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ABSTRACT. The authors examined the influence that attentional
focus on either a postural or a suprapostural task had on the per-
formance of each task. Participants (N = 32) stood on an inflated
rubber disk and held a pole horizontally. All participants performed
under 4 attentional focus conditions: external (disk) or internal
(feet) focus on the postural task, and external (pole) or internal
(hands) focus on the suprapostural task. Compared with internal
focuses, external focuses on either task resulted in similar and
reduced postural sway. Response frequency on each task increased
when participants focused on the respective task. Finally, an exter-
nal focus on either task produced higher frequencies of responding
on the suprapostural task. The authors conclude that suprapostural
task goals have a stronger influence on postural control than vice
versa, reflecting the propensity of the motor system to optimize
control processes on the basis of the desired movement effect.

Key wvords: balance, focus of attention, motor control, suprapos-
tural task

ne of the most fascinating features of the human
motor control system is its ability to optimize the con-

trol of movements as a function of the performer's intention
or attention. An example of adaptations resulting from
changes in the individual's intention is adjustments in pos-
tural control on the basis of suprapostural task goals (e.g.,
Balasubramaniam & Turvey, 2000; Riley, Stoffregen, Gro-
cki, & Turvey, 1999; Stoffregen, Pagulayan, Bardy, & Het-
tinger, 2000; Stoffregen, Smart, Bardy, & Pagulayan, 1999).
Riley et al. (1999), for instance, found that relative to a
baseline condition (i.e., not touching the curtain), postural
sway was reduced if individuals were instructed to lightly
touch a curtain and to try to minimize movements of the
curtain. In contrast, when touching the curtain was deemed
irrelevant for the experiment, no reduction in postural sway
was found. Their interpretation was that the addition of a
suprapostural goal (i.e., keeping the curtain still) resulted in
spontaneous reductions in postural fluctuations to facilitate
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the achievement of the suprapostural goal. Similarly, Stof-
fregen et al. (2000) demonstrated that when standing par-
ticipants were instructed to search for letters in a block of
text displayed in front of them, postural sway was reduced
as compared with when they looked at a blank piece of
paper. Therefore, the constraints imposed by the suprapos-
tural task (or the performer's intention) appear to influence
postural adjustments, thus facilitating goal achievement
(e.g., not moving the curtain, finding target letters).

In another series of studies, the individual's focus of
attention has also been found to affect the motor control
processes involved in the perfornance of motor skills,
including those requiring postural control or balance (e.g.,
Shea & Wulf, 1999; Wulf, HoB, & Prinz, 1998; Wulf,
Lauterbach, & Toole, 1999; Wulf, McNevin, & Shea, 2001;

for a review, see Wulf & Prinz, 2001). Specifically, those
investigators compared the effects of attention directed
either to the movements themselves (internal focus) or to
the effects of those movements on an apparatus or imple-
ment (external focus). Some of the researchers used a
dynamic balance task that required participants to balance
on a stabilometer and to minimize deviations of the balance
platform from the horizontal (e.g., Wulf et al., 1998, Exper-
iment 2; Wulf, McNevin, & Shea, 2001; Wulf, Shea, &
Park, 2001). The results consistently demonstrated that par-
ticipants required to focus externally (i.e., on keeping mark-
ers on the platform horizontal) produced more effective per-
formance and learning than did participants required to
focus internally (i.e., on keeping their feet horizontal). Wulf
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and her colleagues (e.g., McNevin, Shea, & Wulf, 2003;
Wulf, McNevin, & Shea, 2001; Wulf & Prinz, 2001) have
argued that the advantage of adopting an external focus of
attention is that it allows unconscious or automatic process-
es to control the movements. In contrast, when participants
adopt an internal focus, they are more likely to consciously
intervene in those control processes, thereby inadvertently
disrupting automatic control processes.

In a couple of recent studies, it has been found that the
attentional focus can also modify the effects of intentions or
suprapostural task goals. McNevin and Wulf (2002) used a
task similar to that used by Riley et al. (1999) and compared
the effects of internal versus external focus instructions.
Riley and his colleagues' instructions were ambiguous from
an attentional focus point of view in that participants were
instructed to "minimize movements of the curtain that
might result from their touch" (p. 805). Thus, it was not
entirely clear whether the instructions directed participants'
attention more to keeping their finger still (internal focus)
so that they would minimize movements of the curtain or
more to keeping the curtain still (external focus). McNevin
and Wulf specifically instructed participants to touch a

loosely hanging sheet with a fingertip and to focus either on
minimizing the movements of the finger (internal) or on
minimizing the movement of the curtain (external). Their
results showed that although both focuses resulted in simi-
lar amounts of postural sway, the frequency of movement
adjustments was clearly higher under external than under
internal focus conditions. Because postural control was
enhanced via increased reactivity to fluctuations in postural
sway when participants' attention was directed to the effects
of their actions rather than to the actions themselves, the
authors interpreted those findings as further support for the
advantages of an external focus of attention. Thus, com-
pared with an internal focus, an external focus on the supra-
postural task resulted in greater postural stability-provid-
ing preliminary evidence that the type of attentional focus
on the suprapostural task can have a significant qualifying
influence on postural control.

In a subsequent study, Wulf, Weigelt, Poulter, and
McNevin (2003) used a more challenging postural task.
Rather than standing still on a stable surface, participants
were required to learn to balance on a stabilometer. Wulf and
colleagues manipulated participants' focus of attention on a
suprapostural task (i.e., holding a tube horizontal in front of
their stomach) by instructing different groups of learners to
focus either on their hands (internal focus) or on the tube
(external focus) while balancing on the stabilometer plat-
form. Performances on both the suprapostural task and the
balance (postural) task were measured. The results showed
that not only did an external focus enhance performance on
the suprapostural task (i.e., the stability of the tube), it also
enhanced performance on the balance task (i.e., the stability
of the platform). Even more interesting, the superior balance
performance demonstrated by the external focus group in
comparison with the internal focus group was even seen

when the suprapostural task was removed in a transfer test.
Thus, compared with an internal focus, practice with an
external focus on the suprapostural task had a lasting effect:
It enhanced the learning of the balance task, for which no
differential instructions had been given.

The findings from previous studies have demonstrated that
the type of attentional focus on suprapostural tasks is impor-
tant and as such needs to be considered when exarnining
effects of suprapostural tasks. As compared with the effect of
internal focus, not only can an external focus on the supra-
postural task enhance performance on the suprapostural task
(Wulf et al., 2003), it can also result in more effective postur-
al control (McNevin & Wulf, 2002; Wulf et al., in press). An
interesting question is how the addition of a suprapostural
task functions to influence postural control and, more specif-
ically, how an external focus of attention acts to optimize pos-
tural stability. That is one of the questions addressed in the
present study. In contrast to previous studies in which supra-
postural task performance was not measured (e.g., McNevin
& Wulf, 2002; Riley et al., 1999) or a crude performance
measure was used (Wulf et al., 2003), we measured perfor-
mance on both postural and suprapostural tasks in terms of

performance stability (root mean square error [RMNSE) and
frequency of responding (mean power frequency [MPF]).
Whereas RMSE is an overall performance measure that indi-
cates the average deviations from a goal (e.g., the horizontal),
MPF is seen as an indicator of the control mechanisms used
to perform a task (e.g., McNevin et al., 2003; Newell &
Slifkin, 1996; Wulf, McNevin, & Shea, 2001; Wulf, Shea, &
Park, 2001). Specifically, a higher frequency of movement
adjustments is viewed as a result of a more automatic, reflex-
type mode of control that is based on faster and more finely
tuned integrated movement responses. Balance on an unsta-
ble surface involves continuous interplay between sensory
input and effector output: The greater the coherence between
sensory input and effector output (McAuley & Marsden,
2000), the finer the graded adjustments in postural control. If
the intention is to minimize postural sway, then smaller oscil-
lations and higher frequency of responding would achieve the
goal of maintaining a stable base of support. Performance
mediated by a high MPF suggests a system capable of adjust-
ing to minor, as well as major, perturbations to the base of
support. In contrast, a low frequency of responding is
assumed to reflect less coherence between sensory input and
effector output. The absence of confluence may be caused by
a small, but functionally important, disruption between the
sensory consequences of an action and effector output as a
direct result of participants' consciously intervening in those
processes.

In the present study, we wanted to examine to what extent
the attentional focus on the suprapostural task affects the
overall stability of the postural system (RMSE) and the
automaticity of the postural responses (MPF). Reduced
RMSE (Wulf et al., 2003) or increased MPF (McNevin &
Wulf, 2002) on the postural task has been found in previous
studies when the attentional focus on the suprapostural task
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was external rather than internal. The apparent relationship
between the outcome (postural sway) and the control strat-
egy (frequency of responding) used under the external focus
condition (especially in the McNevin & Wulf study)
seemed to suggest that individuals maintain stability by
increasing their reactivity to perturbations. That is, when
participants used an external focus, they appeared to com-
pensate for an undesired outcome (increased postural sway)
by increasing their responsiveness (MPF) to postural devia-
tions. In contrast, the internal focus condition resulted in a
lower frequency of responding, suggesting that participants

were less effective in compensating for increases in postur-
al sway. In the present study, we wanted to follow up on
those findings. In particular, we wanted to further examine
whether those two performance characteristics are related.
For example, would reduced postural sway (i.e., reduced
RMSE) be accompanied by an increase in frequency of pos-
tural adjustments (i.e., higher MPF)? In contrast, if the two
performance characteristics are not related, would an exter-
nal focus lead to reduced sway without associated increas-
es in response frequency, or vice versa?

Furthermore, we asked whether the type of focus adopt-
ed on the postural task would affect performance on the

suprapostural task. If, for example, an external focus on a
postural task affected the whole motor system (cf. McNevin
& Wulf, 2002), then its beneficial effects might generalize
to performance on the suprapostural task. In contrast, if
attention is directed (solely) to the postural task, then the
suprapostural task might become more or less irrelevant and
the effects of attentional focus, if any, might be minimal. At
any rate, it seerned important to examine reciprocal influ-
ences of attentional focuses on suprapostural and postural
tasks in order to gain a better understanding of how inten-
tion and attention influence the motor control system and,

as a consequence, an individual's performance.
We used a within-participant design to address those

questions. Under all conditions, participants were required
to stand on an inflated rubber disk. We used the disk to make
the postural task more challenging in comparison with a
condition that required the participant to stand on a flat and
stable surface of support (McNevin & Wulf, 2002; Riley et
al., 1999). In addition, participants were asked to hold a pole
horizontally in front of their stomach (suprapostural task;
see Figure 1). All participants performed under each of four
conditions: internal or external focus on the postural task
and internal or external focus on the suprapostural task. We
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FIGURE 1. Schematic of a participant balancing on the disk and holding the pole.
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measured performances on both postural and suprapostural
tasks to determine the effects of the type of attentional focus
on either task as well as possible interaction effects.

It should be pointed out that in the present study, we
viewed reduced sway as an indication of enhanced postural
performance. That is, less postural sway was equated with
greater stability and thus better performance. That point is
important, because Riley et al. (1999), Stoffregen et al.
(2000), and Stoffregen et al. (1999) have rightly empha-
sized that postural stability needs to be seen in the context
of the suprapostural goal. In fact, in certain situations
increased postural sway may be more adaptive than less
sway in that it facilitates the achievement of the suprapos-
tural goal (e.g., when tracking a visual target). In the present
study, however, the suprapostural goal of holding the wand
horizontally should be facilitated by reduced postural sway.

Method

Participants

Thirty-two university students participated in this exper-
iment. None had prior experience with the task, and all were
naive as to our purpose in the experiment. All participants
gave their informed consent. They received extra course
credit for their participation.

Apparatits and Task

In the postural task; we required participants to balance
on a 13-in.-diameter inflated rubber disk (Disc 'O' Sit; Per-
form Better, Cranston, RI). One often uses disks such as
those in athletic training to strengthen the muscles involved
in balance. The disk, which was placed on a force plate
(Kistler Corp., Amherst, NY, Model #9286AA), recorded
center of pressure data. While standing on the disk, partici-
pants held a round PVC pole, 195 cm in length and 1.6 cm
in diameter (see Figure 1), on which a uniaxial accelerom-
eter (PCB Piezotronics; Depew, NY, Model #478A01) was
mounted so that the sensitive axis was aligned vertically.
We used the accelerometer to record information regarding
the vertical sway of the pole. Units for acceleration were
multiples of the acceleration caused by the force of gravity.
We recorded center of pressure and acceleration data con-
currently at 500 Hz during each trial. Participants were
instructed to grasp the pole, with their palms facing upward,

and to put their rmiddle fingers on yellow, 1-cm-wide stripes
of tape that surrounded the pole at a distance of 19 cm to the
left and right from the center of the pole. Participants were
asked to hold the pole horizontally, with their elbows flexed
at 90°. We instructed them to look straight ahead (i.e., not
to look at the pole). Each participant performed three 15-s
trials under each of four conditions (see the following).

Procedutre

Participants were informed that the task was to stand on the
disk and hold the pole horizontally. All participants per-
formed three 15-s trials under each of four attentional focus
conditions. We designed the instructions given in those con-

ditions so that they would induce an internal or external focus
on the postural or suprapostural task. Specifically, we
instructed participants to focus on minimizing the movements
of their feet (postural task, internal focus), minimizing the
movements of the disk (postural task, external focus), holding
their hands still (suprapostural task, internal focus), or hold-
ing the pole still (suprapostural task, external focus). The
order of conditions was counterbalanced across participants.

Dependent Variables and Data Analysis

We converted the data to ASCII format and processed
them with custom laboratory software. We adjusted center
of pressure (COP) data so that the central coordinates were
(0,0). Data were then converted from Cartesian to polar
coordinates. We analyzed the magnitude vector by calculat-
ing the root mean square error (RMSE) and mean power fre-
quency (MPF) of the signal. We calculated MPF after first
transforming the vector magnitude signal to the frequency
domain by calculating the power spectral density (PSD) of
the signal. We calculated the PSD with the mean and linear
trends removed from the signal. Because the length of the
data set must be a power of 2, we padded the 7,500 data
points (15 s of data recorded at 500 Hz) with zeros to obtain
8,192 points for use in calculating the PSD. That procedure
resulted in 0.061-Hz frequency bin sizes. MPF was calcu-
lated as Y(PSDi * Freqi)/X(PSD), where PSDi represents
power spectral density at frequency bin i, Freq1 represents
the frequency (in Hz), and Y(PSD) represents the sum of
powers across all frequency bins analyzed (Winter & Patla,
1997). The 0- to 20-Hz frequency range was used because
we had calculated that 97-99% of the power was contained
within that range. RMSE of the COP vector magnitude
served as a measure of postural sway, whereas MPF indi-
cated the frequency of postural adjustments.

We calculated the RMSE of the acceleration signal after
smoothing the data with a fourth-order, low-pass filter with
the optimal cut-off frequency identified (Winter & Patla,
1997). We calculated MPF from the raw acceleration signal,
using the identical procedures described for COP data. The
RMSE of the (vertical) acceleration of the pole was used as
a measure of the overall stability of the pole, whereas the
MPF of the acceleration signal was a measure of the
response frequency on the suprapostural task. We analyzed
each dependent variable in a 2 (task: postural, suprapostur-

al) x 2 (focus of attention: internal, external) x 3 (trial)
repeated measures analysis of variance.

Results

Postural Task: Magnitude of Sway (RMSE)

External focus instructions generally resulted in less pos-
tural sway (i.e., smaller RMSE) than internal focus instruc-
tions did (see Figure 2). That is, independent of whether
attention was directed at the postural or at the suprapostur-
al task, postural stability was greater when participants
focused on the movement effect (disk or pole) than when
they focused on the body movements producing the effect
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(feet or hands). In fact, external and internal focuses on the
suprapostural task produced RMSE values that were numer-
ically very similar to those produced by the respective
focuses on the postural task. The main effect of focus of
attention was significant, F(1, 31) = 4.18, p < .05, co2 = .91,
whereas the main effects of task, F(1, 31) < 1, and trial, F(2,
62) = 1.58, p > .05, were not significant. Also, none of the
interaction effects was significant, all Fs < 1.

Postural Task: Frequency of Responding (MPF)

As can be seen in Figure 3, the frequency of responding
was clearly greater when participants focused on the pos-
tural task than when they focused on the suprapostural
task. That is, independent of the type of attentional focus
(internal or external), postural adjustments occurred at a
higher rate when individuals directed their attention to the
postural task. The task main effect was significant, F(1,
31) = 6.62, p < .05, 0)2 = .15, whereas the main effects of
focus of attention, F(1, 31) < 1, and trial, F(2, 62) = 1.7,
p > .05, were not significant. No interaction effects were
significant.

Suprapostural Task: Magnitude of Sway (RMSE)

The amount of sway observed for the pole did not differ
as a function of task or attentional focus (see Figure 4). That
is, at least with respect to that measure of suprapostural task
performance, performances were similar-regardless of
whether participants focused on the suprapostural or the
postural task or whether they adopted an internal or exter-

nal focus. The main effects of task, F(1, 31) = 2.48,p> .05,
focus of attention, F(1, 31) < 1, and trial, F(2, 62) < 1, were
not significant. Also, none of the interaction effects was sta-
tistically significant.

Suprapostural Task: Frequency of Responding (MPF)

With regard to the frequency of responding, there were
clear performance differences as a function of both task and
attentional focus (see Figure 5). The frequency of move-
ment adjustments was considerably higher when partici-

pants focused on the suprapostural task than when they
focused on the postural task. Also, higher movement fre-
quencies were seen when participants adopted an external
focus (on either task) than when they adopted an internal
focus. The main effects of both task, F(1, 31) = 64.83, p <
.001, d = .67, and focus of attention, F(1, 31) = 6.75, p <
.05, ()2 = .15, were significant. Even though the effects of
attentional focus appeared to be larger for the suprapostur-
al than for the postural task, the interaction of task and
attentional focus failed to reach significance, F(1, 31) =
2.90, p = .10. Also, the trial main effect, F(2, 62) < 1, and
the other interaction effects were not significant. Thus, both
focusing on the suprapostural task and adopting an external
focus resulted in increased response frequencies on the
suprapostural task.

Discussion

In the present study, we were motivated by recent find-
ings demonstrating the effects of a suprapostural task on
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FIGURE 2. Magnitude of sway (root mean square error, RMSE) on the postural task as a
function of the task to which attention was directed (postural or suprapostural task) and the
type of attentional focus adopted (external or internal).
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FIGURE 4. Magnitude of sway (root mean square error, RMSE) on the suprapostural task as
a function of the task to which attention was directed (postural or suprapostural task) and the
type of attentional focus adopted (external or internal).

postural stability (e.g., Riley et al., 1999; Stoffregen et al.,
2000), as well as by findings demonstrating that an individ-

ual's focus of attention on the suprapostural task can play an
important modifying role in that context (McNevin & Wulf,
2002; Wulf et al., 2003). The latter studies showed that pos-

tural stability or balance performance (and learning) was
enhanced only when participants were instructed to adopt

an external focus of attention on the suprapostural task, but
not when they adopted an internal focus (relative to no
instructions). One of our goals in the present study was to
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provide further insight into how the attentional focus on the
suprapostural task acts to affect postural control. We used
postural sway and response frequency measures similar to
those used by McNevin and Wulf (2002). However, to
determine the generalizability of their results, we used a
more difficult postural task than McNevin and Wulf had

used. In addition to examining the influence that the type of
attentional focus on the suprapostural task has on postural
control, we wanted to investigate the degree to which the
focus of attention on the postural task would affect perfor-
mance of the suprapostural task. One drawback of previous
studies is that performance on the suprapostural task was
not measured at all (e.g., McNevin & Wulf, 2002; Riley et
al., 1999) or that a relatively crude measure was used (Wulf
et al., 2003). Therefore, in the present study, we used more
sensitive measures of suprapostural task performance. We
surmised that, although suprapostural task effects on pos-
tural control appear to be comparatively strong, the reverse
effect, if any, would be weaker. The explanation for that dif-
ference in effect is that postural control subserves the supra-
postural task goal. That is, suprapostural performance
depends on the degree of stability exerted over the postural
task. However, focusing on the postural task (internally or
externally) might have relatively little consequences for
suprapostural task performance. In the following sections,
we discuss, in tum, influences on postural task perfor-
mance, influences on suprapostural task performance, and
reciprocal influences of suprapostural and postural tasks as
a function of attentional focus.

Attentional-Focus Influences
on Postural Task Performance

In line with previous findings (e.g., McNevin et al., 2002;
Shea & Wulf, 1999; Wulf et al., 1998; Wulf, McNevin, &
Shea, 2001), instructions to adopt an external focus on the
postural task (i.e., to focus on minimizing movements of the

disk) resulted in less postural sway than did instructions to
adopt an internal focus (i.e., to focus on minimizing move-
ments of the feet). The stabilometer task was used in previ-
ous studies, and participants were required to balance on the
platform in accordance with external (focus on markers
attached to the platform) or internal (focus on feet) focus
instructions. Performance was measured in terms of the
average deviation from the horizontal. In the present study,
participants were required to balance on an inflated disk
that allowed deviations in all directions and required corre-
sponding movement adjustments. The results, however,
were similar in showing external focus advantages. Those
results demonstrate that the external focus benefits are gen-
eralizable to various balance tasks (see also Landers, Wulf,
Wallmann, & Guadagnoli, 2003; Totsika & Wulf, in press).

Important in the present context was the finding that,
compared with the respective internal focuses, postural sta-
bility was enhanced not only by an external focus on the
postural task but also by an external focus on the suprapos-
tural task. The beneficial effect on postural control as a
result of an external focus on the suprapostural task is in
line with the finding of Wulf et al. (2003), who had partici-
pants hold a tube horizontal while balancing on the sta-
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FIGURE 5. Frequency of responding (mean power frequency, MPF) on the suprapostural
task as a function of the task to which attention was directed (postural or suprapostural task)
and the type of attentional focus adopted (external or internal).
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bilometer. They found that balance performance (and learn-
ing) was enhanced when participants adopted an external
focus on the suprapostural task (i.e., focused on the tube) in
comparison with their performance when they adopted an
internal focus (i.e., focused on their hands). Thus, the
results of Wulf et al. and the present study are consistent in
showing that the type of attentional focus on the suprapos-
tural task affects postural task performance and that an
external focus leads to greater postural stability. McNevin
and Wulf (2002) came to the same conclusion. Even though
they did not find differences between external and internal
focuses in terms of postural sway, participants' response
frequency (MPF) was greater under external than under
internal focus conditions. McNevin and Wulf's interpreta-
tion was that postural stability is optimized under external
conditions as a result of greater frequency in responding,
which compensates for increased postural sway via
enhanced reactivity to perturbations.)

Most interesting, external versus internal focuses on the
postural or suprapostural tasks resulted in very similar
amounts of postural sway, respectively. That is, an external
focus led to about the same magnitude of sway, independent
of whether the focus was on the postural task (disk) or the
suprapostural task (pole). Similarly, an internal focus pro-
duced almost identical degrees of sway, independent of
whether attention was directed to the postural task (feet) or
the suprapostural task (hands). Based on those findings, it
might appear that postural stability is generally enhanced
by an external focus and that the exact locus of attention is
irrelevant. However, the response frequency results sug-
gested otherwise.

Participants showed a clearly higher response frequency
(MPF) in postural control when their attention was directed
to the postural task-independent of the type of attentional
focus-than when their attention was directed to the supra-
postural task. That is, whereas external and internal focuses
yielded similar MPF values on each task, focusing on the
postural task led to higher MPFs than did focusing on the
other (suprapostural) task. The absence of an attentional
focus main effect (i.e., higher MPFs for external relative to
internal focus conditions) is at odds with the findings of
previous studies (e.g., McNevin & Wulf, 2002; Wulf,
McNevin, & Shea, 2001; Wulf, Shea, & Park, 2001). How-
ever, when combined with the postural sway (RMSE)
results, it becomes clear that an external focus on the pos-
tural task resulted in greater postural stability than did any
other condition: Focusing on the disk produced a relatively
small amount of postural sway and a high response fre-
quency. Thus, not only did participants show reduced sway
when they focused on the disk, they were also able to react

faster to a loss of balance because of the increased frequen-
cy of responding.

Conversely, an internal focus on the suprapostural task
(hands) resulted in the least effective postural performance,
with a relatively large amount of postural sway and a low
response frequency. It is possible that the detriments in pos-

tural performance resulted from the higher attentional
demands associated with an internal than with an external
focus (Wulf, McNevin, & Shea, 2001). The results of stud-
ies examining the attentional demands of postural control
have shown that the attentional resources required to main-
tain balance increase as the balance task becomes more chal-
lenging (or if the motor control system is compromised, e.g.,
by age or disease; for a review, see Woollacott & Shumway-
Cook, 2002). Standing on an unstable surface such as the
inflated disk used in the present study can therefore be
assumed to require at least a certain amount of attentional
resources. By adding an attention-demanding dual (supra-
postural) task, some of those resources are presumably taken
away-resulting in degraded postural performance (e.g.,
Shumway-Cook, Woollacott, Baldwin, & Kerns, 1997).
Thus, it is possible that postural control suffered because the
internal focus on the suprapostural task required a relatively
large amount of the attentional capacity.

It is also interesting to note that even though an external
focus on the suprapostural task (pole) resulted in reduced
postural sway, similar to an external focus on the postural
task (disk), focusing on the pole did not result in the
increase in response frequency seen when participants
focused on the disk. Thus, even though postural stability
was enhanced when attention was directed to the pole, there
was no concomitant increase in the degree of automaticity
of postural control, as was seen when attention was direct-
ed to the disk. Apparently, in order for those benefits of an
external focus to be manifested, one must direct attention to
the task at hand (in this case, the postural task).

In most previous studies in which investigators have
examined response frequency as a function of attentional
focus (e.g., McNevin et al., 2003; Wulf, McNevin, & Shea,
2001; Wulf, Shea, & Park, 2001) the stabilometer task has
been used, and attention was directed either to the per-
former's feet (internal) or to markers on the balance platform
(external). In those studies, participants who adopted an
external focus showed consistently higher MPFs than did
those who adopted an internal focus. In the present study,
although there was a small tendency for the external focus
condition (disk) to produce higher MPFs than the internal
focus condition (feet) did, the overriding effect was pro-
duced by the task to which the attention was directed (pos-
tural or suprapostural). That result suggests that the ability to
respond quickly to a perturbation is generally enhanced if
the focus is on the postural task rather than on the suprapos-
tural task. Nevertheless, an external focus on the postural
task proved to be most effective because it resulted in high
response frequencies in combination with reduced sway.

Attentional-Focus Influences
on Suprapostural Task Performance

There were no influences on the sway of the pole (RMSE)
as a function of the type of task that was attended to or the
type of attentional focus. That is, regardless of whether par-
ticipants focused on the suprapostural or postural task and
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whether the focus was internal or external, RMSE values
were similar. In contrast, Wulf et al. (2003) found superior
suprapostural task performance (number of times a ball
made contact with either side of a tube that was supposed to
be held horizontally) for participants who adopted an exter-
nal focus on the suprapostural task, in comparison with
those who adopted an internal focus. A possible reason for
the fact that no effects were found for RMSE in the present
study could be related to the nature of the task, which was
presumably less challenging than the one used by Wulf et
al. In that study, participants were required to hold an object
horizontal despite relatively large excursions of the balance
platforn on which they were standing. In the present study,
postural fluctuations were not as extensive, which presum-
ably also facilitated the suprapostural task. It is possible that
because of that stability, no attentional focus effects were
seen in the amount of sway.

Nevertheless, the measure of response frequency on the
suprapostural task (MPF) did show significant effects of
both the task attended to and the attentional focus. Focusing
on the suprapostural task yielded clearly higher MPFs on
that task than did focusing on the postural task. The effect
was similar to that seen for postural task performance; in
that case, focusing on the postural task resulted in higher
MPFs. Thus, it appears that there is a task-specific effect, in
that performance is enhanced on the task (suprapostural or
postural) to which attention is directed.

Most important, an external focus also resulted in
increased MPF values. The increase was independent of
whether the focus was directed at the suprapostural or the
postural task. Even though it appeared that an external focus
produced even higher MPFs when participants focused on
the suprapostural rather than the postural task, the interac-
tion of task and attentional focus was not significant. The
increased response frequency seen under external relative to
internal focus conditions is in line with results of previous
studies (McNevin et al., 2003; Wulf, McNevin, & Shea,
2001; Wulf, Shea, & Park, 2001) in which, in comparison
with an internal focus, an external focus resulted in increas-
es in response frequency on postural tasks. The present
result shows that that effect generalizes to tasks other than
postural tasks. It also provides additional support for the
constrained-action hypothesis (e.g., McNevin et al., 2003;
Wulf, McNevin, & Shea, 2001), according to which, com-
pared with an internal focus, an external focus promotes the
use of more automatic control processes. Those rapid,

reflex-like processes are assumed to be responsible for the
fast movement adjustments observed under external focus
conditions. Despite the main effect of attentional focus,
clearly the largest numerical MPF values were obtained
when an external focus was adopted on the suprapostural
task (focus on pole). Given that the amount of sway on the
suprapostural task was similar for all conditions, the MPF
results suggest that the adoption of an external focus on the
suprapostural task is optimal for the performance of that
task. That conclusion concurs with that drawn from the pos-

tural performance results, in which an external focus was
also found to be optimal.

Reciprocal Influences of Attentional Focus
on Suprapostural and Postural Task Performance

The type of focus on either task had an effect on the per-
formance of the other task. However, the influence of the type
of focus on the suprapostural task on postural task perfor-
mance appeared to be stronger than vice versa. Focusing on
the pole, that is, adopting an external focus on the suprapos-
tural task, led to the same (reduced) amount of postural sway
as did focusing on the disk, that is, adopting an external focus
on the postural task. Conversely, an internal focus on either
task produced similar sway magnitudes. Thus, the type of
attentional focus on the suprapostural task clearly had an
effect on postural control. In contrast, the type of focus on the
postural task had only a relatively small effect on suprapos-
tural task performance. Compared with focusing on the feet
(internal focus), focusing on the disk (external focus) result-
ed in a numerically small increase in response frequency on
the suprapostural task. Also, there was no effect on the
amount of sway of the pole. Thus, whether individuals
focused externally or internally on the postural task had only
a small, if any, effect on suprapostural task performance.

How can one explain the imbalance in the reciprocal
influence that the attentional focus on either task had on the
performance of the other task? As suggested earlier, supra-
postural task performance is directly influenced by the
degree of stability of the supporting system (posture). That
is, the act of balancing subserves the achievement of the
suprapostural task goal. For example, if the goal is to not
spill a cup of coffee while traversing a hall, success in that
action will depend on how stable one's gait pattern is. Thus,
one would expect to see influences on postural performance
as a function of the suprapostural task, and evidence for that
influence has come from a number of previous studies (e.g.,
Balasubramaniam & Turvey, 2000; Riley et al., 1999; Stof-
fregen et al, 2000; Stoffregen et al., 1999). The findings of
the present study, together with those of McNevin and Wulf
(2002) and Wulf et al. (2003), show that the type of atten-
tional focus plays an important qualifying role in that con-
text-an external focus on the suprapostural task typically
leads to more effective postural control. It is possible that,
compared with an internal focus, an external focus directed
at the suprapostural task goal enhances postural stability
because focusing on the outcome of the action tweaks the

control mechanisms that enable the individual to achieve
suprapostural and postural stability.

In contrast, the type of focus on the postural task had a
relatively minor effect on the performance of the suprapos-
tural task. Even though focusing on the disk (external focus)
produced clearly greater postural stability than did focusing
on the feet (internal focus), the stability was not translated
into greater stability of the pole (RMSE). (The only effect
was a small increase in response frequency.) Yet, the lack of
transfer can presumably be explained by the absence of a
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suprapostural task goal. Even though participants were still
holding the pole, their attention was directed to the act of
standing still. Thus, the task of holding the pole horizontal
became, at best, secondary, or perhaps even irrelevant (as in
Riley et al., 1999). Therefore, it is perhaps not too surpris-
ing that the different attentional focuses on the primary task
(i.e., standing still) did not have much of an effect on the
stability of the pole. That situation would be comparable to
a condition in which an individual focuses on traversing the
hall while carrying a cup of coffee. The attentional focus on
the postural (locomotor) task would not necessarily deter-
mine how successfully one is able to avoid spilling the cof-
fee. Thus, it appears that postural stability does not translate
into stability of other, functionally unrelated body sys-
tems-if the primary goal is to maintain balance. Suprapos-
tural task performance would be influenced only if the indi-
vidual imposed constraints over the degrees of freedom
higher up in the link (i.e., in the upper body). Yet, if the
suprapostural goal is more or less irrelevant, then there is no
compelling reason to do so. The ability to dissociate func-
tionally relevant from functionally irrevelant task goals can
perhaps be seen as reflecting economy of the motor system,
whereby control effort is invested only to the extent that it
is necessary for the accomplishment of the goal.

Despite the reciprocal effects of the two tasks-in partic-
ular the influence of the suprapostural task on postural con-
trol-there were also clear task-specific effects. Focusing
on the postural task resulted in higher response frequencies
on the postural task, and-independent of the type of atten-
tional focus-focusing on the suprapostural task resulted in
higher response frequencies on that task. Because motor

coordination is a function of coherence between sensory
input and effector output (Marsden, Ashby, Limousin-
Dowsey, Rothwell, & Brown, 2000), one could argue that
focusing on the effector output of a specific activity dictates
which sensory information is used, in turn, to organize the
entire effector system (e.g., McAuley & Marsden, 2000). As
such, the higher response frequencies associated with the
particular task focused on may reflect the tendency of the
system to organize itself around what the task goal is (min-
imize pole movement or minimize postural sway).

Summary and Conclusions

The present findings provide support for both the concept
of suprapostural goals (e.g., Balasubramaniam & Turvey,
2000; Riley et al., 1999; Stoffregen et al, 2000; Stoffregen et
al., 1999) and the importance of the performer's focus of
attention (for a review, see Wulf & Prinz, 2001). Specifical-
ly, if the suprapostural task was made salient, then instruc-
tions to focus on the pole (external focus) resulted in greater
postural stability than did instructions to focus on the hands
(internal focus). However, if attention was directed to the
postural task-making the suprapostural goal less salient -
then the attentional focus on the postural task had only a
small effect, if any, on the performance of the suprapostural
task. We argue that the reason for the asymmetric effect is

that postural control subserves the suprapostural task goal,
whereas the reverse is not necessarily the case (even though
greater instability of suprapostural task performance would
also affect postural stability). Most important, the type of
attentional focus had a significant qualifying effect: An
external focus generally resulted in more effective postural
(and suprapostural) task performance than an internal focus
did (see also McNevin & Wulf, 2002; Wulf et al., 2003).
Those benefits of an external focus of attention are in line
with the results of numerous previous studies that have
demonstrated more effective performance and learning
when individuals adopt an external focus than when they
adopt an internal focus (Wulf & Prinz, 2001). Finally, the
present results indicate that performance on a specific task
(postural or suprapostural) is enhanced if attention is direct-
ed to that task. That is, performance on the postural task was
most effective if attention was directed to the postural task
and if the focus was external (disk). Similarly, performance
on the suprapostural task was best if an external focus of
attention was adopted on the suprapostural task (pole). Thus,
despite suprapostural goal influences on postural control, the
task that was attended to (postural or suprapostural) was per-
formed best. Overall, the present results confirm the view of
a "smart" motor system that optimizes the control processes
based on the environmental outcome, or movement effect,
that the performer wants to achieve.

NOTE
1. McNevin and Wulf (2002) found that in comparison with

when participants adopted an internal focus, when they adopted an
external focus on the suprapostural task they showed an increase
in response frequency (MPF), but there was no difference in pos-
tural sway. In the present study, an external focus resulted in
reduced postural sway (RMSE), but there were no differences in
MPF. The discrepancy in the results may have been caused by dif-
ferences between the postural (and perhaps suprapostural) tasks in
the two studies. In the McNevin and Wulf study, participants stood
on a stable surface, with their eyes closed; in the present study,
however, participants balanced, with their eyes open, on an unsta-
ble surface. In future studies, investigators should more systemat-
ically examine how task features such as the stability of the sur-
face or the availability of visual feedback affect various aspects of
postural performance.
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