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a b s t r a c t
We examined whether the combination of two factors that have
consistently been found to enhance motor learning – an external
focus (EF) of attention and autonomy support (AS) – would produce additive beneﬁts. Participants practiced throwing with their
non-dominant arm. In a 2  2 design, they were or were not asked
to focus externally (i.e., on the target), and were or were not given a
choice (autonomy support). The latter involved choosing 2 5-trials
blocks during practice on which they used their dominant arm. All
four groups – EF/AS, EF, AS, and C (control) – completed a practice
phase consisting of 60 trials. The distance to the target (bull’s eye)
was 7.5 m. One day later, participants performed retention (same
target distance) and transfer tests (8.5 m). Both external focus
instructions and autonomy support enhanced retention and transfer performance. Importantly, the combination of these factors
resulted in additive learning advantages. The EF/AS group showed
the greatest throwing accuracy, and the EF and AS groups outperformed the C group. In addition, self-efﬁcacy measured after practice and before retention and transfer was increased by both
factors. Thus, promoting an external focus of attention and supporting learners’ need for autonomy seem to independently inﬂuence learning.
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1. Introduction
In a new theoretical account of motor learning (Wulf, 2014; Wulf & Lewthwaite, 2014), two motivational (autonomy support, enhanced expectancies) and one attentional factor (external focus) are
considered key ‘‘ingredients’’ for successful learning. In recent years, these three variables – external-focus instructions or feedback (for a review, see Wulf, 2013), practice conditions that support
learners’ need for autonomy, typically termed self-controlled practice in the motor learning literature
(for reviews, see Sanli, Patterson, Bray, & Lee, 2013; Wulf, 2007b), and conditions that lead to
enhanced expectancies for future performance (e.g., Chiviacowsky & Wulf, 2007; Wulf,
Chiviacowsky, & Lewthwaite, 2010) – have consistently been shown to positively affect motor skill
learning. In two recent studies, we combined external focus instructions with enhanced expectancies
(Pascua, Wulf, & Lewthwaite, 2014), or autonomy support with enhanced expectancies (Wulf,
Chiviacowsky, & Cardozo, 2014). In both studies, combining the two factors produced additive advantages for learning. In the present study, we examined the third and last combination – an external
focus and autonomy support – to determine whether their combination would also yield greater
learning beneﬁts than each variable alone. If so, this ﬁnding would provide critical support for new
theoretical assumptions (Wulf, 2014; Wulf & Lewthwaite, 2014).
Adopting an external focus of attention (i.e., a focus on the intended movement effect) has reliably
been found to enhance learning relative to an internal focus on body movements or control conditions
(see Wulf, 2013). The performer’s attentional focus seems to fundamentally affect motor control processes and consequently performance and learning – independent of the type of task, the individual’s
skill level, age, or (dis)ability. More speciﬁcally, concentrating on the planned effect of one’s movements (e.g., on an implement), as opposed to body movement per se, promotes automaticity (e.g.,
Lohse, 2012; Wulf, McNevin, & Shea, 2001). This is evidenced, for example, by more effective dual-task
performance (Kal, van der Kamp, & Houdijk, 2013; Wulf, McNevin, & Shea, 2001), increased use of
reﬂexive movement adjustments (e.g., McNevin, Shea, & Wulf, 2003), and greater movement ﬂuidity
(Kal et al., 2013). The result is generally enhanced movement effectiveness (e.g., accuracy, balance)
and efﬁciency (e.g., muscular activity, oxygen consumption, heart rate) (see Wulf, 2013). In essence,
by adopting an external focus, learners reach a higher skill level sooner (Land, Frank, & Schack,
2014; Wulf, 2007a).
Autonomy-supportive practice conditions – that is, those in which participants are granted control
over certain practice conditions – have also been shown to beneﬁt learning in numerous studies (for
reviews, see Sanli et al., 2013; Wulf, 2007b). In the motor learning domain, these manipulations are
typically referred to as self-controlled practice. Motor learning has consistently been shown to be
enhanced by self-controlled practice conditions compared with yoked control conditions. In previous
studies, the variables participants were allowed to control have included, for example, the delivery of
feedback (Chiviacowsky & Wulf, 2002; Janelle, Barba, Frehlich, Tennant, & Cauraugh, 1997), use of
assistive devices (Chiviacowsky, Wulf, Lewthwaite, & Campos, 2012; Hartman, 2007; Wulf & Toole,
1999), practice amount (Post, Fairbrother, Barros, & Kulpa, 2014), or frequency of skill demonstrations
(e.g., Wulf, Raupach, & Pfeiffer, 2005). Interestingly, in separate lines of research in the social-psychological literature, ﬁndings show that providing individuals with task-relevant autonomy support can
result in superior (Wulf, Clauss, Shea, & Whitacre, 2001) outcomes when compared with conditions
that do not offer choices, or do not support participants’ need for autonomy. Lewthwaite and Wulf
(2012) ﬁrst pointed out those related ﬁndings in the social-psychological realm and the motivational
underpinnings of ‘‘self-controlled’’ practice. Being autonomous, that is, having choices and being able
to make decisions that affect one’s life, is considered a fundamental psychological need (Deci & Ryan,
2000, 2008). Autonomy-supportive conditions, in which individuals are given choices, have been
shown to increase individuals’ motivation and performance or learning in a variety of situations
(e.g., Reeve & Tseng, 2011; Wulf, Freitas, & Tandy, 2014). Interestingly, even apparently inconsequential choices can have a positive effect on learning (e.g., Tafarodi, Milne, & Smith, 1999). With respect to
motor learning, recent studies have supported the motivational interpretation by showing that even
relatively trivial choices, and those that are not directly relevant to task performance, can provide
learning beneﬁts (e.g., Wulf & Adams, 2014; Wulf et al., 2014). For example, in the latter study,
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allowing participants to choose the color of balls they were throwing led to more effective task learning than not giving them that choice.
Given the relatively strong impact each factor – external-focus instructions and autonomy-supportive practice conditions – has on learning, an important question is: would combining both factors
yield even greater advantages than each factor alone? It is conceivable that one variable is sufﬁcient to
produce optimal learning. Or, if one variable has a stronger inﬂuence than the other, adding one (e.g.,
autonomy support) to the other (e.g., external focus) may further promote learning, but not vice versa.
However, if both are essential and irreplaceable preconditions for optimal skill learning (Wulf, 2014),
one might see a double advantage relative to the presence of only one factor, or none. To examine this
issue, we used a factorial design in which we crossed external-focus instructions with autonomy support. This resulted in 4 groups: external focus/autonomy support, external focus, autonomy support,
and control groups. Participants practiced a novel motor task (i.e., throwing at a target with their nondominant arm). In the autonomy-supportive groups (external focus/autonomy support, autonomy
support), participants were allowed to choose 2 5-trials blocks out of 60 practice trials during which
they used their dominant arm. The external focus and control groups were yoked to these two groups,
respectively. An external focus was induced by asking learners to focus on the target (e.g., Pascua et al.,
2014). Learning was assessed by delayed retention and transfer tests.
Of additional interest was the question whether self-efﬁcacy, that is, a person’s conﬁdence in her of
his ability to perform a certain task successfully in the future (Bandura, 1977, 1997), might play a
mediating role in the effects, if any, of external focus instructions or autonomy support. The relation
between self-efﬁcacy and motor performance is well known (e.g., Feltz, Chow, & Hepler, 2008; for a
meta-analysis of 45 studies, see Moritz, Feltz, Fahrbach, & Mack, 2000), and self-efﬁcacy has been also
been shown to be a mediator of motor learning (e.g., Stevens, Anderson, O’Dwyer, & Williams, 2012).
In previous studies, both an external focus (Pascua et al., 2014) and autonomy support (Chiviacowsky,
2014; Hooyman, Wulf, & Lewthwaite, 2014; Wulf et al., 2014) increased learners’ self-efﬁcacy. Therefore, we wanted to examine whether self-efﬁcacy would be further increased by the presence of both
factors. We measured self-efﬁcacy before and after practice, as well as before the retention test. We
also performed regression analyses to examine possible relations between self-efﬁcacy, practice performance, and learning (i.e., retention and transfer performance).
To summarize, we hypothesized that an external focus and autonomy support would have additive
beneﬁts for motor learning (i.e., retention and transfer performance), as evidenced by main effects for
each factor. We also expected to see increases in self-efﬁcacy resulting from each factor (i.e., main
effects for each factor). Finally, we hypothesized that self-efﬁcacy at the end of practice and/or before
the retention test would predict learning.
2. Method
2.1. Participants
Sixty-eight university students (16 females, 52 males), with a mean age of 21.8 years (SD = 2.60)
participated in the study. None of them were ambidextrous (4 were left-handed). All were naïve as
to the purpose of the experiment. Before participating in the study, all participants signed an informed
consent form, which was approved by the university’s institutional review board.
2.2. Apparatus and task
Participants were asked to throw beach-tennis balls (5.5 cm in diameter) overhand at a target,
using their non-dominant arm. The target was hung in a net (2.4  2.4  1.0 m). It consisted of a bull’s
eye with a 20-cm radius, which was surrounded by 9 concentric circles (see Fig. 1). The center of the
bull’s eye was 1.2 m above the ground. The concentric circles had radii of 20, 30, 40 . . . and 100 cm.
One hundred points were awarded when the ball hit the bull’s eye. Ninety points were given for hitting the next circle, and so forth. If a ball hit a line separating two zones, the higher score was awarded.
Throws that completely missed the target were given 0 points. The distance of the target was 7.5 m
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Fig. 1. Experimental set-up.

during pre-test, practice phase and retention test, and 8.5 m on the transfer test. The experiment was
conducted in an indoor gym.

2.3. Procedure
Before the beginning of the practice phase, participants received basic instructions for the overhand
throw with the non-dominant arm (e.g., stay behind the line, throw with the left arm, take a step forward with the right foot) and one demonstration by the experimenter. Handedness was determined
by asking participant which hand they typically used to throw balls (e.g., handball, basketball). Participants ﬁrst performed a 5-trial pre-test. This was followed by the practice phase, which consisted of 6
blocks of 10 practice trials, with 2-min rest period between blocks. After each block, participants were
given feedback about their average accuracy score on that block. Participants were randomly assigned
to one of four groups: external focus and autonomy support (EF/AS), external focus (EF), autonomy
support (AS), or control (C) groups. In the groups that involved an external focus (EF/AS, EF), participants were instructed (or reminded) before each 10-trial practice block to concentrate on the target.
Furthermore, all participants were informed that occasionally using the dominant arm for throwing
would help them learn to throw with the non-dominant arm. However, only in the groups that
included autonomy support (EF/AS, AS) were participants provided the opportunity to choose 4 5-trial
blocks, out of their 60 practice trials, on which they used their dominant arm. EF group participants
were yoked with EF/AS participants, and C group participants were yoked with the AS group with
regard to those blocks. Before the beginning of the practice phase, participants were informed that
they would only use their non-dominant arm on Day 2. One day later, participants performed retention and transfer tests, which consisted of 10 trials each. No instructions or feedback were provided,
and participants only used their non-dominant arm on the retention and transfer tests.
Participants were asked to complete self-efﬁcacy rating scales after the pre-test, after the practice
phase, and prior to the retention test on the following day. They rated their conﬁdence, on a scale from
1 (not conﬁdent at all) to 10 (extremely conﬁdent), that they would be able to achieve an average
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score of 50, 60, 70, or 80 ‘‘on the last 10 trials today’’ (after the pre-test), ‘‘tomorrow’’ (after practice),
or ‘‘today’’ (before the retention test).
2.4. Data analysis
Accuracy scores on the pre-test were averaged across 5 (pre-test) or 10 trials (practice, retention,
transfer), respectively. The pre-test data were analyzed in a 2 (EF: yes, no)  2 (AS: yes, no) analysis of
variance (ANOVA). The practice data were analyzed in a 2 (EF)  2 (AS)  6 (block) ANOVA with
repeated measures on the last factor, while the retention and transfer data were analyzed in 2
(EF)  2 (AS) ANOVAs. Self-efﬁcacy scores were averaged across the 4 questions (i.e., score of 50,
60, 70, 80) and analyzed separately in 2 (EF)  2 (AS) ANOVAs for each phase. We conducted simple
linear regression analyses to determine relations between self-efﬁcacy, end-of-practice performance
(block 6), and retention and transfer test performance.
3. Results
3.1. Throwing performance
The 4 blocks of 5 consecutive trials on which participants used their dominant arm were relatively
evenly distributed across the practice phase and did not differ much among groups. The EF/AS and
(yoked) EF groups had, on average, 2.0 dominant-arm blocks in each of the ﬁrst and second half of
the practice phase, while the AS and (yoked) C groups had an average of 2.12 and 1.88 blocks in each
half, respectively.
All group performed similarly on the pre-test (see Fig. 2). There were no differences among groups.
The main effects of EF and AS were not signiﬁcant, Fs (1, 64) < 1. Also, there was no interaction of EF
and AS, F (1, 64) < 1.
During the practice phase, throwing accuracy increased across blocks. The EF/AS group tended to
have the highest accuracy scores, while the C group demonstrated the lowest scores. The main effect
of block, F (5, 320) = 3.02, p = .011, gp2 = .045, was signiﬁcant. The main effects of AS, F (1, 64) = 5.70,
p < .05, gp2 = .082, was also signiﬁcant, while the main effects of EF, F (1, 64) = 3.60, p = .06, was only
marginally signiﬁcant. There was no interaction of EF and AS, F (1, 64) = 1.02, p > .05. Also, none of the
other interactions were signiﬁcant.
On both the retention and transfer test, the EF/AS group showed the highest throwing accuracy,
while the EF and AS groups had intermediate scores, and the C group had the lowest scores. On the
retention test, the main effects of both EF, F (1, 64) = 13.31, p < .001, gp2 = .172, and AS, F (1,

Fig. 2. Throwing performance of the four groups on the pre-test, during practice (Day 1), and on the retention and transfer tests
(Day 2). Note: Error bars indicate standard errors.
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Fig. 3. Self-efﬁcacy scores after the pre-test, after practice (Day 1), and before retention and transfer (Day 2). Note: Error bars
indicate standard errors.

64) = 6.98, p < .01, gp2 = .098, were signiﬁcant. There was no interaction of EF and AS, F (1, 64) < 1. On
the transfer test, the main effects of EF, F (1, 64) = 4.07, p < .05, gp2 = .060, and AS, F (1, 64) = 7.26,
p < .01, gp2 = .102, were also signiﬁcant, while the interaction of EF and AS was not signiﬁcant, F (1,
64) < 1.
3.2. Self-efﬁcacy
There were no group differences in self-efﬁcacy after the pre-test (see Fig. 3). The main effects of EF,
F (1, 64) = 1.75, p > .05, and AS, F (1, 64) < 1, were not signiﬁcant. Also, there was no interaction of EF
and AS, F (1, 64) < 1.
At the end of practice, self-efﬁcacy was increased by EF or AS. The highest self-efﬁcacy was seen in
the EF/AS group, and the lowest in the control group. The main effects of both EF, F (1, 64) = 6.51,
p < .05, gp2 = .092, and AS, F (1, 64) = 4.97, p < .05, gp2 = .072, were signiﬁcant. The AS  EE interaction
was not signiﬁcant, F (1, 64) < 1.
This pattern of results was also seen before the retention and transfer tests on Day 2. The main
effects of EF, F (1, 64) = 5.09, p < .05, gp2 = .074, and AS, F (1, 64) = 8.61, p < .05, gp2 = .119, were significant. There was no interaction between EF and AS, F (1, 64) = 3.02, p > .05.
3.3. Regression analyses
End-of-practice performance (practice block 6) predicted self-efﬁcacy after practice, F (1,
66) = 5.90, p < .05, Adjusted R2 = .068, b = .286, but not before the retention test, F (1, 66) = 2.30,
p > .05, Adjusted R2 = .019, b = .183. Self-efﬁcacy after practice, F (1, 66) = 6.65, p < .05, Adjusted
R2 = .078, b = .303, and before retention, F (1, 66) = 5.74, p < .05, Adjusted R2 = .066, b = .283, predicted
retention performance. Similarly, self-efﬁcacy after practice, F (1, 66) = 4.61, p < .05, Adjusted R2 = .051,
b = .256, and before retention, F (1, 66) = 5.05, p < .05, Adjusted R2 = .057, b = .267, was a predictor of
transfer performance. Finally, retention performance predicted transfer test performance, F (1,
66) = 24.75, p < .001, Adjusted R2 = .262, b = .522.
4. Discussion
Instructions to focus externally on the target (EF) and supporting learners’ need for autonomy (AS)
each beneﬁtted learning. More importantly, the combination of the two factors (EF/AS) produced even
greater learning advantages (i.e., retention and transfer test performance) than did each factor alone.
Even though accuracy scores were generally somewhat lower on the transfer test due to the greater
target distance relative to the retention test, the overall pattern of results was similar on both tests
of learning. The EF/AS group demonstrated the greatest accuracy, while the control group was least
accurate. Having only one factor (EF or AS) yielded similar and intermediate beneﬁts for learning.
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Furthermore, both factors inﬂuenced performance during practice, and this performance affected
learners’ self-efﬁcacy. Self-efﬁcacy in turn was a predictor of motor learning.
In the present study, we used the same task as in two previous studies (Pascua et al., 2014; Wulf
et al., 2014) in which we examined the two other combinations of three important learning variables
(i.e., external focus, autonomy support, enhanced performance expectancies). Interestingly, all three
studies yielded a very similar pattern of results. Combing an external focus with enhanced expectancies (positive social-comparative feedback) produced additive beneﬁts (Pascua et al., 2014). That is,
each factor alone enhanced learning to a similar degree compared with a control condition, but the
presence of both factors essentially doubled the beneﬁt. Similarly, the combination of autonomy support (choice of ball color) and enhanced expectancies resulted in additive learning beneﬁts relative to
each factor alone or a control condition which produced the least effective learning (Wulf et al., 2014).
It is also interesting to note that in all three studies, learners’ self-efﬁcacy was enhanced by each factor, but self-efﬁcacy was highest in the ‘‘combined’’ groups. While associations of self-efﬁcacy and
motor performance are well known (e.g., Feltz et al., 2008; Moritz et al., 2000), it is becoming increasingly clear that practice conditions that tend to increase self-efﬁcacy also promote learning (see also,
Chiviacowsky, Wulf, & Lewthwaite, 2012; Hooyman et al., 2014; Ste-Marie, Vertes, Law, & Rymal,
2013; Stevens, Anderson, O’Dwyer, & Williams, 2012) (see below for further discussion).
The learning advantages associated with an external focus of attention have been attributed mainly
to the automaticity in movement control resulting from a concentration on the intended movement
effect and away from body movements (see Wulf, 2013). Without explicit external focus instructions,
learners tend to focus internally (e.g., Land, Tenenbaum, Ward, & Marquardt, 2013; Pascua et al.,
2014), with the result that learning is less than optimal. This appears to be largely due to superﬂuous
muscular activity (e.g., Lohse & Sherwood, 2012; Zachry, Wulf, Mercer, & Bezodis, 2005) that disrupts
the ﬂuidity of movements and adds ‘‘noise’’ to the motor systems which degrades accuracy, balance,
etc. (Wulf et al., 2001). Yet, the present ﬁndings, together with those of Pascua and colleagues, which
show increased self-efﬁcacy with an external focus, add another important aspect to this picture. In
addition to its direct inﬂuence on performance and learning, an external focus also seems to have indirect learning beneﬁts by increasing learners’ conﬁdence in their ability to perform well in the future.
That is, presumably as a result of their effective performance with an external focus, learners’ self-efﬁcacy is enhanced – and this likely increases the learning beneﬁts further.
Giving learners the opportunity to choose when to throw with their dominant arm, thereby
acknowledging and supporting their need for autonomy (e.g., Deci & Ryan, 2000, 2008), also increased
their self-efﬁcacy. Autonomy-supportive conditions have previously been shown to enhance
performers’ situation-speciﬁc conﬁdence. For example, task instructions that imply a certain degree
of freedom in terms of how a given task is performed or practiced have been found to lead to higher
self-efﬁcacy (Hooyman et al., 2014) or perceived competence (Reeve & Tseng, 2011) compared with
controlling instructions that leave learners with no choices. Allowing learners to make their own decisions presumably imparts a sense of trust in their ability, with the consequence that their conﬁdence
in being able to do well increases. It is particularly interesting that even incidental choices have been
shown to increase their task-related conﬁdence (Tafarodi et al., 1999) and motivation (e.g., Wulf et al.,
2014), as well as performance and learning (e.g., Wulf & Adams, 2014; Wulf et al., 2014). Almost
40 years ago, Langer (1975) demonstrated that even the illusion of having a choice can increase
individual’s conﬁdence in their ability to produce a certain outcome. She argued that simply the
perception of being able to control the environment enhanced feelings of competence.
How exactly does self-efﬁcacy facilitate learning? We surmise that it reduces a self-focus. Some
support for this notion comes from ﬁndings showing reduced nervousness (Wulf, Chiviacowsky, &
Lewthwaite, 2012) or diminished concerns about their performance or ability (Lewthwaite & Wulf,
2010; Wulf, Lewthwaite, & Hooyman, 2013) when learners’ expectancies for performance were
enhanced. Several lines of research have identiﬁed self-focused attention as detrimental to motor skill
learning and performance (e.g., self-focus, Baumeister, 1984; explicit monitoring, Beilock & Carr, 2001;
skill-focused attention, Gray, 2004; reinvestment, Masters & Maxwell, 2008; internal focus of attention, Wulf, 2013) due to a disruption of automaticity resulting from conscious control attempts. Interestingly, self-referential activity appears to be related to the brain’s default mode (e.g., Buckner,
Andrews-Hanna, & Schacter, 2008). Thus, optimal task performance seems to require a switch to a
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task-oriented focus, or task-related activation (Northoff, Qin, & Nakao, 2010). Practice conditions that
enhance self-efﬁcacy may enable the performer to direct more attention to the task at hand by minimizing a self-focus (e.g., Lewthwaite & Wulf, 2010; Wulf et al., 2012). The result is more effective
learning.
Taken together, it has become clear that the learning variables examined in the present study and
in two previous studies (Pascua et al., 2014; Wulf et al., 2014) make unique contributions to learning
(Wulf, 2014; Wulf & Lewthwaite, 2014). An external focus of attention, autonomy-supportive practice
conditions, as well as conditions that enhance learner’s expectancies all seem to be necessary if optimal learning is the goal, as each combination of two of these factors has now been demonstrated to
yield superior learning relative to one factor (or none). Important next steps will include examinations
of the effectiveness of combinations of three versus two factors, in addition to further investigations
into the underlying psychological mechanisms (e.g., self-efﬁcacy, positive affect) that make them
seemingly irreplaceable.
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