heart of understanding changes and improvements that result from mental
practice and, thus, the development of strategic control in skilled action, seem to
be the higher perceptual and motor areas of the brain. Combined with considera-
tions above regarding the increased benefits of mental practice for experts over
novices, this helps us to fill out a picture of mental practice as the refinement
of higher-order, motor-modal structures that organize complex actions by encod-
ing neither fully abstract, conceptual or linguistic representations of the skill nor
low-level primary sensory refinements but, rather, grounded, invariant, structural
features of the skill.

This much should be clear since, if what was learned through mental practice
was mostly of the strategic knowledge variety, that is, general knowledge about the
skill, its shape or form, then we should see improvements in skill learning most pro-
nounced for novices and we should also see mental practice related most closely to
executive cortical regions. That we see the neither of these things should lead us to
the conclusion that mental practice is most relevant for producing changes in struc-
tures or representations that have been acquired through experience, likely in higher
modal-motor areas.

It’s important to note, also, that we are dealing with higher-order modal-motor
areas and not primary ones. After all, because mental practice lacks actual sensory
feedback, which would seem to be required if mental learning were to be effective at
the lowest sensory level, it isn’t likely that the learning that results from mental prac-
tice targets the most basic, primary sensorimotor representations. Moreover, we can
further be assured that the changes that result from mental practice are not primar-
ily low-level adjustment of sensorimotor thresholds since we see both that mental
rehearsal doesn’t always involve activity in the lowest-level, sensorimotor process-
ing regions within the primary motor cortex (Dechent et al. 2004; Gerardin et al.
2000; Hanakawa et al. 2003, 2005, 2008; Naito et al. 2002) and that at least in some
cases primary or low-level perceptual regions are not necessary for mental imagery.
We know this because some lesions in, for instance, primary visual cortex, have no
deleterious effect on imagery abilities (Chatterjee and Southwood 1995; Bartolomeo
et al. 2013; Bridge et al. 2012; Brogaard and Gatzia 2017). This is not to say that
many times primary areas are not active during imagery but only to say that this
activation is not necessarily central to the imaginative process in general. As such,
since mental practice relies on mental imagery, it is the cognition at the level of
mental imagery, which seems most relevant for understanding improvements that
result from mental practice. But since mental practice seems to involve lower sen-
sory areas only contingently, it is very unlikely that what is learned through mental
practice is primarily of this nature. As such, when we think of the products of men-
tal practice we seem to be honing in on intermediate level states: neither primary
sensory representations nor global, executive ones. What we are dealing with, then,
are embodied, action-guiding states, that structure skills perceptually and motori-
cally but with some degree of abstraction and generality.
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5 Are action schemas really personal-level structures?

Lastly, its crucial to notice that mental practice is a person-level, agential, deliber-
ate phenomenon. It involves conscious initiation, attention, and control over one’s
mental rehearsal. Mental practice can be directed and redirected in deliberate, agent-
guided ways. As such, we are again faced with evidence that mental practice, despite
involving perceptual and motor representations is not best construed as a low-level,
inaccessible, supbersonal process. In fact, quite the opposite is true: mental practice
involves embodied, motor-modal representations, which are personal-level states
subject to deliberate control and modification as well as integration with and respon-
siveness to the broader epistemic and psychological states of the agent. It is in this
way that we have representations that are both perceptual and rational.

We should note, further, that this way of conceptualizing the strategic control cen-
tral to skill challenges a widely accepted picture of the mind. After all, philosophers
often categorize the mind into either sensory or cognitive states or processes. Sen-
sory or perceptual representations are often considered to be low-level, subpersonal,
modular, bottom-up causal states that are physical or bodily. On the other hand,
cognitive processes are conceived of as conceptual, abstract, amodal, rational, con-
scious or consciously accessible, top-down representations that enter into personal-
level reasoning and deliberation. The way that I’ve formulated strategic control cuts
across these distinctions by forwarding the existence of higher-order representations
that are perceptual in nature. That is, my proposal regarding strategic control posits
essentially perceptual and motor informational and organizational structures that are
personal-level and rational. That is, the higher-order motor-modal representations
that are key to strategic control enter into various cognitive processes like counter-
factual reasoning, and decision-making, probably via some kind of simulation, and
which remain consistent with beliefs and desires and means-end coherent.

To end, I'll review three considerations that justify my proposal of the action
schemas that are refined through mental practice as personal-level structures. First,
there is the fact that mental practice is a deliberate, reflective, personal-level phe-
nomenon. Second, is evidence concerning improvements in anticipation that result
from mental practice and, third, I’ll present evidence from first-person reports of
experts that suggests that the epistemic structures that experts use to guide their
skills differ in systematic ways from those of novices.

5.1 Mental practice as agent-level imagistic rehearsal

The first thing to notice, and perhaps the most obvious, is that mental practice is
achieved via the manipulation (perhaps through simulation) of action schemas. This
manipulation of the action schema is something that the agent herself does and the
action schemas are sensitive in semantically coherent ways to the goals and efforts
of the agent. That is, the imagery involved in mental practice is something that the
agent herself initiates, manipulates, and remains aware of throughout her men-
tal rehearsal. After all, at the heart of our understanding of mental practice, lies an
assumption that the agent herself evokes conscious mental imagery of a specific task
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or skill and that the practice proceeds by way of her deliberately manipulating that
task or skill in imagination. Sometimes, mental rehearsal requires that agents follow
quite specific instructions or focus on a particular aspect, speeding up or slowing
down, the technique that they are practicing. That is, agents not only initiate the rel-
evant mental imagery but also direct or guide that imagery in specific ways. In con-
nection with this, we also assume that the agent is aware of her imagery—she has
access to the way it appears and feels and can easily report on it.

Of course, this does not mean that there are no constraints on what can be imag-
ined or how mental imagery can be manipulated. Quite the opposite, actually,
is the case: there seem to be clear limits on what people can imagine and also on
the ways in which they can manipulate what they imagine in their mental rehears-
als (Parsons 1987; Vargas et al. 2004; Fourkas et al. 2006; Borst et al. 2011). In
the case of skill, I'd suggest that limits on the nature and transformation of mental
imagery results from the actual shape and structure of the motor-modal representa-
tions which ground mental practice, and which, as I've argued, have been acquired
through experience and are also involved in the guidance of actual action. Accord-
ingly, there should be things that one cannot imagine or cannot imagine in a great
amount of detail, or can only imagine with a great deal of difficulty because those
transformations are in tension with the structure of action schemas that ground the
very imagery that one is using and manipulating in mental practice. Still, despite
having some limits on the degrees of freedom available to imagination, mental prac-
tice remains solidly something that the agent does. As with physical action, we do
not require universal, unhindered freedom to attribute agency. This itself is good
reason to think of action schemas as personal-level representations.

5.2 Mental practice, anticipation, and a connection to declarative knowledge

A second reason to think that action schemas are best construed as personal-level
structures comes from empirical evidence suggesting that an important benefit of
mental practice is improved anticipation of action. Combining this finding with evi-
dence of anticipation as an explicit, personal-level, declarative phenomenon gives us
another reason to think of the action schemas that are refined through mental prac-
tice as practical plans that are available to the agent for reasoning and control.

A nice example of the kind of improvement in anticipatory movement, which
results from mental practice can be seen in a study by Bernardi et al. (2013). When
studying the effects of mental practice on skilled piano performance, Bernardi et al.,
found that mental practice using acoustic and motor imagery induced improvements
in both movement velocity and movement anticipation (see also: Keller and Koch
2006, 2008; Keller et al. 2010). That is, piano players who engaged in a proscribed
regimen of mental practice developed an earlier peak of movement velocity (that is,
the movement was executed earlier—not just faster), they benefited from a clear pre-
arrangement of the wrist (in expectation or anticipation of the following notes that
would be played by the fingers), greater coordination of the two effectors involved
(the wrist and the fingers)—that is, with practice, the movements of fingers and
wrist did not just co-occur but developed a pattern of co-articulation that optimized
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the movement. This pattern is attributed to improvements in anticipation and prepa-
ration of the subsequent movements in the practiced sequence of notes.

What I'd like to suggest is that this kind of anticipatory benefit that improves
movement dynamics is likely the result of improvements to the practical plan gov-
erning action. That is, improvement of anticipation that results from mental practice
results from a more accurate and better-organized representation of the plan speci-
fying the skilled action. This is a plausible interpretation since anticipatory move-
ments are linked with declarative knowledge and explicit representation of action.
Specifically, when a sequence is learned explicitly, agents will shift from a reaction
time mode to an anticipatory mode of action and response initiation (Ghilardi et al.
2003, 2007, 2009). As such, “correct anticipatory movements constitute a reliable
measure of explicit learning”. Since my contention is that practical intentions are
embodied, personal-level plans, improvements in movement anticipation support
the general picture of practical intentions as explicit modal-motor plans that guide
actions and are developed as a result of mental practice.

5.3 Cognitive representation of action

One last consideration which counts in favor of thinking of improvements in skill
at the strategic level as changes to practical, personal-level, motor-modal plans,
i.e., changes in the action schemas guiding skilled action, comes from a research
program that has been developed by Thomas Schack. In a series of studies (Schack
2004a, b, 2010, 2012; Schack and Mechsner 2006; Schack and Ritter 2009; Schack
et al. 2014) has shown that there are systematic differences in the cognitive repre-
sentation of skilled actions between experts and non-experts. This is done through
a method called SDA-M (structure-dimensional analysis-of mental representations),
which is used to analyze the complex cognitive representations that agents have of
their skilled actions (Schack 2004a, 2010). The method begins by presenting partici-
pants at different levels of skill with photographs capturing time-slices of the most
basic action elements composing the skill, elements that Schack calls Basic Action
Concepts (BACs). The initial segmenting of the action and identification of BACs
is done through a combination of biomechanical methods of functional movement
analysis, interviews, and experimental Reaction Time (RT) studies. Participants are
then asked to judge how “functionally close” various pictures depicting the sequence
elements of the skill are to one another. Specifically, a BAC picture is presented
as fixed on a screen while the other BAC images are shown and individual BACs
are highlighted. Participants then have to decide on the functional proximity of the
highlighted BAC to the fixed BAC. That is, participants must identify which of the
BACs would be closer or further apart in the sequence of skill execution. Next, “a
hierarchical cluster analysis is used to transform the sets of BACs into a hierarchi-
cal structure. Third, a factor analysis reveals the dimensions in the structured set of
BACs and, fourth, the cluster solutions are tested for invariance within or between
groups” (Schack et al. 2014, p. 3).

To see more precisely how the method works, let us start with an example. A
tennis serve, for instance, will consist of 3 distinct action phases that incorporate 11
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BACs. The phases are the preparation, impact, and final swing. And those phases
consist of various basic action elements, BACs, such as the ball throw, bending the
knees, bending the elbow, hitting point, and follow through. The participants would
then have to respond by comparing the functional proximity of various stages of the
serve. E.g., they would have to say how close the ball throw is to the bending of the
knees and then to compare the ball throw to the hitting point, and so on.

Now, when asking skilled and unskilled agents to evaluate the degree of proxim-
ity between BACs, Schack has found systematic differences in the organizing knowl-
edge of experts and novices. Expert representations have a distinct hierarchical
structure, they are well matched for the actual biomechanical demands of the task,
there is a large amount of similarity between expert responses, and, lastly, those
responses are based on deep functional features of the movements. In contrast, the
novice understanding of the skilled action is not clearly structured into phases, the
BACs are more or less flat, the representations are not well-matched for the actual
biomechanical constraints of the task, there is a lot of diversity between the judg-
ments of novices, and the judgments are based on superficial features of the task.

The first thing to notice is that the mental representation of movements are struc-
tured in much the same way as actual movements. That is, clusters of action and
mental representation of action are structurally complex, spatially distinct, tempo-
rally ordered, etc. Further, it’s important to note that mental representations of the
kind Schack explores are closely tied to performance. That is, agents with more
accurate, more hierarchically structured representations of the skill are those who
are best at performing the skill. Strikingly, we see improvements in observation-
based structural judgments about skills not only as a result of actual physical prac-
tice but with mental practice as well (Schack et al. 2014; Velentzas 2010). That
is, after rehearsing one’s own performance using mental imagery, we see clear
improvements in the structural representation of the skill in question. On the view
I’m advancing, this result of mental practice helps us to hone in precisely on the
strategic control that develops with skill learning. The strategic control that I’'ve sug-
gested functions as the practical intention guiding the skilled action.

This research is important because it helps us to see that improvements of skill
are often accompanied by more hierarchically organized and biomechanically
accurate representations of the practiced action. So, if experts and novices have
clear, systematic differences in their representations of actions and those repre-
sentations are used in guiding the planning and execution of the action, as motor
schema theory posits and as I’ve argued above, then we can see that skilled and
unskilled agents possess different practical plans organizing their skilled actions.
That is, experts and novices have distinct practical intentions or action schemas
governing their skills. To be clear, my suggestion is that if we accept that there
are structures like action schemas that both represent and guide action then the
cognitive representations that Schack probes are plausible candidates for those
structures. In short, if we accept that action schemas are structures that play the
role that I've suggested in skilled action then it is very likely that what Schack
examines through the SDA-M method is the change in action schemas that devel-
ops with expertise.
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Further, it’s important to notice that, according to Schack, the SDA-M method
is better able to probe the action-oriented knowledge of agents than introspec-
tive techniques since it is action-focused rather than self-focused.!! That is, the
answers subjects give concerning skill structure and organization are in response
to specific explicit instructions, conscious perceptions, and personal-level judg-
ments but they are not self-reports. After all, the domain of inquiry and focus is
the skilled action itself and not the agent or her conception of the skill. As Schack
writes:

BACs do not refer to behavior-related invariant properties of objects, as in
the case in basic object concepts, but to perception-linked invariant proper-
ties of movements. According to the cognitive action architecture approach
(Schack 2010), mental representations are though to comprise of such pres-
entational units (i.e., BACs) and their structural relations to one another...
Various methods facilitate the study of knowledge-based mental representa-
tion of movements in LTM (for an overview, see Hodges et al. 2007). How-
ever, most of them focus on explicit knowledge and are non-experimental
(e.g., interviews, questionnaires, paper-and-pencil tests). As an experimen-
tal method that avoids introspective statements, Schack (2004a, 2010) intro-
duced the SDA-M method. This method provides psychometric data on
mental representations of complex movements and as such permits investi-
gating the status and change of structures of mental movement representa-
tions” (Schack et al. 2014, p. 2).

Still, its crucial to emphasize that it is personal-level judgments that allow Schack
to reconstruct the agent’s representation of a skilled action. That is, novices and
experts view pictures and make judgments about how the time-slice pictured is
related to other specific portions of the skill. The method assumes that agents have
access to the scene that they are viewing and also to the judgments that they are
reporting. The judgments are not about oneself and thus they are not introspective
judgments but nonetheless the judgments are provided by agents based on their own
perceptions and understanding of the skill.

As such, they are clearly personal-level judgments. Accordingly, we have rea-
son to not only think that action schemas, that is, motor-modal practical plans that
guide skill, improve with practice but also to conceive of these plans as accessi-
ble to the agent for reasoning, judgment and deliberation. These practical plans, as
I’'ve construed them, are plans of the agent and not of a subsystem of the agent.
And it seems to me that the considerations regarding the agentive nature of mental
practice coupled with empirical evidence concerning the anticipatory improvements
and changes in cognitive representation that result from mental practice all point to
the same place: action schemas are practical, motor-modal, personal-level plans or

" In this way, Schack is clear that this method is not primarily concerned with knowledge about the skill
but with the practical, perceptual-cognitive representations that agents use to organize their skills. See
especially, Schack and Mechsner (2006, p. 77).
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intentions which improve through practice and are responsible for the strategic con-
trol characteristic of skilled action.

6 Conclusion

To conclude, I have argued that the best way to understand the strategic control of
skilled action is by appeal to action schemas that are learned through practice and
which constitute practical intentions, when an agent commits to them. I have relied
on evidence from the literature on mental practice to argue that action schemas are
information and control structures that are both perceptual and rational in nature. [
have argued that such structures are both personal-level and embodied and that they
guide skill insofar as they contain a crucial anticipatory component. This is an unu-
sual hypothesis that cuts across the orthodox categories with which we commonly
sort mental representations. As such, I see this as the fist step in exploring and estab-
lishing the nature, function, and payoff of such control structures.
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