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Abstract:

This study examined the training effect of attentional focus (external focus, internal focus, or no
focus instructions) on a dynamic balance task. Participants completed baseline balance testing,
seven consecutive days of dynamic balance board training, and retention testing 24 hours after
the last session. The novel finding of this study was the presence of a training effect on balance
control when adopting an external focus relative to an internal focus or no focus instructions.
Further, we report the unique observation that more patterned behavior was adopted regardless of
the focus instructions. These findings provide insight into how instructions can be altered to
enhance human balance control and complement the constrained-action hypothesis.
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Article:
1. Introduction

Balance is a critical component of functional mobility that relies on biomechanical coordination
(Horak, 1997; Winter, 1995; Winter, Patla, Prince, Ishac, & Gielo-Perczak, 1998). While some
balance training interventions have been shown to be effective (Buchner et al., 1997; Davis et al.,
2010; Wolfson et al., 1992), others have shown less positive results (Cadore, Rodriguez-Maiias,
Sinclair, & Izquierdo, 2013; Landers, Hatlevig, Davis, Richards, & Rosenlof, 2015). Differences
in intervention efficacy may be partially explained by the various foci participants adopt during
balance training. Complex balance training paradigms do not commonly explore how directing
attention through instruction influences the performance and learning of balance control. Initially
defined by Wulf, HoB, and Prinz (1998), attention directed toward movement execution is
defined as an internal focus, whereas attention directed toward the effects of one's movement is
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defined as an external focus. Results from this line of research are robust and show that focusing
externally produces greater performance and enhanced learning relative to an internal focus, or
when no specific focus instruction is provided (Wulf, 2007, 2013).

According to the constrained action hypothesis (CAH) (McNevin, Shea, & Wulf, 2003; Wulf,
McNevin, & Shea, 2001; Wulf, Shea, & Park, 2001), an external focus permits movement
automaticity and reflexivity, whereas an internal focus disrupts previously learned motor
movements by consciously interfering with automatic control processes. The CAH has been
substantiated with neuromuscular measures such as electromyography (EMG) (Lohse,
Sherwood, & Healy, 2010), and the behavioral benefits of an external focus have been replicated
in tasks ranging from basketball free-throw shooting (Al-Abood, Bennett, Hernandez, Ashford,
& Davids, 2002), dart-throwing (McKay & Wulf, 2012; McKay, Wulf, Lewthwaite, &

Nordin, 2015), golf (Wulf & Su, 2007), to virtual target-shooting (Raisbeck & Diekfuss, 2017).
While these studies are imperative to our understanding of attentional focus, they are limited by
the short duration of practice time which minimizes our understanding of the within and between
day motor learning trajectories. The majority of studies exploring attentional focus have
participants practice 20—100 trials over the course of one session (Chiviacowsky, Wulf, &
Wally, 2010; Wulf et al., 1998; Wulf, Weigelt, Poulter, & McNevin, 2003), three sessions
(Laufer, Rotem-Lehrer, Ronen, Khayutin, & Rozenberg, 2007), or five sessions (Porter,
Makaruk, & Starzak, 2016), and assess learning via a retention test 24 hours later. However,
there is a substantial jump in the attentional focus literature from the single or few session
acquisition periods used, to large scale training studies of four weeks (Landers et al., 2015) and
nine weeks (Makaruk, Porter, Czaplicki, Sadowski, & Sacewicz, 2012). While patients with
Parkinson's disease showed no balance control benefits when using an external focus during four
weeks of training (Landers et al., 2015), benefits for an external focus on plyometrics were
reported in the nine-week study conducted by Makaruk et al. (2012). One plausible explanation
for the differences is that Landers et al. examined individuals with Parkinson's disease — a
population that has slower motor learning rates than participants without Parkinson's disease
(Nieuwboer, Rochester, Miincks, & Swinnen, 2009) — whereas participants in Makaruk et al.’s
study were healthy adults.

A more complete understanding of the time-course of benefits resulting from attentional focus
training is imperative to refine motor skill training programs. For instance, it is currently
unknown if an external focus continues to be beneficial after multiple training sessions and
whether the relative negative influence on performance and learning of internal focus can be
mitigated with extended practice. There is a clear gap for our understanding of attentional focus
on motor learning for periods longer than three sessions, yet shorter than four weeks. Except for
the five sessions used by Porter et al. (2016), and the nine weeks of training used by Makaruk

et al. (2012), we are aware of no evidence that examines training with an external focus for more
than three sessions.

Disentangling the influence of attentional focus on motor learning over multiple training sessions
is important for multiple reasons. First, while the beneficial effects of external focus are robust
across various tasks and skill levels (Wulf, 2007, 2013), the findings are not universal. There are
multiple published studies that have failed to fully replicate the benefits of an external focus in
young healthy adults (Lawrence, Gottwald, Hardy, & Khan, 2011; Perkins-Ceccato, Passmore, &



Lee, 2003; Schorer, Jaitner, Wollny, Fath, & Baker, 2012; Zentgrat & Munzert, 2009), older
adults (de Melker Worms, Stins, van Wegen, Loram, & Beek, 2017), and clinical populations
(Gokeler et al., 2015). These discrepant findings have raised debate on the utility of an external
focus for all tasks (Peh, Chow, & Davids, 2011) and for populations that have been understudied
(e.g., older adults at risk for falling) (de Melker Worms et al., 2017). Second, attention is
dynamic (Hutchinson & Tenenbaum, 2007) and focus is rarely static throughout a single training
session (Bernier, Trottier, Thienot, & Fournier, 2016; Diekfuss & Raisbeck, 2017). Thus, to
conclude that providing one “dose” of external focus instruction will remain as the prominent
focus over multiple practice sessions and elicit long term changes in motor learning is
unsubstantiated. Lastly, even while considering the 20 plus years of research documenting the
beneficial effects of an external focus, athletes at various stages of skill development rarely
report using an external focus (Diekfuss & Raisbeck, 2016; Porter, Wu, & Partridge, 2010; van
der Graaff, Hoozemans, Pasteuning, Veeger, & Beek, 2017). In conjunction with recent reports
questioning the efficacy of adopting an external focus (Collins, Carson, & Toner, 2016), it is
premature to universally conclude that an external focus will improve motor learning over
multiple training sessions. To bridge this gap, we investigated the learning of a motor task over
the course of one week. The benefits of an external focus have been most replicated for balance
control (Chiviacowsky et al., 2010; Jackson & Holmes, 2011; Laufer et al., 2007; McNevin &
Wulf, 2002; Rotem-Lehrer & Laufer, 2007; Wulf, 2008; Wulf et al., 1998; Wulfet al., 2001;
Wulf et al., 2003; Wulf, Landers, Lewthwaite, & Tollner, 2009; Wulf, Shea, et al., 2001), thus
we utilized a dynamic balance task for our investigation. Moreover, falling in older adults has
been deemed a public health problem (Handelsman, 2011). Thus, fall prevention programs
would benefit from a stronger understanding of factors that enhance balance control.

The purpose of this study was to examine the effects of attentional focus on the performance and
learning of a dynamic balance task over seven daily training sessions. We investigated this with a
standard mean metric (mean velocity), linear variability metric (standard deviation [SD]
velocity), and nonlinear variability metric (sample entropy [SampEn]). SampEn (Richman &
Moorman, 2000) which has received notable attention in balance literature (Hansen et al., 2017),
and is used to quantify time-series data by examining the characteristics of its structure (i.e.,
assess how complex a time series is), but to our knowledge has not been integrated into the
attentional focus literature. Data were acquired throughout the seven daily training sessions to
assess performance changes and baseline testing before the training and a retention test 24 hours
after the last training session were acquired to assess learning. Due to practice effects, we
predicted (1) significant improvements in balance control (lower mean and SD velocity and
greater complexity [measured via SampEn]) from the early to late blocks and from the early to
late days of training, regardless of condition. Further, we predicted (2) more favorable balance
control characteristics (lower mean and SD velocity and greater complexity [measured via
SampEn]) throughout acquisition and during retention when participants adopted an external
focus of attention compared to an internal focus or no focus of attention (Wulf et al., 2003).

2. Methods

2.1. Participants



Thirty-three healthy participants (16 males, age = 23.0 + 3.7 years, height = 175.9 = 5.8 cm,
mass = 74.0 + 12.7 kg; 17 females, age = 22.6 + 3.9 years, height = 164.8 £ 6.0 cm, mass = 62.0
+ 10.6 kg) volunteered to participate in this study. Sample size was based on a previous
investigation using a balance board and attentional focus (Diekfuss et al., 2018). In that study,
balance control was improved with an # of 8 using a within-subjects design. We conservatively
used an n of 11 per group for a between subjects design to account for potential attrition.
Inclusion criteria included no lower extremity injury in the last 6 months, and the left leg being
the preferred stance limb when kicking a ball. Participants were excluded if they had: (1) a
previous history of injury to the capsule, ligament, or menisci of either knee, (2) any inner ear or
balance disorder, (3) undergone a previous balance training program, (4) were taking any
medications that would affect balance, or (5) any neurological disorders. The institutional ethics
committee approved the project and informed consent was obtained prior to commencing the
study.

Figure 1. Participant standing on the dynamic balance board. An inertial measurement unit was
attached to the center of the board to quantify balance control.

2.2. Apparatus
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All balance testing was completed on a dynamic balance board (CanDo ®, NY, USA). The board
is circular with a diameter of 76.2 cm. This board was attached to a half-sphere that was
positioned underneath with a height of 20.3 cm. When individuals stood on the circular board, it
moved in all directions to challenge the balance control system (Figure 1). This specific board
and other similar “wobble boards” have been used extensively in balance training literature
(Benson, Almonroeder, & O'Connor, 2017; Oliver & Di Brezzo, 2009). We attached an inertial
measurement unit (IMU; Xsens; Xsens Technology, MA, USA) to the center of the board using
Velcro which allowed us to quantify velocity of the board at a rate of 100 Hz. We used board
velocity as an indirect measure of participants’ postural sway velocity which is hypothesized to
be controlled by the nervous system for maintaining upright stance (Deligniéres, Torre, &
Bernard, 2011; Jeka, Kiemel, Creath, Horak, & Peterka, 2004).

2.3. Procedure

This was a nine-day study with each training session separated by 24 hours (Figure 2). To note,
the baseline (Day 1) and retention (Day 9) testing occurred at a separate location (Location A)
from training (Days 2—8; Location B). This was necessary as this behavioral data was collected
as part of a larger study (to be presented elsewhere) that required baseline and retention data to
be collected offsite (Location A). For Location A, participants completed the testing in a quiet
room on a solid tiled floor (hard floor). For Location B, participants also completed the testing in
a quiet room, but this room's floor was fully carpeted (less dense floor). In an attempt to replicate
the training conditions for baseline and retention, we placed a small piece of carpet on the hard
floor during all baseline and retention collections.
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Figure 2. Study design. *Participants were randomly assigned to a control, internal focus, or
external focus condition. Participants in the control condition only did baseline and retention
testing, whereas those in the internal and external focus conditions also completed seven days of
balance training. Note: baseline and retention data were collected at a different location than
acquisition (see methods and limitations).

On Day 1 (baseline), participants stood on the board for 30 seconds for familiarization purposes.
Participants then completed five separate 30-second trials on the balance board with a 30-second
rest between trials. Participants were instructed to place both feet on their board, look forward,
and asked to, ‘do your best’ during the baseline trials. Participants were then randomly assigned
to a control (n = 11), internal focus (rn = 11), or external focus condition (n = 11). Participants in
the internal and external focus conditions were asked to return to the lab at the same time for the
next seven consecutive days (training/acquisition). Participants in the control condition were
asked to report back to the lab on Day 9, resume normal activities, but to not complete any



balance training during the seven days in-between. On days two through eight and only for those
assigned to the internal or external focus condition, participants reported to the lab and
completed six blocks of five separate 30-second trials (30 balance trials total per day) of the
same balance task completed on Day 1. A 30-second rest was given between trials and a two-
minute break was given between each block. For the internal focus trials, participants were asked
to, ‘focus on keeping your feet level;” whereas, for the external focus trials participants were
asked to, ‘focus on keeping the board level.” This attentional focus instruction was provided at
the beginning of every test block throughout the seven days of training. No feedback or other
instruction was provided throughout the training sessions. On Day 9 (24 hour retention from Day
8), congruent with the baseline test, participants completed five separate 30-second trials on the
balance board with a 30-second rest between trials. No attentional focus instruction, feedback, or
other additional information was provided during the retention test.

2.4. Data Reduction

Lateral stability (i.e., medial-lateral [ML]) is a greater predictor of fall-risk relative to anterior-
posterior (AP) stability (Maki, Holliday, & Topper, 1994); thus, only ML data are focused on in
this paper. The raw velocity time series (m/s) data in the ML direction were extracted from the
IMU and filtered with a fifth-order low-pass Butterworth filter using a 5 Hz cut-off. We elected
to analyze the medial-lateral direction as this closely resembles the side to side movement
induced when standing on a stabilometer commonly used in attentional focus research
(Chiviacowsky et al., 2010; Wulf et al., 2003). These data were then entered into customized
scripts in MATLAB (MathWorks, Inc., Natick, MA) to extract the mean, SD, and SampEn of the
velocity time series for each 30-second trial. To determine ideal SampEn parameters for this
investigation, a customized optimization script was used to extract optimal length (m) and
tolerance (r) values (Lake, Richman, Griffin, & Moorman, 2002). An m =2 and r = .15 were
used for this study.

2.5. Data Analyses

To assess learning, the mean, SD, and SampEn of the five trials for baseline and retention were
averaged. We then conducted separate 3 (condition; control, internal focus, external focus) x 2
(time: baseline, retention) mixed ANOV As with repeated measures on the last factor.
Irrespective of any significant interaction, and to answer our a priori hypotheses, we conducted
additional univariate ANCOV As at retention with condition as the between-subjects’ factor and
baseline performance as the covariate to account for inter-individual group differences in
baseline performance. For acquisition, the mean, SD, and SampEn of each block of five trials
was averaged and three separate 2 (condition) % 7 (day) x 6 (block) mixed ANOVA's with
repeated measures on the last two factors were conducted for the dependent variables of mean,
SD, and SampEN velocity. Assessing baseline and retention data separately from acquisition
data is consistent with others assessing motor performance and learning over separate days
(Raisbeck & Diekfuss, 2017; Wulf, Chiviacowsky, Schiller, & Avila, 2010). Post-hoc analyses
were conducted using pair-wise comparisons (Bonferroni corrected) or Tukey's post-hoc
procedure where appropriate and an alpha level of p <.05 was set a priori. All p values are
reported to three decimals and adjusted per the appropriate correction (Bonferroni or Tukey's).
Partial eta squared effect sizes are reported for F tests and values greater than or equal to .01, .06,



and .14 deemed as small, medium, and large, respectively (Cohen, 1988). Cohen's D effect sizes
are reported for post-hoc pairwise comparisons and values greater than or equal to .20, .50, and
.80 deemed as small, medium, and large, respectively (Cohen, 1988).

3. Results
3.1. Mean Velocity

For learning, results revealed a main effect for time, F (1.00, 30.00) = 4.40, p = .045, partial 2 =
.13, with participants reducing their medial-lateral velocity from baseline to retention. There was
also a significant main effect for condition, F (2.00, 30.00) = 3.75, p = .035, partial 2 = .20, with
Tukey's post-hoc analyses revealing lower mean velocity for the external focus compared to the
control (p =.045, d = .71). While there was no significant interaction (p = .272, partial > = .08),
our ANCOVA revealed a main effect for condition at retention, £ (2.00, 29.00) = 4.21, p = .025,
partial 2= .23, with Tukey's post-hoc analyses revealing lower mean velocity for those in the
external focus compared to the control (p =.019, d = 1.21).

During acquisition, there was a significant main effect for effect for day, Greenhouse-Geisser
adjusted, F (3.67, 73.54) = 17.87, p < .001, partial > = .47. Pairwise comparisons (Bonferroni
corrected) revealed significant reductions in mean velocity from Day 1 to Days 3 (p =.017,d =
.66), 4 (p=.009,d=.79),5 (p=.002,d=.87),6 (p <.001,d=1.03),and 7 (p <.001, d = 1.06),
and from Day 2 to Days 4 (p =.011,d =.53), 5 (p =.003, d = .60), 6 (p <.001, d =.76), and 7

(» <.001, d=.81), and from Day 3 to Days 5 (p =.023,d=.24),6 (p =.019,d = .44),and 7 (p <
.001, d = .49). There was also a significant main effect for block, ' (3.31, 66.28) = 6.98, p <
.001, partial > = .26, with pairwise comparisons (Bonferroni corrected) revealing a significant
reduction in mean velocity from Block 1 to Blocks 4 (p =.015,d = .20) and 6 (p =.017,d = .19),
from Block 2 to Block 4 (p =.042, d = .15). There was a main effect for condition during
acquisition with those in the external focus displaying lower mean velocity than those in the
internal focus, F (1.00, 20.00) = 4.40, p = .049, partial > = .18. There was no block x day
interaction (p = .370, partial > = .05), block x condition interaction (p = .145, partial 2 = .08), day
x condition interaction (p = .395, partial > = .05), or block x day x condition interaction (p =
.508, partial 2 = .04) for mean velocity. See Table 1 for all means and standard deviations for
mean velocity.

Table 1. Mean medial-lateral velocity (Mean and SD) (m/s)
TABLE 1 MAY BE FOUND AT THE END OF THIS FORMATTED DOCUMENT

3.2. Standard Deviation Velocity

For learning, there were no significant main effects for time (p = .576, partial >=.01) or
significant interaction (p = .621, partial 2= .03). However, there was a significant main effect for
condition, F (2.00, 30.00) = 4.95, p = .014, partial > = .25, with Tukey's post-hoc analyses
revealing lower mean velocity for the external focus compared to the control (p =.012, d = 1.10).
No significant differences were revealed for the follow up ANCOVA at retention (p = .292,
partial 2 =.08).



During acquisition, there was a significant main effect for effect for day, Greenhouse-Geisser
adjusted, F (1.62, 32.40) = 8.19, p = .002, partial 2 = .29. Pairwise comparisons (Bonferroni
corrected) revealed significant reductions in SD velocity from Day 2 to Days 6 (p =.036, d =
.63)and 7 (p = .005, d = .69), and from Day 3 to Day 7 (p = .046, d = .44). There was a
significant main effect for block, F (3.03, 60.64) = 13.72, p < .001, partial 2 = .41, with pairwise
comparisons (Bonferroni corrected) revealing a significant reduction in SD velocity from Block
1 to Blocks 3 (p =.016,d =.15), 4 (p =.006,d = .21), 5 (p = .002, d = .27), and 6 (p = .003, d =
.30), and from Block 2 to Blocks 4 (p =.008, d = .15), 5 (p <.001, d = .20), and 6 (p = .003, d =
.23). Also, there was a main effect for condition during acquisition with those in the external
focus displaying lower SD velocity than those in the internal focus, F (1.00, 20.00) =4.49, p =
.047, partial > = .18. There was no block x day interaction (p = .522, partial > = .04), block x
condition interaction (p = .145, partial > = .08), day x condition interaction (p = .727, partial > =
.02), or block x day x condition interaction (p = .651, partial > = .04) for SD velocity.

See Table 2for all means and standard deviations for standard deviation velocity.

Table 2. Standard deviation medial-lateral velocity (Mean and SD) (m/s)
TABLE 1 MAY BE FOUND AT THE END OF THIS FORMATTED DOCUMENT

Table 3. Sample entropy medial-lateral velocity (Mean and SD) (no units)
TABLE 1 MAY BE FOUND AT THE END OF THIS FORMATTED DOCUMENT

3.3. Sample Entropy Velocity

For learning, there were no significant main effects for time (p = .164, partial 2 = .06) or
condition (p = .231, partial > = .09). While there was a significant time x condition
interaction, £(2.00, 30.00) = 3.35, p = .049, partial 2 = .18, this was driven by inter-individual
differences at baseline, as no significant differences at retention were observed when baseline
was added as a covariate (p = .135, partial 2 = .13).

For acquisition, there was no significant main effect for day (p = .437, partial > = .04), condition
(p = .906 partial > =.001), block x condition interaction (p = .709, partial > = .02), block x day
interaction (p = .33, partial > = .08), day x condition interaction (p = .208, partial > = .08), or
block x day x condition interaction (p = .085, partial 2 = .05) for SampEn velocity. However,
there was a significant main effect for block, F (2.78, 55.57) = 21.16, p < .001, partial 2 = .51,
with pairwise comparisons (Bonferroni corrected) revealing a significant reduction in SampEn
velocity from Block 1 to Blocks 4 (p =.013,d=.21),5 (p =.001,d=.29),and 6 (p <.001,d =
.33), and from Block 2 to Blocks 4 (p =.003, d =.16), 5 (p <.001,d =.23),and 6 (p <.001,d =
.27), and from Block 3 to Blocks 5 (p <.001, d = .16) and 6 (p <.001, d = .20), and from Block 4
to Block 6 (p =.008, d =.11). See Table 3 for all means and standard deviations for SampEn
velocity.

4. Discussion
The purpose of this study was to examine the effects of attentional focus on the performance and

learning of a dynamic balance task over seven training sessions. This was accomplished by
having participants practice a dynamic balance task over the course of seven days and assessed



balance control changes via an inertial measurement unit. While we predicted more favorable
balance control characteristics over the course of seven days regardless of condition due to
practice effects, we expected those who were given external focus instruction to display superior
balance control characteristics throughout acquisition and at retention relative to the internal
focus and the control condition.

Congruent with our first hypothesis, both training groups did improve their performance from
early to late blocks within each day, while also improving over the course of seven days as
measured by mean velocity. A reduction in mean velocity is considered favorable as it represents
superior neuromotor control function needed for maintaining upright stance (Baloh, Jacobson,
Beykirch, & Honrubia, 1998; Baloh, Jacobson, Enrietto, Corona, & Honrubia, 1998; Davids,
Kingsbury, George, O'Connell, & Stock, 1999; Le Clair & Riach, 1996). The reduced mean
velocity indicate that participants improved their ability to control the balance board throughout
training regardless of group assignment. This is congruent with previous interventions that have
demonstrated improvements in balance control following training (Buchner et al., 1997; Davis
et al., 2010; Wolfson et al., 1992) and further supports the use of balance boards as training
instruments (Soderman, Werner, Pietild, Engstrom, & Alfredson, 2000; Verhagen et al., 2004).

In partial support of our second hypothesis, those in the external focus condition displayed more
favorable balance control characteristics during performance as measured by medial-lateral
board mean and SD velocity and at retention as measured by the board medial-lateral velocity.
This supports previous attentional focus literature which has demonstrated superior balance
control when individuals adopt an external focus (Chiviacowsky et al., 2010; Jackson &
Holmes, 2011; Landers, Wulf, Wallmann, & Guadagnoli, 2005; McNevin & Wulf, 2002; Wulf
et al., 2001) and contributes to previous research (McNevin & Wulf, 2002; Wulf et al., 2003) by
extending the typical time frames of these studies to seven days. Our data indicate that an
external focus continues to be beneficial after multiple training sessions and continuous practice
with an internal focus does not supersede the benefits of an external focus. Thus, attentional
focus influences the trajectory in which novel motor tasks are learned with participants
performing and learning at a superior rate when given external focus instruction. This has
implications for previously ineffective fall-prevention programs (de Vries et al., 2010; Hendriks
et al., 2008). The failure to include an external focus with balance training might minimize the
efficacy of such programs as participants behave in a manner consistent with an internal focus
when no instruction is given (Landers et al., 2005; McNevin & Wulf, 2002; Wulf, Zachry,
Granados, & Dufek, 2007). Practitioners should consider implementing an external focus when
developing interventions designed to reduce fall-risk.

Similar results relative to improved retention or performance effects of external focus did not
manifest when examining participants’ balance control using a nonlinear variability metric
(SampEn). We did, however, find a block main effect for SampEn velocity that revealed
significant reductions in SampEn velocity from early to late blocks. Following the framework
proposed by Lipsitz (2002), reductions in SampEn reflect more rigid, patterned, and potentially
less adaptive behavior. Our interpretation of this finding, however was task-dependent.
Considering we also found reductions in mean and SD velocity from early to late blocks, we
consider the reduction in SampEn velocity as an indicator that the motor system selected a
patterned behavior as most appropriate for this dynamic balance task. Participants may have



adopted a patterned and rigid approach to reduce velocity and the magnitude of the variability to
effectively keep the board (or their feet) level. This is an important contribution as balance
boards have rapidly gained popularity to easily assess (Diekfuss et al., 2018) and train balance
(Cloak, Nevill, Day, & Wyon, 2013; Soderman et al., 2000), and this is the first data
documenting the dynamical movement strategies participants adopt while practicing. The
adoption of a balance board should be context dependent. Based on our data, patients who
currently have more random control of their motor behavior may benefit from the balance board,
which was shown to move people toward a more patterned motor behavior in our study.

This study is limited by our assessment of balance control at two different locations with
different floors. Our board velocity was qualitatively poorer (higher mean and SD velocity and
lower SampEN) during baseline and retention relative to training. While this unintentionally
influenced our findings, we deemed this satisfactory as we statistically compared the baseline
and retention data independent from the training data. To our knowledge, no previous research
has reported differences in balance board movement on different floors, but recognize that future
work should consider completing all testing at the same location. We also did not have our
control group practice the motor task with no focus instruction throughout the acquisition. We
elected to do this as previous balance training paradigms have had control groups refrain from
any form of training (Drijkoningen et al., 2015) or have completed other unrelated training such
as general conditioning (McGuine & Keene, 2006) and standard protocols used for rehabilitation
purposes (Eser, Yavuzer, Karakus, & Karaoglan, 2008). Future work could also examine
variations in intensity or duration. For example, instead of completing 30 trials a day for 7
straight days, it would be interesting to increase the duration of training (e.g., 60 trials), but with
longer periods between session (e.g., three times per week) as distributed practice is associated
with more effective learning (Benjamin & Tullis, 2010). It would also be important to integrate
variations in practice schedules as this has been shown to interact with attentional focus
(Raisbeck, Regal, Diekfuss, Rhea, & Ward, 2015).

Despite these limitations, this study makes two important contributions. First, our data supports
the CAH and fills a gap in the literature by assessing balance performance and learning over the
course of seven straight days. Classical attentional focus effects, specifically during acquisition,
were confirmed supporting an external focus for training a dynamic balance task. Per the CAH,
focusing on the effects of one's movement permits more automatic and reflexive behavior which
has been substantiated using neuromuscular measures such as EMG (Lohse et al., 2010; Vance,
Wulf, Téllner, McNevin, & Mercer, 2004). While our study did not integrate such measures, our
data indicate that focusing on the movement outcome improved participants’ motor control by
reducing the board's velocity and linear variability. In contrast, focusing on movement execution
has been shown to induce a higher degree of cocontractions between agonist and antagonist
muscles (Lohse, Sherwood, & Healy, 2011) which may have contributed to the relative increased
velocity and linear variability when participants were asked to focus on their feet. Secondly,
albeit our data did not reveal attentional focus differences for nonlinear variability (SampEn
velocity), it furthered our understanding of how participants modify their dynamic balance
strategy within-training sessions. Specifically, participants may adopt a patterned and rigid
behavior to succeed with their respective instruction (feet or board level). The balance board
used in this study is similar to a variety of attentional focus studies that have used stabilometers
(Chiviacowsky et al., 2010) and it would be interesting to assess changes in SampEn on these or



similar apparatuses. In conclusion, this research supports the use of an external focus for balance
training and provides additional information pertaining to participants’ balance control strategy
within training sessions on a dynamic balance board.
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For learning, significant main effect for time with lower mean velocities at retention compared to baseline, p <.05. A follow up ANCOVA revealed a main effect at retention when controlling for baseline with those in the external focus displaying significantly lower
mean velocity than control, p <.05. During acquisition, significant within-day and between-day effects with lower mean velocity from early to late blocks and early to late days, all p <.05. Significant main effect for condition throughout acquisition with a lower mean
velocity for those in the external focus compared to the internal focus, p <.05. Baseline and retention data were collected at a different location with a denser floor than acquisition (see methods and limitations).
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No significant main effects for learning (p > .05). During acquisition, significant within-day and between-day effects with lower SD velocity from early to late blocks and early to late days, all p <.05. Significant main effect for condition throughout acquisition with a
lower SD velocity for those in the external focus compared to the internal focus, p <.05. Baseline and retention data were collected at a different location with a denser floor than acquisition (see methods and limitations).

Table 3. Sample entropy medial-lateral velocity (Mean and SD) (no units)
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No significant main effects for learning (p > .05). During acquisition, significant block £ day interaction (p < .05), with significant reductions in SampEn from early to late blocks for days 1, 2, 4, 5, 6, 7. No differences or interactions for the focus of attention between
days, all p > .05. Baseline and retention data were collected at a different location with a denser floor than acquisition (see methods and limitations).



