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A B S T R A C T

Background: The OPTIMAL theory of motor learning identifies motivational (enhanced expectancies, EE, and
autonomy support, AS) and attentional (an external attentional focus, EF) factors that affect motor performance
and learning [1]. One implication of this theory is that standardized clinical and laboratory assessments of
physical capacity and motor performance that do not incorporate optimizing conditions may underestimate true
maximal capabilities. The influence of "optimized" conditions on a clinical-applied test of balance control was
examined with healthy participants. Given the motor performance benefits of optimized conditions predicted by
the OPTIMAL theory, it was hypothesized that providing participants with information that induced EE, pro-
vided them with AS, and promoted their use of EF would reduce balance errors and postural sway.
Methods: We used as an exemplar assessment, the Balance Error Scoring System (BESS), and center-of-pressure
(COP) velocity measurements of postural sway. Participants performed under two different conditions, separated
by two days: an optimized (EE, AS, and EF) condition and a control (“neutral”) condition, with sample-wide
order counterbalancing. In each condition, participants performed three stances (double-leg, single-leg, and
tandem) on two support surfaces (firm and foam). Stance order was participant-determined in the optimized
condition and, for the control condition, yoked to a participant in the optimized condition.
Results: Participants committed fewer balance errors in the optimized condition than in the control condition (p
< .001) and their resultant COP velocity in the optimized condition was lower than that in the control condition
(p = .004). BESS scores were correlated with resultant COP velocity (r = .593, p < .001).
Significance: Our results demonstrated the impact of implementing optimized, as opposed to “neutral” control,
conditions for better insight into balance capabilities in normal and challenging situations. Practitioners’ roles in
mediating test situations and using subtle wording to promote optimized performance may have consequential
impacts on motor assessment outcomes.

1. Introduction

Assessments of motor performance in sport, fitness, and clinical contexts
are ubiquitous. They include measurements of maximal grip strength, car-
diorespiratory endurance, maximal jump height, postural control, gait ve-
locity, and reaction time, to name but a few. The outcomes of such physical
fitness and functional capability assessments can involve initial or return-to-
play placement and roles on sports teams [e.g., 2–4], access to clinical ser-
vices [e.g., 5–7], occupational qualification [e.g., 8,9], and a sense of con-
fidence or progress [e.g., 10–12] to participants. For decades, coaches,
clinicians, researchers, and other professional practitioners have been
trained to obtain measurements of motor capabilities using standardized

procedures to allow for valid comparisons pre- and post-intervention as well
as normatively across age, experience, and health cohorts [e.g., 13–16].

Clinical tests of motor performance assess different components of motor
ability. An accurate diagnosis of neuromotor deficits is contingent upon the
valid and reliable measurement of maximal movement capability at the time of
testing [17]. For this purpose, standard tests for balance assessment are fre-
quently used by practitioners in various rehabilitation settings to evaluate pa-
tients with a wide variety of clinical conditions, including musculoskeletal
disabilities, neurological diseases, geriatric disorders, and vestibular dysfunc-
tion [18–22]. Standardized balance testing is typically carried out by clinical
observation or instrumented measurement. The Balance Error Scoring System
(BESS) test [23] is among these assessments. The BESS test is an established
observer-scored measure of static postural stability through assessment of the
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number of movement errors committed by a person while attempting to adopt
an assortment of stances on several support surfaces. As a balance test, BESS has
criterion-based validity for quantifying static balance performance with re-
lationships to instrumented measurements [24]. The BESS test has been vali-
dated with force platform measurements of center-of-pressure (COP) sway area
[23]. COP velocity itself is a commonly used measure of postural control in
posturography, found to have good validity and reliability in a variety of po-
pulations [25–27].

Conventional instruction and testing protocols employed within stan-
dardized testing procedures, examined in the light of current theoretical
perspectives and empirical evidence, however, may not reveal participants’
true underlying capabilities. There is empirical evidence that optimal or
maximal performance in a variety of movement activities can be approached
or facilitated by positive expectations of success, support for performers’
autonomy, and instructions that promote the use of external foci of attention
[e.g., 1,28–33]. For example, Montes and colleagues showed that maximum
aerobic capacity (VO2max) was increased in a group receiving positive per-
formance feedback relative to a control group that did not receive an ex-
pectancy-enhancing statement [31]. Further, an external focus of attention
increased jump distance relative to a control condition [29]. The OPTIMAL
(Optimizing Performance Through Intrinsic Motivation and Attention for
Learning) theory of motor learning [1] provides a theoretical framework
within which to situate understanding of factors that contribute to motor
performance, including during standardized testing. Note that with this
acronym, there is no assertion that all possible influences on a hypothetical
maximal performance have been identified, merely that there are several
motivational and attentional factors, for which considerable empirical evi-
dence has been marshaled, that can elevate performance and learning. This
theory predicts that enhanced expectancies (EE), autonomy support (AS),
and external attentional focus (EF) are three key factors that can be applied
individually or in combination to provide immediate benefits for motor
performance and longer-term advantages for motor learning.

The use of simple statements in feedback or instructions that enhance a
person’s expectations of positive or successful outcomes has been shown to
influence motor performance. The provision of a suggestive statement to older
adult participants indicating that it was the norm for persons of a similar age
group to perform well on the same balance task with which they were faced or
positive social-comparative feedback, for example, provided them with im-
mediate (during practice) as well as delayed (during retention test) perfor-
mance-enhancing benefits [34]. Healthy participants who were made to believe
that a placebo treatment was effective not only perceived their balance control
to be subsequently more stable but also produced less postural sway than their
counterparts who were informed that a given treatment would not have an
effect on their balance performance [35]. Older adults in skilled nursing fa-
cilities who received motivational messages more frequently from therapists
trained in using patient-engagement techniques during each rehabilitation
session had greater functional recovery than their counterparts who underwent
a standard-of-care rehabilitation program [36].

Another way that motivation can improve motor performance is through
some form of support for a person’s sense of agency or basic psychological need
to be autonomous [37]. Autonomy support in the form of choice has been
studied with respect to performance in a variety of non-motor tasks. For ex-
ample, in a meta-analysis of studies of the impact of choice [38] on multiple
outcomes, the average effect on task performance was .32. With respect to
motor performance, participants showed greater movement effectiveness or
efficiency when allowed to make a small or incidental choice [30,39,40].
Iwatsuki et al. [41] found that participants required less muscular activity to
produce three given torque levels when they were able to choose the order of
execution than when they were not given such a choice for an isometric force
production task. Specific to balance performance, Wulf and Adams [42] found
that participants made fewer balance errors when allowed to self-determine the
order of balance exercises from among a set they were asked to perform. Ad-
vantages for delayed test performance after a single bout of self-controlled
practice, in which learners were given some degree of control over task con-
ditions, have also been shown to extend to special populations [43,44]. For
example, participants with Parkinson’s disease who were given a choice re-
garding whether to use a balance pole during each of 10 balance-learning trials
not only performed significantly better during the retention test, but also re-
ported greater motivation to learn the balance task, lower anxiety levels, and

less internal attentional focus (on body movements) [43].
Considerable empirical evidence has accumulated in support of the

performance advantages of adopting an external focus on intended move-
ment outcomes, relative to an internal focus on body movements or no
particular focus of attention [for reviews, see 1,45]. More recently, in a static
balance performance task, it was found that younger and older adults alike
displayed greater balance stability when instructed to use an external focus
as compared to employing an internal focus, and compared to not receiving
any focus instructions [46]. Of clinical relevance, Wulf, Landers,
Lewthwaite, and Töllner [47] asked individuals with Parkinson’s disease to
balance on an unstable surface. These authors found that participants ex-
hibited less postural sway when they were instructed to focus on minimizing
movement of the support surface (EF condition) than when they were asked
to minimize movements of their feet (internal focus condition), or when they
were not given attentional focus instructions (control condition).

Recent research has examined the impact of multiple OPTIMAL factors
on motor performance and learning. The research described above estab-
lished that factors identified in the OPTIMAL theory, deployed individually,
benefitted performance and learning. A series of studies systematically
compared combinations of two factors, EE and AS [48], EE and EF [49], and
EF and AS [50], against one or none. Two factors resulted in added con-
tribution to learning compared with a single or no factor. Wulf, Lewthwaite,
Cardozo, and Chiviacowsky [51] extended this line of work to compare
operationalizations of all three factors against all possible combinations of
two factors—again finding additive effects with multiple factors. Chua and
colleagues found similar and incremental benefits relative to a control group
in a performance study on maximal jump height in which three factors were
consecutively delivered to an optimized group [28].

Among the implications of this recent work is that performance under
“optimized” conditions with respect to EE, AS, and EF—in a range of tasks
including activities in which maximal capacity has been of interest—often
differs from a “neutral” or control condition. As insight into these motiva-
tional and attentional factors is relatively recent, they are typically not in-
tegrated in standardized clinical or applied performance testing protocols in
which “neutral” conditions may be conventionally sought. As an example,
consider the instructions for a well-known clinician-administered assess-
ment of balance and fall risk, the Timed Up and Go or TUG test [52] (“Today
you are going to perform the Timed Up and Go. This test helps clinicians
understand balance and fall risk. When I say “GO” you will stand up, walk as
fast as you can around the cone, and return to the seated position on the
chair. I will time how long this takes you.”). Test instructions such as these
can be seen as somewhat directive, or controlling, and are not designed to
give participants a sense of autonomy. The present study aims to examine
the impact of a brief optimizing instruction, incorporating EE, AS, and EF,
versus a conventional “neutral” instructional set on motor performance. We
chose the BESS test to implement a set of task protocols during which bal-
ance performance could be assessed by validated observer-determined error
scores based on a standardized rating rubric. To further validate our find-
ings, we added an instrumented measure of postural sway. We used a within-
participants design, with individuals providing their own comparison, to
avoid possible confounding influences of interindividual differences [53,54].
We hypothesized that administering “optimized” (motivational- and atten-
tional-focus-inducing) instructions during static balance testing would im-
prove postural control, in terms of fewer balance errors and less postural
sway (i.e., lower resultant COP velocity), during the performance of balance
tasks of various degrees of difficulty. If this were the case, it may have im-
portant implications for the testing of motor performance in clinical and
applied settings.

2. Methods

2.1. Participants

Thirty-six 18–42 year-old healthy participants (14 females, 22 males) with
a mean age of 24.3 years (SD = 5.07) were recruited for this study. To de-
termine leg dominance, participants were asked to complete the Waterloo
Footedness Questionnaire - Revised [55]. Four participants were left-leg
dominant. All participants were naïve as to the specific purpose of the ex-
periment. They gave written informed consent before participation in the study.
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The experimental protocol was approved by the university’s institutional re-
view board. A sensitivity power analysis was conducted using MorePower 6.0
[56] for a mixed factorial design with one between-participants factor and three
within-participants factors using a sample size of 36, an α value of .05, a power
value of .80, and an estimated η2p value of .095 [28,51]. The computation in-
dicated that a minimum effect size (i.e., η2p value) of .20 had to be detected to
signify a significant main effect of any of the independent variables.

2.2. Apparatus and task

The BESS test is a balance battery of three postural stances (double-leg,
single-leg, and tandem) performed on two types of surface (firm and foam),
administered here under two counterbalanced conditions (optimized and con-
trol) to each participant. Participants were asked to stand with the medial sides
of their feet touching in the double-leg stance. In the single-leg stance, they
stood on their nondominant foot while keeping the dominant-side hip flexed at
approximately 30° as well as dominant-side knee flexed at approximately 45°
and close to but not touching the nondominant leg. While adopting the tandem
stance, participants were asked to place the feet in a heel-to-toe position with
the nondominant foot posterior to the dominant foot. Participants were told to
keep their eyes closed and rest their hands on their hips while remaining as still
as possible in the respective stance for the entire duration of 25 s for each trial.
The firm and foam surfaces were comprised of the rigid surface of the force
platform and a compliant medium-density foam pad placed on the force plat-
form, respectively. Changes in COP velocity reflecting planar postural sway as a
resultant vector in both the anterior-posterior and medial-lateral directions
were measured with a portable force platform (Model FP4060-05-PT; Bertec
Corporation, Amherst, NY). A video camera was used to record participants’
balance performance for post-experimental determination of BESS scores. Force
platform measurement for concurrent postural sway assessment, stance order
variation, and the use of a video camera for scoring verification were used in
addition to the standard BESS administration protocol for the purposes of this
study.

2.3. Procedure

All participants performed the BESS test under optimized (through si-
multaneous application of EE, AS, and EF factors) and control (i.e., conven-
tional instructions) conditions. The respective experimental sessions for these
two conditions were separated by two days. The order of conditions was
counterbalanced across participants to control for potential order effects.

At the beginning of the first experimental session, the experimenter
explained the task goal (of achieving maximal balance stability) and briefed
the participants on the posture requirements while providing a demonstra-
tion of the three different stances (double-leg, single-leg, and tandem). Prior
to the start of each trial, participants were given the basic instruction to
stand as still as possible for the entire duration of each trial. For the ex-
perimental session when the optimized condition was assigned, additional
information and instructions congruent with the three factors (EE, AS, and
EF) were also provided to participants before they began each trial. For the
EE factor, participants were informed that there is research evidence in
support of the advantageous use of an external focus (EF) on the support
surface for doing well in balance tasks (“Research has shown that if you
concentrate on the support surface, you will be able to do well at the task.”).
Thus, the EE and EF factors were combined in one statement.

For the AS factor, participants were asked to choose the order of the three
stances they would like to use for each type of support surface. In the control
condition, no information about research evidence showing benefit of using EF
was provided to the participant, no attentional focus instruction was given, and
the order of stances to be performed by each participant on each of two support
surface types was yoked to the choice of order made by another participant in
the optimized condition. All three types of stance were always performed on the
firm surface first, followed by the foam surface, resulting in a total of six trials
per day of experiment (i.e., in each session). Participants were not given any
performance feedback after trials. They rested for one minute in between trials.
Two days later, they returned to the laboratory to complete another six trials,

but under the other condition. Samples of trial arrangement are presented in
Fig. 1.

Two observers independently reviewed the video recordings offline to as-
sess balance performance. One of the two observers was blind to the experi-
mental condition under which each assessed trial was performed. According to
the BESS standardized scoring algorithm, one point was added to the error
score of a test trial for every occurrence of any of the following mistakes: lifting
of hand(s) off hips, opening of eye(s), falling or stumbling, abducting or flexing
the hip for more than 30°, lifting of forefoot or heel off the support surface, and
if a participant remained out of the required stance for more than five seconds
[24]. The maximum error score was capped at 10 points for each test trial [57].
Any failure to maintain the required stance for a minimum of five seconds also
warranted this maximum error score of 10 points [58].

2.4. Dependent variables and data analysis

2.4.1. Rating reliability
Inter-rater reliability in assessing the balance scores was determined

using intraclass correlation (ICC) analysis based on a two-way random-ef-
fects, absolute-agreement, single-rating model with two raters [59]. Ac-
cording to the classification scheme of Portney and Watkins [60], coefficient
values of <.50, .50–.74, .75–.90, and >.90, respectively, indicate poor,
moderate, good, and excellent correlation.

2.4.2. Balance performance
The dependent variables were BESS scores (for which lower scores reflect

fewer errors and more effective performance) and resultant COP velocity, with
values averaged across participants for each order, condition, surface, and
stance. A 500-Hz built-in anti-aliasing filter resulted in a sampling rate of 1000
Hz for data acquisition. To obtain an accurate measurement of participants’
sustained balance performance, the first five seconds while participants
adopted an initial position were excluded, such that only the last 20 s of each
25-s trial were used for data analysis. Trial durations of 20 s have been found to
provide reliable data for examining postural stability [61,62]. All raw COP data
were bi-directionally smoothed with a fourth-order low-pass Butterworth filter
using a cutoff frequency of 5 Hz [26]. If a participant partially or fully stepped
from the support platform, those portions of the trial were removed because
COP data captured for these instances would register as no vertical reaction
force and not be representative of the participant’s balance performance. Two
sets of time series data were then derived from the processed COP data to
represent COP positional excursions in the antero-posterior and medio-lateral
directions, from which the resultant COP velocity was computed using a
custom-written MATLAB script.

As all participants performed under both optimized and control conditions
in a counterbalanced manner, condition order was included as a between-
participants factor in the analysis of variance (ANOVA). Each dependent vari-
able was analyzed in a 2 (orders: optimized-control, control-optimized) × 2
(conditions: optimized, control) × 2 (surfaces: firm, foam) × 3 (stances:
double-leg, single-leg, tandem) mixed-factor ANOVA with repeated measures
on the last three factors. Post-hoc analysis consisted of pairwise comparisons
with Bonferroni adjustments of the alpha level for multiple comparisons.
Mauchly’s test was used to check the assumption of sphericity and correction to
the degrees of freedom was applied in cases of violation. The alpha level de-
noting statistical significance was set at .05 and partial eta squared (η2p) effect
sizes are reported when appropriate.

2.4.3. Measurement validity
The strength of association of the BESS score data obtained via observer

rating with the resultant COP velocity data derived from COP displacement
measurements was assessed. Data transformation was first performed to con-
vert both dependent variables of BESS score and resultant COP velocity to z-
scores. A Pearson product-moment correlation analysis was then conducted to
determine the relationship between these two dependent variables. Correlation
coefficient values of 0–.29, .30–.49, .50–.69, .70–.89, or .90–1 were interpreted
as negligible, low, moderate, high, or very high, respectively [63].
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3. Results

3.1. Rating reliability

The ICC (2, 1) for 86 (20 %) randomly selected trials was r= .811, 95 %
CI [.722, .874], p< .001. Thus, good inter-rater reliability was found in the
BESS scoring of the participants’ performance.

3.2. Balance performance - BESS score

Participants had lower BESS scores (i.e., committed fewer errors) in the
optimized condition than the control condition. As expected, BESS scores were
also lower when they balanced on the firm surface than the foam surface.
Furthermore, BESS scores were lowest for the double-leg stance, followed by
the tandem stance and the single-leg stance. As shown in Table 1, the main
effects of condition, F (1, 34) = 26.77, p< .001, η2p = .44, surface, F (1, 34) =
100.91, p< .001, η2p = .75, and stance, F (2, 68) = 101.76, p< .001, η2p = .75
were significant. Across the three types of stance, post-hoc tests indicated that
participants made more errors while balancing using the single-leg stance than
either the double-leg stance, p < .001, η2p = .48, or the tandem stance, p <
.001, η2p = .05; error scores were higher for the tandem stance than the double-
leg stance, p< .001, η2p = .30. There was also a significant interaction between
surface and stance, F (2, 68) = 29.71, p< .001, η2p = .47 (see Fig. 2). Post-hoc
analysis revealed that for the firm surface, participants had higher error scores
for the single-leg stance than for either the double-leg stance, p < .001, η2p =
.33, or the tandem stance, p= .013, η2p = .05; their error scores were higher for
the tandem stance than the double-leg stance, p< .001, η2p = .21. Likewise, for
the foam surface, participants had higher error scores when balancing in the
single-leg stance as compared to either the double-leg stance, p < .001, η2p =
.76, or the tandem stance, p< .001, η2p = .11; the error scores for the tandem
stance were higher than those for the double-leg stance, p < .001, η2p = .45.
Neither the main effect of order nor other interaction effects were significant.
Across participants, the total error score (of six trials over two surface types and
three stance types) was on average 16 % (SD= 24.1 %) lower in the optimized
condition (M= 12.4, SD= 4.49) than the control condition (M= 15.4, SD=
5.83). In the optimized condition, participants were given the maximum error
score of 10 points for 1.85 % of trials whereas this maximum penalty was
meted out for 6.02 % of trials in the control condition.

3.3. Balance performance - resultant COP velocity

Balance performance was more effective in the optimized (versus control)

condition, on the firm (versus foam) surface, in the double-leg (versus single-leg) 
stance, and in the double-leg (versus tandem) stance. The Condition main effect 
was significant, F (1, 34) = 9.41, p = .004, ηp2 = .22, with the resultant COP  
velocity in the optimized condition being lower than the control condition (see 
Table 1). There was also a significant Surface main effect, F (1, 34) = 160.68, p 
< .001, ηp2 = .83. Not surprisingly, resultant COP velocity was lower while 
balancing on the firm surface than the foam surface. The Stance main effect was 
significant as well, F (2, 68) = 79.56, p < .001, ηp2 = .70. Post-hoc pairwise 
comparisons showed that resultant COP velocity was higher for single-leg stance 
relative to double-leg, p < .001, ηp2 = .26, but not tandem stance, p > .100, ηp2 

< .01. Resultant COP velocities were higher for tandem compared with double-
leg stance, p < .001, ηp2 = .24. The Surface × Stance interaction was significant, 
F (2, 68) = 17.66, p < .001, ηp2 = .34 (see Fig. 3). Post-hoc tests revealed that

Fig. 1. Sample arrangements of 12 trials (over two experimental sessions) for each of four example participants. For each experimental day (session), the order of
surface types was fixed as firm-foam, but the stance order for each surface type was either chosen by the participant or yoked to another participant. Order of
conditions (optimized and control) was counterbalanced across all 36 participants.

Table 1
Mean (and standard deviation) values for significant main effects and interac-
tion of independent variables.

BESS score Resultant COP velocity (cm/s)

Main effects

Condition
Optimized 2.07 (2.45) 13.11 (6.70)
Control 2.57 (3.00) 14.18 (7.63)

Surface
Firm 1.25 (1.98) 10.19 (6.71)
Foam 3.38 (3.00) 17.10 (5.89)

Stance
Double-leg 0.19 (0.61) 8.89 (5.71)
Single-leg 4.04 (2.74) 15.85 (5.89)
Tandem 2.73 (2.70) 16.20 (7.37)

Interaction effects

Firm surface
Double-leg stance 0.01 (0.12) 4.24 (2.24)
Single-leg stance 2.35 (2.34) 14.22 (6.04)
Tandem stance 1.40 (1.88) 12.10 (6.21)

Foam surface
Double-leg stance 0.38 (0.81) 13.54 (4.08)
Single-leg stance 5.72 (1.95) 17.48 (5.30)
Tandem stance 4.06 (2.74) 20.30 (6.07)
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participants had higher resultant COP velocity while balancing on the firm
surface for single-leg stance than for either double-leg stance, p < .001, η2p =
.55, or tandem stance, p = .017, η2p = .03; resultant COP velocity was higher
for tandem stance than double-leg stance, p < .001, η2p = .41. On the foam
surface, participants’ resultant COP velocity was higher for tandem stance than
for either double-leg stance, p< .001, η2p = .30, or single-leg stance, p< .001,
η2p = .06; resultant COP velocity was higher for single-leg stance than double-
leg stance, p< .001, η2p = .15. Additionally, there was a significant interaction
between order of conditions and surface type, F (2, 68) = 4.83, p= .035, η2p =
.12. Post-hoc analysis, however, could not identify the source of the interaction.
The main effect of order as well as other interaction effects were non-sig-
nificant.

3.4. Measurement validity

Bivariate correlation results showed a moderate to high correlation be-
tween Z-transformed BESS scores and Z-transformed resultant COP velocity.
The two measures were correlated at r = .593, 95 % CI [.540, .700], p <
.001.

4. Discussion

Our results, whether in terms of error scoring or resultant COP velocity,
showed greater standing postural stability in test conditions optimized with
EE, AS, and EF relative to that in control (“neutral”) conditions. These
findings are in line with those of Chua et al. [28] comparing maximal-effort
motor performance in similar conditions. Together those findings support
the OPTIMAL theory’s prediction that pairing motor testing with conditions

Fig. 2. Balance performance by types of support surface and stance types as measured by BESS score for the optimized and control conditions. Error bars represent
standard errors.

Fig. 3. Balance performance by types of support surface and stance types as measured by resultant COP velocity for the optimized and control conditions. Error bars
represent standard errors.
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that amplify intrinsic motivation (EE and AS) and direct attention externally
(EF) facilitates performance [1]. We simultaneously implemented these
three variables through a set of instructions that provided a simple knowl-
edge statement, suggestion of choice, and a reminder to concentrate on the
(external) support surface. This optimized condition resulted in greater
postural stability, across three stances performed on two types of surface,
relative to the “neutral” instructions used in the control condition.

OPTIMAL theory posits that the beneficial influences of enhanced ex-
pectancies, autonomy support, and an external focus of attention operate by
priming or strengthening goal-action coupling, including connectivity across
brain regions required for effective performance of the given movement task
[1]. The two motivational factors, EE and AS, are seen as rewarding and be-
lieved to act as intrinsic neuromodulators, triggering dopamine response in
temporal relationship with motor action [e.g., 64,65]. The attentional factor, an
external focus, may clarify neuromuscular coordination by suppressing un-
necessary neural activity [66,67] and muscular co-contraction [e.g., 68,69],
and indirectly, by facilitating successful (i.e., rewarding) performance.

While comparisons between optimized (or partially optimized, with one
or two factors) and control conditions have yielded motor performance
differences experimentally [e.g., 28,32,40,70], these effects were not for-
mally examined under conventional clinical or applied standardized per-
formance testing conditions. We showed that a comprehensive approach to
balance assessment, which takes into consideration the contribution of
multiple factors—including those from psychological, cognitive, and phy-
sical domains of motor performance—is required to elicit performance
closer to a person’s true maximal capabilities. By employing subtle but small
instructional distinctions to differentiate an optimized testing condition
from a “neutral” testing condition, we demonstrated the significance of the
provision of optimal instructions in determining maximal performance
outcome in a clinical-applied balance test. Based upon the growing set of
research or laboratory-based tasks involving fundamental dimensions of
movement performance (e.g., force, velocity, accuracy) for which optimized
effects have been found, and the findings of the present study, it may be of
value to conduct optimized versus “neutral” comparisons with other stan-
dardized tests and measures of various asserted “maximal” capabilities.

The present findings are consistent with the notion that optimal human
motor performance is the resultant of multiple factors. These findings align with
previous research showing that instructions promoting EE, AS, and/or EF im-
prove performance outcomes relative to “neutral” instructions in various motor
tasks [28,33]. Perhaps one of the most common issues in the practice of per-
formance testing is the assumption that participants will, of course, be moti-
vated to “do their best”. That is, they will approach the testing with reasonable
effort and be consistent in adopting their habitual task approach, and thus, no
intentional efforts should be made by the test administrator to influence per-
formance; further, any motivational (or attentional) attempt will be as valuable
as any other. In contrast, an integrative movement science perspective [1,33]
on producing optimal or maximal motor performance may help uncover latent
performance capabilities. The tone and wording of instructions has an influence
on testing conditions and can serve the specific purpose of enhancing a person’s
motivational and attentional state for better performance. Hooyman, Wulf, and
Lewthwaite [70] confirmed that the use of controlling language, relative to an
autonomy-supportive style of communication, embedded within the presenta-
tion of task instructions, resulted in less effective performance outcomes on a
retention test. Standardized testing language may bear the marks of earlier eras
when the effects of controlling (or autonomy-unsupportive) instructions or in-
ternal focus of attention were not known nor deemed problematic. Based on the
findings and operationalizations of Chua et al. [28], all three key factors of the
OPTIMAL theory may be equally beneficial for motor performance. More im-
portantly, these factors have been shown to have additive benefits. In a series of
motor learning studies, combinations of two factors have been shown to result
in more effective outcomes than one factor, and three factors have been found
to lead to more effective learning than combinations of two [48–51]. Insight-
fully incorporating all three motivational and attentional factors in test proto-
cols can be brief and efficient, taking no more than a minute longer than in-
cluding just one (e.g., “If you focus on X [EF], it will enhance your performance
[EE]. With which task would you like to start [AS]?”).

The standardization of performance testing is meant to allow valid com-
parison of results within and between individuals. Thus, the important question
is not whether performance testing should be standardized, but how. If an

accurate insight about a person’s maximal performance capability is desired,
then in some circumstances, the revision of standardization protocols based on
optimized conditions may be useful. Alternatively, test developers might in-
corporate optimized instructions from the inception, while those assessments
with historical normative evidence might be supplemented with an additional
optimized testing condition. Normative data are a function of their historical
eras, unique sample and population characteristics, and measurement preci-
sion, among many potential influences. Practitioners should use clinical judg-
ment even with available published norms to interpret a performer’s scores
with regard to risk and capability. Norms and scores obtained under one set of
circumstances may not apply to other situations. Standardized performance
tests are an important part of athletic, aptitude, and rehabilitative assessment
practices. The practical importance of revelatory assessment of maximal per-
formance capability (or capacity) varies with each test and context, but can
involve denial of opportunity or service. Comparison of traditional standardized
test conditions to optimized ones can reveal the potential magnitude of moti-
vational and attentional influence on a given type of motor performance, here
reflecting average performance advantages of 16 % (SD = 24.1 %) for the
optimized condition in the current study. This difference may provide clinicians
with greater insight into the type of and extent to which particular mechanisms
of observed performance decrements (e.g., motivational versus muscular) are at
play, and therefore what types of intervention (e.g., confidence building versus
strength conditioning) or how much emphasis may need to be directed to ad-
dress an individual’s performance limitation.
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