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Abstract

Skilled motor performance is essential in sports, the performing arts, various occupations, and many daily activities.
Scientists and practitioners alike are therefore interested in understanding the conditions that influence the performance
and learning of movement skills, and how they can be utilized to optimize training. In OPTIMAL theory, three
motivational and attentional factors are key: enhanced expectancies for future performance, the performer’s autonomy,
and an external focus of attention. We review recent evidence suggesting that each factor contributes independently
to strengthen the coupling of goals to actions. This work has implications ranging from fostering more effective skill
development in novice learners, to increasing the efficiency of athletes” and musicians’ performance, and to facilitating
the success of patients in regaining functional capabilities.
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Motor skills are foundational to many human activities
in daily life, whether ordinary or extraordinary. Profi-
cient movers may not consciously entertain thoughts
about how to move; rather, their thoughts are directed
to their goals in moving, and to strategies to achieve
those goals, or indeed to other tasks altogether. Move-
ment capabilities are often taken for granted until new
skill or technique is needed or fundamental skills are
lost through injury or illness and motor relearning must
occur (Winstein et al., 2014). Skilled movement entails
linked mind, brain, and muscular activity in the form
of functional neural connectivity or cognitive-motor
patterns that are produced with a high degree of accu-
racy, consistency, efficiency, and often creativity, some
prior to the detectable initiation of movement itself
(Giboin et al., 2019; Milton et al., 2007). With increasing
skill, movement goals are achieved with greater preci-
sion and reliability, and movements are performed more
fluently and with less physical effort. In addition, men-
tal effort is reduced as movement control becomes
more automatic so that at least some of the available

attentional resources can be directed elsewhere (e.g.,
game strategy, artistic expression).

Traditionally, theoretical perspectives in the field of
motor learning have not incorporated motivational or
attentional factors, instead characterizing learning as a
matter of computer-like information processing. A view
that has long dominated the discourse in the motor-
learning literature is that skill learning is enhanced by
repetition or practice that is challenging and effortful.
Making feedback less “useful” during practice, making
movement planning more difficult by creating contextual
interference, or reducing guidance tends to result in
degraded performance during practice, yet the long-term
benefits of the imposed challenges relative to “easy”
practice conditions are reflected in enhanced learning.
The deeper processing of information necessitated by
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Fig. 1. Schematic of the Optimizing Performance Through Intrinsic Motivation and Attention for
Learning (OPTIMAL) theory (Wulf & Lewthwaite, 2016). Conditions that provide the performer with
a sense of autonomy, enhance expectancies for future performance, and encourage an external focus
of attention facilitate goal-action coupling by keeping the performer’s attention directed at the task
goal and reducing a detrimental self-focus. The resulting successful motor performance and ease of

movement further contribute to learning.

more difficult practice conditions is assumed to be
responsible for those benefits (see Schmidt et al., 2019).
Similarly, the development of (motor) expertise is often
seen as necessitating extensive deliberate practice that
requires intense effort and may not be inherently enjoy-
able (Ericsson et al., 1993). The repetitive practice of
musical scales, tennis serves, or agility drills, over many
years, are examples of such deliberate practice. Such
effort is thought to drive neuroplasticity and lay down
brain structures that support movement production. Thus,
the relative effortlessness that characterizes skilled per-
formance is—somewhat paradoxically—assumed to be
acquired with more, rather than less, effort. The influ-
ences of cognitive and affective motivation on perfor-
mance and learning have been generally downplayed.
Furthermore, it has been assumed that novice learners
need to consciously control their movements and con-
centrate on body movements until, eventually, movement
control becomes automatic. Similarly, if experienced or
expert performers want to make a change to their tech-
nique, it is often believed that effortful, conscious control
of the new movement pattern is required until automatic
processes take over.

OPTIMAL Motor Learning

These views have, to some extent, been changing in
recent years. For example, it has become clear that—
rather than effort, challenge, or task difficulty alone—
success with challenge is critical for optimal skill

acquisition. Also, concentrating on body movements
(an internal focus of attention) has been shown to be
detrimental at any stage of learning, whereas external
attentional focus on the intended effect of movement
is beneficial. Given considerable recent advances in the
field of motor-skill learning, we proposed a motor-
learning theory that takes into account motivational and
attentional influences associated with practice and per-
formance conditions: the OPTIMAL (Optimizing Perfor-
mance Through Intrinsic Motivation and Attention for
Learning) theory (Wulf & Lewthwaite, 2016). According
to the theory, three factors, represented in many forms
or operationalizations, are key to optimal performance
and learning: enhanced expectancies for future experi-
ence or performance success, support for the learner’s
autonomy, and an external focus of attention (see
Fig. 1). All three factors have been shown to affect the
neural and neuromuscular system and to have impacts
on movement effectiveness, efficiency, and automaticity.
These influences have immediate effects on perfor-
mance, and also result in longer-term advantages for
motor-skill learning (as measured by delayed retention
or transfer tests). Here we review some recent findings
related to each factor.

Enbanced expectancies

Individuals’ prospective beliefs about their future expe-
riences or performance—their outcome and personal-
performance (self-efficacy) expectancies—have been
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prominent in many cognitive-motivational theories (cf.
Bandura, 1977). Not only do expectancies regulate
effort, attention, and behavioral investment, but, in
OPTIMAL theory, they are thought to signal the extent
of anticipated reward associated with upcoming experi-
ence in valued movement contexts. Anticipated reward
triggers the release of dopamine in regions of the brain
rich in dopamine neurons and important in the motor
system (Jenkins & Walton, 2020; Manohar et al., 2015;
Wise, 2004).

Expectancies can be enhanced in various ways. Out-
come expectancies can be influenced by placebos and
evidence-based assumptions about the likelihood of
relevant effects. Personal-performance expectancies
accrue both from beneficially interpreted histories of
performance accomplishments and from experimental
manipulations, such as the provision of (false) positive
social-comparative feedback indicating that a partici-
pant is outperforming others (Lewthwaite & Wulf, 2010;
Stoate et al., 2012) or of illusions of relative task ease
(Chauvel et al., 2015). Practically, there are many approaches
to promoting positive outcome expectations or building
confidence that rely on generating and interpreting
performance accomplishments. For example, how a
coach, instructor, physical therapist, or self-directed
performer defines task success can enhance perfor-
mance expectancies.

Setting short-term performance goals that can gener-
ate a sense of progress is as central in the movement
domain as in other arenas of functioning. Creating an
early perception of accomplishment, such as that seen
when a liberal definition of task success is applied by
the instructor, appears to be important. For example,
Ziv and colleagues (2019) asked novice participants to
putt standard golf balls to a small target on an indoor
putting green. Participants were told that landing a
putted ball within a circle around the target should be
considered success. They were randomly assigned to
experimental groups with either a larger circle or a
smaller circle surrounding the target or to a control
group without a circle. The group that practiced with
the larger circle, and therefore experienced more “suc-
cess” in practice, performed best 2 days later during a
transfer test with a new putting distance. Providing
feedback about better rather than poorer trials (Badami
et al., 2012) or suggesting that a task is learnable or
that peers perform well on a given task (Wulf et al.,
2012) can enhance performers’ self-efficacy beliefs and
result in better performance or learning than is achieved
when no such information is provided. It is likely that
there would be little anticipated reward for a task that
is too easy (boring) or too hard (frustrating); rather, it
is when effort is required (the task is relatively chal-
lenging) and success can be envisioned, and valued,

that positive expectancies would portend reward.
Another way to enhance expectancies is to provide
learners with evidence or acknowledgment of their
essential agency in behavior and performance.

Autonomy support

Giving performers the opportunity to make even small
choices or to exercise some modicum of control over
their actions can heighten expectancies. Conditions
providing support for participants’ autonomy have been
shown to enhance motor performance and learning
compared with no-choice control conditions in which
participants are required to perform under predeter-
mined conditions (most typically, those conditions are
determined by the choice made by a yoked counter-
part). The nature of the choice that participants are
provided does not seem fundamental to the effects of
choice (Wulf, Iwatsuki, et al., 2018). That is, whether
the choice is relatively substantial, small, or even inci-
dental and unrelated to the task at hand may not
be key to its effectiveness (for a review, see Wulf &
Lewthwaite, 2016). In early studies, researchers tended
to examine the effects of more significant choices, such
as allowing learners to decide when to receive feed-
back, when to use assistive devices for balance, when
to watch a demonstration of the skill, or how much to
practice. In more recent years, studies have included
smaller choices or even ones that were ostensibly irrel-
evant to the task. Small choices can involve the color
of objects to be used, the order in which participants
perform different tasks, or which pictures to view while
performing. In one study (Lewthwaite et al., 2015),
incidental choices such as voicing an opinion as to
which of two prints (of paintings by the artist Renoir)
should be hung on the lab wall, or which of two tasks
to perform next, led to enhanced learning of the pri-
mary balance task. Autonomy support provided through
learner choice or instructional language free of coer-
cion can lead to increased movement accuracy, better
balance, maximum force production, reduced oxygen
consumption for a given task intensity, and more effi-
cient muscle activation patterns (Iwatsuki et al., 2021).

External focus of attention

What performers concentrate on while preparing for
and executing a motor skill matters; what target one
intends to hit, rather than how to move the body to
achieve it, affects success. A considerable literature
examining the role of attentional focus on motor per-
formance and learning has accumulated over the past
two decades (Chua et al., in press; Wulf, 2013). This
line of research has demonstrated that an external
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Fig. 2. Increase in maximum vertical jump height, relative to base-
line, across consecutive blocks for the optimized and control groups
in Chua et al.’s (2018) study. Error bars represent £1 SE.

focus of attention, or concentration on the intended
effect of the movement (e.g., planned trajectory of a
ball, stability of a balance platform, sound to be pro-
duced), results in better performance and learning than
does an internal focus, or concentration on body move-
ments. The benefit of external focus is consistent across
types of skill, levels of expertise, ages, and health or
clinical status.

The effectiveness of movements is reflected, for
instance, in accuracy in hitting a target, deviations from
a balanced position, quality of movement form, or
musical performance. In one study (Mornell & Wulf,
2019), skilled musicians immediately showed superior
performance with respect to both technical precision
and musicality when they were asked to focus on the
expressive sound of the music (external focus) rather
than the precision of their finger movements (internal
focus). In another study (Wulf & Su, 2007), novice and
expert golfers hit the target more accurately when they
were asked to concentrate on the swing of the club
(external focus) rather than the swing of their arms
(internal focus).

Movement efficiency, as measured by oxygen con-
sumption, timing of muscular activity and cocontrac-
tions, movement fluidity, or stamina in motor activities
such as weight lifting, also benefits from an external
rather than internal focus. In addition, movements are
controlled more automatically when performers adopt
an external focus (e.g., Kal et al., 2013).

External foci “located” at greater distances from the
body (distal foci) tend to be more effective than foci in
close proximity to the body (proximal foci), perhaps
because they are more easily distinguishable from the
body movements that produce them. Benefits of more
distal external foci are seen across the performance
spectrum; for example, they are seen in both movement
accuracy (e.g., Bell & Hardy, 2009) and movement

efficiency (e.g., Banks et al., 2020). Yet the optimal
distance of the external focus appears to depend on
skill level; specifically, performers with more expertise
benefit from a distal focus, but for novices, a proximal
focus can be more effective (Singh & Wulf, 2020).

Additive Benefits of the Three Factors

Recent studies have demonstrated that the key factors
in the OPTIMAL theory not only augment performance
and learning individually, but also can have additive
benefits. Conditions including combinations of two fac-
tors resulted in greater advantages for performance or
learning than those that included only one of these
factors, or none, and the presence of all three factors
enhanced learning to an even greater extent than did
combinations of two factors (Wulf, Lewthwaite, et al.,
2018). An example of an integrated “optimized” instruc-
tion might be: “Research has shown that people do
better [enhanced expectancies] when they focus on
keeping the paddleboard horizontal (rather than on
their feet) [external focus]. Would you like to try that
[autonomy support]?”

Moreover, even when the three factors are imple-
mented in successive blocks of trials—in any order—
immediate performance can increase with the addition
of another factor. Figure 2 shows the increase in maxi-
mum vertical jump height, relative to a baseline block,
of two groups across consecutive blocks of five trials
(Chua et al., 2018). Before each block, participants in
the optimized group were given specific instructions
that were designed to provide autonomy support
(choice of the figure on the ground from which to
jump—red triangle, green square, or blue pentagon),
enhance their expectancies (i.e., positive feedback), or
promote an external focus (concentration on upward
motion of a spherical marker attached to their waist).
The order of these instructions was counterbalanced
across participants. Participants in the control group
performed all blocks under the same (control) condi-
tion. In one block, they were assigned the jump figure
that their yoked counterpart had chosen. As the figure
shows, across trial blocks, the optimized group consis-
tently increased their maximum jump heights, whereas
no increase was seen for the control group. Thus, per-
formance was enhanced by each factor in an incremen-
tal fashion, which suggests that each makes a unique
contribution to performance.

Goal-Action Coupling

We (Wulf & Lewthwaite, 2016) suggested that practice
conditions that include the three key factors in the
OPTIMAL theory contribute to goal-action coupling
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(see Fig. 1), or the fluidity with which movement intent
is translated into neuromuscular activation. Increases
in movement efficiency as a result of any of the three
factors—enhanced expectancies (e.g., Stoate et al.,
2012), autonomy support (e.g., Iwatsuki et al., 2021), or
an external focus (e.g., Lohse et al., 2011)—may reflect
the relative ease of making fluid large-scale and well-
timed linkages (i.e., functional connectivity) among task-
relevant motor networks and disconnecting from
unprofitable networks (e.g., Giboin et al., 2019; Milton
et al., 2007). Dopamine release resulting from rewarding
positive experiences strengthens neural connections and
is believed to be a mechanism underlying motor learning
(Wise, 2004). Successful performance would be expected
to enhance expectations, as would autonomy support
(Leotti & Delgado, 2011). These positive experiences are
often rewarding. Moreover, an external focus appears to
clarify neuromuscular coordination by suppressing
unnecessary neural activity (Kuhn et al., 2018) and mus-
cular cocontractions (e.g., Lohse et al., 2011). The result-
ing ease of movement and effective performance likely
increase learners’ performance expectancies and facili-
tate successful (i.e., rewarding) future performance. We
assume that under optimal motivational (enhanced
expectancies, autonomy) and attentional (external focus)
conditions, performers are able to focus with clarity on
their action goal, while reducing a detrimental self-focus
or engagement in other off-task activities (Fig. 1).

Relation to Other Theoretical Perspectives

A number of psychological theories, including self-
efficacy theory (Bandura, 1977) and self-determination
theory (Ryan & Deci, 2000), have centrally incorporated
motivational constructs—expectancies, or closely
related perceptions of competence—as determinants of
behavior. OPTIMAL theory recognizes the role of antici-
patory beliefs and anchors some of the effects of such
beliefs in neural activity, as well as cognitive pathways.
Across human endeavors, support for an individual’s
agency, or autonomy, benefits task engagement, per-
sistence, and well-being (Langer & Rodin, 1976; Ryan
& Deci, 2000). OPTIMAL theory capitalizes on the
empirical literature generated by these perspectives.
Further, ideomotor theory’s assumptions about the
natural governance of selection, planning, and initiation
of voluntary action by its effects (Pfister, 2019) are
consistent with the focus-of-attention literature and
intervention strategies that emphasize the superiority
of an external focus in motor performance. However,
because ideomotor theory is rather abstract, it does not
specifically predict the differential learning effects of
external versus internal attentional foci or explain the
mechanisms underlying these differential effects.

Motivational theories were not designed to explain
movement production or foundational qualities of
movement accuracy, force, velocity, or form, but rather
were directed at whether or not a behavioral action was
executed at all or which of several fixed responses (e.g.,
a left or right button push) was chosen. Researchers
may have assumed that motivational variables would
exert influence only over longer time frames as a func-
tion of behavioral persistence. Alternately, they may not
have contemplated that motivation would be reflected
within the movement form itself. Or, in the case of
expectancy-related theories, motivational theorists may
have considered the movements involved to be inci-
dental to other outcomes of interest. But tests of
OPTIMAL theory and current capabilities for sensitive
measurement of movement features (e.g., velocity,
force, accuracy, kinematic aspects of motion and bal-
ance, electromyographic and neurocortical elements)
can reveal the subtle impacts of motivational and atten-
tional influences on human behavior, extending insights
that have been limited to larger-scale outcomes, such
as well-being and social development, or that have
been blocked by the black box of cognitive activity.
One such insight concerns the potential of opportuni-
ties for ostensibly minor (benign or small) choices,
rather than those that are of greater magnitude and
perhaps more philosophically informed. Small or inci-
dental choices can involve several good options and
thus obviate instructors’ fears that learners will make
poor choices, because, for example, unsafe or ineffec-
tive options need not be among those offered. Another
practical insight pertains to the rewarding value of shar-
ing with participants measurements of their progress,
such as timed performance or counts of activity, which
can enhance their expectancies. Further, cognitive and
self-regulatory training regimen may owe some of their
success to boosts in expectancy and reward (Long
et al., 2020).

Conclusions

In many practical settings, teachers, coaches, and reha-
bilitation therapists often decide which tasks they want
learners to practice, provide feedback in an attempt to
correct faulty movement patterns, and give instructions
that refer to body movements. Thus, they do not rec-
ognize or support performers’ need for autonomy, often
neglect to enhance learners’ expectancies, and often
induce an internal focus of attention. The result of such
an approach can be limited or negative expectations,
a heightened self-focus, and reduced capacity to focus
on the task goal. Resulting poor performance or limited
improvement might lead to decreases in confidence
and heightened self-focus. Potentially, a vicious cycle
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of less-than-optimal performance and learning may lead
to a lack of interest and reduced effort in practicing or
learning new skills.

In an OPTIMAL scenario, small and often subtle con-
tributions of an instructor would include providing
learners with choices, such as giving them feedback at
their request; emphasizing good aspects of perfor-
mance while occasionally ignoring mistakes; and direct-
ing attention externally to the task goal. Enhanced
expectancies and perceptions of autonomy would likely
increase learners’ self-efficacy. Combined with an exter-
nal focus of attention, these conditions should facilitate
movement success. The result may be a virtuous cycle
with overall positive consequences for learning and
motivation. It is likely, although there is no direct ana-
logue for external focus in nonmovement contexts, that
systematic application of OPTIMAL factors, whether by
instructors or by the performers themselves, would ben-
efit both motor and nonmotor (e.g., cognitive and self-
regulatory) performance and learning activities.
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