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Abstract

We examine the proposition that information availability and postural facilitation—usually viewed as opposing views in
postural control—are intertwined with the effects of one being related to the other. If that is the case, a single control
parameter (precision demands) would capture the changes in postural control relating information and postural facilitation.
Using the dynamical systems approach, we investigated whether, manipulating touch requirements as to increase precision
demands, would induce quantitative and qualitative changes in postural dynamics. Additionally, we tested whether the
COM-COP coupling reflects the qualitative dynamics of the system. Seventeen participants were instructed to maintain
quiet standing while maintaining or not a light finger force with either precision or no precision. Standard deviation (SD) of
the COP decreased with the precision demands and the correlation dimension (CD) of COP showed higher values for the
touch conditions. Participants showed reduced synchronization of COP-COM coupling; following changes in CD. These
results point out the integrated nature of information availability, task requirements, and the emergent postural organization

reflected in COP-COM coupling.
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Introduction

Postural control while standing is critical for performing
many activities of daily life. A prevailing question is the
influence of tactile information from finger touch on postural
sway. Classic studies have shown that individuals in quiet
standing, while maintaining a light finger touch (exerting
usually less than 1 N of force) on a surface, have their pos-
tural sway reduced to approximately half of its typical mag-
nitude compared to a no-touch condition (Holden et al. 1994;
Jeka 1997). This effect has been replicated in a number of
studies regardless of the interaction with visual information
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(i.e., open/closed eyes), standing foot position (i.e., side-by-
side/one leg stand/tandem), age (i.e., children/elderly), and
gender (for a review, see Baldan et al. 2014). The robustness
of the touch effect has also promoted it as a strategy for
patients in rehabilitation programs with problematic postural
control (Kanekar et al. 2013; Menz et al. 2006).

The actual mechanism underlying the touch effect on
quiet standing, nevertheless, is not settled. The traditional
explanation is that the light touch adds (tactile) information
to the system, allowing enhanced control and stabilization of
posture (e.g., Jeka 1997; Kouzaki and Masani 2008). Studies
assume that by contacting an external object, this would add
another referential frame for the postural system providing
information about the body sway in relation to the environ-
ment, and thus, increasing the sensitivity to body orienta-
tion. This interpretation assumes that the postural system
acts, however, independent of situational demands: always
attempting to decrease postural sway. Thus, any manipula-
tion that changes postural sway is interpreted to be caus-
ing (facilitating/hindering) the postural system in achieving
its goal. Here, we call this interpretation the information
hypothesis.
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In contrast, a more current view holds that the light
touch-induced postural change is a result of the postural
system attending to new task demands. That is, postural
sway is decreased to maintain the light finger touch on
the surface (Riley et al. 1997, 1999). Note that, within
this view, the postural system is not necessarily attempt-
ing to minimize the sway; the postural system works to
attend to the task and environmental stimuli (Mitra and
Fraizer 2004; Stoffregen et al. 1999). In the case of the
light touch paradigm, what would occur is that the pos-
tural system incorporates the new goal (standing + touch),
with the sway reduction a reflection of the postural system
facilitating finger touch maintenance. Here we call this
interpretation the postural facilitation hypothesis.

To examine the postural facilitation proposition, Riley
et al. (1999) conducted an experiment manipulating the
task instructions while light touch was maintained. It was
assumed that if the postural system was to facilitate the
achievement of the task goal, changes would be observed
in terms of instructions rather than the inclusion of the
light touch in the situation. The study found that when the
instructions did not emphasize touch, adding tactile infor-
mation, indeed, did not reduce postural sway. Changes
were realized only when the maintenance of a light touch
was provided as the explicit goal.

As Riley et al. (1999) and others (Mitra 2004; Stoffre-
gen et al. 1999; Chen et al. 2018) have shown, while the
majority of studies have taken for granted the information
hypothesis (e.g., Baldan et al. 2014; Rogers et al. 2001),
the effect of postural facilitation must be considered. As
it currently stands, the phenomenon of light touch in pos-
tural control leaves room for both interpretations. That is,
although specific changes were observed when instructions
(and, thus, task demands) were manipulated, one cannot
dismiss the possible increased information availability as
a factor.

Studies have attempted to differentiate the two explana-
tions (e.g., Chen and Tsai 2015; Mitra 2004; Lee et al. 2018)
and found that evidence for each occurred depending on
the experimental conditions. For instance, Lee et al. (2018)
examined the hypothesis that if the light touch manipulation
indeed alters the task goal, this would require a new organi-
zation of the postural system and, thus, a qualitative change
of the postural dynamics would be observed from the control
condition. On the other hand, if the light touch manipulation
only adds information to the system, this would be related
to quantitative changes in postural organization, a scalar
change within the same attractor dynamics. The experiment
tested the traditional visual open/closed eyes, stable/unsta-
ble surface and light touch/no touch manipulations of quiet
standing paradigm. Of main importance here, their results
showed that, for the touch manipulation, the postural sys-
tem displayed qualitative changes in organization in terms
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of attractor dynamics. These results supported the view that
light-touch reflects an imposed new task.

Nevertheless, it is still doubtful that these two proposi-
tions for the touch effect can be dissociated. First, Warren
et al. (1996) have proposed that the relation of information
pickup and action is determined by the task. Thus, informa-
tion and task cannot be separated as two independent enti-
ties; instead, the interaction between the two contributes to
the emergent action. Second, it is questionable whether the
quantitative/qualitative distinction between manipulations is
valid. Under the dynamical systems theory, the same manip-
ulation (modification of a control parameter) can induce
quantitative and qualitative changes if the manipulated vari-
able is sufficiently scaled (for an example in postural control,
see Bardy et al. 2002). Thus, it is not the case that a given
manipulation will induce only quantitative or qualitative
changes or that this manipulation reflects only informational
or task modifications. Postural behavior is determined both
by demands of the task that can be met given the available
information and, at the same time, the task demands that
direct the information to be picked up.

To support the integrated view of information/task
demands, one must demonstrate that a single manipula-
tion involves both behavioral changes provided information
availability (modifying the capacity of the system to act in
terms of the task demands) and task requirements (directing
the perception/action loop to specific information). Preci-
sion demands fit these requirements given that behavior on
precision tasks is a function of both task requirements and
information availability (Vaillancourt et al. 2006; Chen and
Stoffregen 2012): individuals are more precise depending on
the task requirements and information availability. Indeed,
current studies have shown that precision demands (e.g., fit-
ting a block in a small opening, aiming or pointing a small
endpoint) induce postural adjustments in stability and ori-
entation (Balasubramaniam et al. 2000; Haddad et al. 2010).

The light touch paradigm can work in similar terms if one
considers the act of maintaining the light touch as induc-
ing precision demands on the postural system. That is, the
maintenance of given spatial relation (posture) with the envi-
ronment requires more postural precision than when such
posture is not required. At the same time, the light touch
offers an additional source of information facilitating precise
behavior. If that is the case, first, we will be able to demon-
strate that individuals will modify their behavior as a func-
tion of both instructions and information availability as we
manipulate precision demands and, second, both quantitative
and qualitative modifications of the system will be observed
as the precision demands are varied.

Thus, in the study reported here, we manipulated the pre-
cision demand in the light-touch standing posture paradigm.
We employed a modified version of the Riley et al. (1999)
experimental paradigm. Riley et al. (1999) alleviated the
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touch-imposed-task demand by deceiving the participants in
one condition. Participants of one group touched a hanging
curtain without being explicitly told to maintain the finger
touch—a condition of “standing” (without any instruction
to stand still). They found that if no instruction was directly
given, the postural sway did not change.

In the current experiment, we performed the “opposite”
manipulation: we maintained the “standing still” instruction
for all conditions. Thus, the main goal of the task was always
to decrease postural sway. Different conditions, neverthe-
less, changed the requirements in terms of light touch. As
individuals act in terms of the overall goal of decreasing
postural sway, the precision demands increase as new means
or instructions are provided. In the present case, a task that
maintains finger fixation (touch irrelevant force) has higher
precision demands than a task that does not (no-touch). Fur-
thermore, a task that requires maintenance of finger fixa-
tion with a given exerted force on a surface (touch-relevant
force), has higher precision demand than a task that only
requires finger fixation (touch irrelevant force). In this way,
individuals would be always trying to decrease postural sway
and would demonstrate more precision in the task by utiliz-
ing information available and facilitating the achievement
of task demands.

To differentiate our integrative view from the previous
information and facilitation hypotheses, we delineate the
expected results. From the information point of view, the
only difference to be expected is that the no-touch condition
would show a larger increment of postural sway than any
other touch condition—a quantitative change. Additionally,
we would not find differences in the attractor dynamics pro-
vided the added information would just decrease deviation
from a desired trajectory—the dimension of the attractor
would be equal for all conditions. From the facilitation point
of view, provided the main goal is to decrease postural sway
for all conditions, we would not observe any differences in
terms of dispersion of sway and dimensionality given the
individuals have already decreased sway to its maximum.
From our point of view, nevertheless, all conditions will
demonstrate differences between them—following the
increased precision demands. That is, individuals would
decrease postural sway in the order of no-touch, touch irrel-
evant force and touch-relevant force conditions. Addition-
ally, as precision demands increase, qualitative changes in
behavior would be observed. This would demonstrate that
the individuals modify their postural dynamics (postural
facilitation) to attend the precision requirements as infor-
mation becomes available to do so.

In summary, in the present experiment, we manipu-
lated the precision demands of the task by modifying touch
requirements predicting quantitative scaling of the disper-
sion of postural sway as well as qualitative alterations of the
postural organization. This finding would provide support to

the position that such manipulations alter both information
availability (on which an individual can act upon) and task
demands (that direct the information to be picked up).

Methods
Participants

Seventeen right-handed individuals participated in the study
(25.67 +£2.61 years, eight females). None of the participants
had a history of a skeletal or neuromuscular disorder, and
none reported physical injury for at least past 8 weeks.
Informed written consent was obtained before the experi-
ment. The Institutional Review Board of the University of
Georgia approved all experimental procedures.

Apparatus

The COP time series was recorded using two adjacent force
platforms (AMTI, Watertown, MA). Eight VICON Bonita
cameras (VICON Industries Ltd., Hampshire, United King-
dom), two force platforms (AMTI, Watertown, MA) and a
1D load cell (Coulbourn Instruments, A/D board) were syn-
chronized through the Nexus system. The data were recorded
at a sampling rate of 100 Hz. The 1D load cell was attached
to a wooden plate positioned in front of the participants at
a distance so that the participants could comfortably touch
the load cell with his/her fingertip with their elbow flexed to
approximately 90°. VICON’s DataStream SDK 1.7 was used
to stream the data in real-time from Nexus into MATLAB
(MathWorks, Natick, MA).

The COP time series was calculated based on the ground
reaction force and moments in the three orthogonal direc-
tions that were recorded from each force platform. The
Vicon Plug-in Gait full body marker set (39 markers) and
model were used to generate the kinematic data (joint
motions).

Task

In this study, there were three conditions: touch irrelevant
(T-Irr), touch-relevant (T-Rel) and no-touch (NT). Partici-
pants were instructed to stand barefoot with the feet posi-
tioned shoulder width apart. Two separate force platforms
were used to record the forces and moments at the surface
of support for each foot. For all trials, they were asked to
look at a point located 3 m away while with their right elbow
flexed to approximately 90°. The left arm was to be relaxed
and hung by the side. The goal for all conditions was to
minimize their posture sway.

In the T-Irr and T-Rel tasks, the participant maintained
the right index finger touching on the load cell positioned
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in front of them. In the NT task, they were asked to per-
form the same posture, but no surface was in front of the
participant to be touched. To manipulate the task demands,
in the T-Rel condition, the participants were instructed to
maintain a light finger touch below 1 N of force. A warn-
ing beep sound was provided if the applied force reached
a value over the threshold. During one trial, the partici-
pant was allowed to cross the threshold only twice—if
not the trial was repeated. Within the collected 51 trials
(17 participants X 3 trials), individuals surpassed the 1 N
threshold in 22 trials. Nevertheless, the mean value of
the peak forces over the threshold was 1.102+0.174 N.
The T-Rel condition required a precise finger force con-
trol and thus was expected to impose a higher precision
demand on posture—postural sway would be minimized
so as to facilitate the control of the touch force. In the
T-Irr condition, participants were instructed to maintain
the finger contact on the load cell without constraining the
force applied. They were allowed to apply their preferred
force as long as it could benefit the task goal (minimize
postural sway). Thus, in this condition, participants still
had tactile input from their index finger, but maintaining
a given touch force was not the priority (see Fig. 1). In the
NT condition, participants stood with the same posture as
in the other conditions without touching the load cell. This
condition did not provide tactile information or require
precision control.

The presentation order of the three conditions was ran-
domized for each participant. Each condition had three tri-
als and each trial lasted for 2 min. Before data collection,
participants practiced all conditions for task familiariza-
tion. Participants were allowed to take a break if requested
and a 5 min rest was provided after the 5th trial to avoid
fatigue. The entire experiment took approximately 50 min.

Fig. 1 Schematic of the touch-relevant manipulation. The participant
was asked to maintain the right index finger contact on a load cell
with the applied finger force lower than IN. A beep warning sound
was provided if the force was over the threshold. During the trial, the
participant was looking at a point located 3 m away
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Data processing and analysis

Studies have shown that the largest difference (or the only
difference) in postural sway between conditions of the kind
employed in the present study occurred in the anterior—poste-
rior (AP) direction (e.g., Bacsi and Colebatch 2005; Riley et al.
1999). For this reason, we only analyzed the time series in AP
direction. The position of center of mass (COM) was calcu-
lated utilizing the regression model proposed by Zatsiorsky
and Seluyanov (1985). The first 5 s of COP, COM, index finger
force (Ffinger) and finger position in the NT condition were
discarded from the trial and the total trial length for analysis
was composed of 11,500 data points. A fourth order zero-lag
Butterworth filter at 10 Hz lowpass cutoff was used to smooth
out high-frequency fluctuation from the signals. The data were
analyzed and processed with MATLAB software.

COP dispersion Standard deviation (SD) of COP was cal-
culated to estimate the amount of postural motion variability.

Run test To perform the correlation dimension analyses,
the time series cannot be random. To avoid this possibility on
the COP time series, the run test was applied (see Bendat and
Piersol 2011). Any testing trials with a random order were
not used in the analysis of correlation dimension. The results
showed that all trials passed the run test and so that they were
utilized in the further analysis.

Correlation dimension Correlation dimension (CD) pro-
vides an estimate of the geometric structure of the attractor
dynamics (Grassberger and Procaccia 1983). We calculated
CD on each COP-AP time series. The average displacement
method (Rosenstein et al. 1994) was used to calculate the
time delay in the embedded dimension given that this method
considered the spatial and temporal relationship of a single
time series as well as reduced computation cost. The range
of embedding dimension was set up to 20 given that previous
literature has shown that the dimension saturated before 12
(e.g., Gurses and Celik 2013). The criterion to estimate the
embedding dimension () where CD estimates are saturated
followed the equation: m>2 X CD (Takens 1981).

Statistical analysis A paired sampled ¢ test was conducted
to compare the applied finger force in the T-Irr and T-Rel
conditions. We compared the dispersion of finger motion,
SD, and CD of COP AP between conditions using a one-way
repeated measure ANOVA. A Bonferroni test was used for
the post hoc comparisons. The significance level was set at
a=0.05.

Results

Finger fixation and applied finger force

Figure 2a shows the SD of finger position. The ANOVA
revealed a significant difference between conditions (F[2,
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32]=13.08, p<.001, np2=0.45). The post hoc analyses
showed that NT had a significantly smaller SD than T-Irr
(p=.019) and T-Rel (p =.002). There was a borderline dif-
ference between T-Irr and T-Rel (p =.068).

Figure 2b, c shows the mean and dispersion of force out-
put for the T-Irr and T-Rel conditions. The ¢ test revealed
significant differences in the mean applied force between
T-Irr (M =1.34, SD=1.12) and T-Rel conditions (M =0.46,
SD=0.20) (t[16]=3.45, p=.003); and in SD of force
between T-Irr (M =0.31, SD=0.19) and T-Rel conditions
(M=0.01, SD=0.04) (1[16]=3.07, p=.007).

Quantitative (SD) and qualitative (CD) changes
in posture

Figure 3a shows the average value of SD in COP AP. The
ANOVA revealed significant differences between conditions
(F[2,32]=72.73, p<.001, np2 =0.82). The Bonferroni post
hoc analysis showed that the postural sway was reduced with
the increase of precision demands. That is, NT had signifi-
cantly larger value than T-Irr (p <.001) and T-Rel (p <.001),
and T-Irr had larger SD value than T-Rel (p=.001).
Figure 3b shows the average CD across conditions.
The ANOVA revealed significant differences between

conditions (F[2, 32]=38.43, p<.001, np2=0.71). The
post hoc analyses showed that NT had a significantly
smaller CD than T-Irr (p <.001) and T-Rel (p <.001).
There was no significant difference between T-Irr and
T-Rel (p>.999).

Discussion

The purpose of this study was to investigate the interactive
nature of information availability and postural facilitation
for task demands in postural control. For this, we tested
whether touch-induced-precision demands would act as
a control parameter quantitatively scaling the dispersion
of posture sway as well as altering the qualitative organi-
zation of postural dynamics. The precision demands of
the task were manipulated by changing the touch require-
ments—{finger fixation and precise force control. We
expected that, as precision demands increased, individu-
als would demonstrate less postural sway and—when
required—would alter the postural dynamics: a demon-
stration of both postural facilitation and usage of available
information.
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Precision requirements and postural sway

Measurement of imposed force and finger motion were used
to investigate how the participants followed the instruc-
tions, that is, whether individuals were more precise when
instructed to maintain a given force by touch. The results of
finger motion and finger force measurements confirmed the
effect of the precision manipulation. Less finger motion was
found when the participants were asked to maintain contact
on the load cell, and smaller force and less variation was
found when precise force control was emphasized. These
results are consistent with the proposition that as informa-
tion becomes available and as the task requires, individuals
increase precision.

It is of interest that we did not find a larger finger contact
force in the T-Irr condition (the largest force observed was
around 3 N) given that participants were allowed to apply
as much force as they desired. Although this could have
emerged from the fact that our participants were pushing the
finger against a tripod—a non-reliable source of mechani-
cal support—the results are consistent with other studies
(Holden et al. 1994, Jeka and Lackner 1994). It seems that
participants do not consider the mechanical support from
finger touch when instructions are to maintain the posture
as still as possible.

The decrease in variability of the finger force and motion
mirrored the decrease in COP dispersion. This precision
demand effect has been observed also in other studies and
shows that postural changes are not separated from the
available information and task demands (e.g., Balasubra-
maniam et al. 2000; Chen and Tsai 2015). The precision
demand influences how the system needs to act by modify-
ing the use of available information as well as how posture
facilitates the achievement of a new task. The light-touch
manipulation, then, alters postural organization by modify-
ing the constraints of a suprapostural task (Mitra 2004). The
sway reduction found in this study indicates that individu-
als reduced the posture sway as information for doing so
became available and as specific requirements of the task
required to do so.

Quantitative and qualitative changes in postural
control

The sway dispersion (SD) of COP decreased with an
increase of the precision demand of task. This is in line with
our expectation that from no-touch to touch, and from touch
to precise control of force; namely, that the touch precision
requirements increased. The former comparison is consist-
ent with the majority of previous literature in that greater
postural sway was found comparing a no-touch condition
with other touch conditions (e.g., Baldan et al. 2014; Chen
and Tsai 2015; Kanekar et al. 2013). This has been taken as
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an evidence for the position that the touch condition provides
more information—as a reference frame—that would facili-
tate harnessing postural sway.

Sway reduction, however, was not found in the touch
irrelevant (T-Irr) condition of the Riley et al. (1999) study.
This occurred when comparing a no-touch (NT) condition
to a condition with touch but with no emphasis on maintain-
ing the touch as the goal. The study shows that the mere
addition of tactile information is not sufficient to modify
postural sway—by added reference frames or any other
means. The system must be actively seeking such infor-
mation for changes to occur. Nevertheless, the Riley et al.
(1999) manipulation of instruction (or the lack of) could
have induced confounding factors and, thus, one cannot
conclude that the lack of change of posture sway was due to
instructions only.

In the present study, we maintained instructions constant
in NT and T-Irr: to minimize postural sway. Our findings,
however, showed sway reduction between NT and T-Irr
even when the participants were explicitly instructed not
to care about the level of touch force and with the instruc-
tion to decrease as much as possible the postural sway. In
this way, given that minimizing the sway was the priority
in all conditions and COP showed changes between them,
one cannot assume that instruction is necessary to alter the
postural sway.

It could be said that the presence of touch alters the task
constraints (Newell 1986), and thus, the results still repre-
sent a facilitation of the postural system to attend to task
demands. Two concerns arise, however, with this interpre-
tation. The first is that task constraints or demands hold a
variety of details that will include—depending on the defini-
tion employed by the researcher—any manipulation in quiet
standing (or any other task). The second concern is that pro-
vided the main goal of these two conditions (NT and T-Irr)
was to minimize postural sway, it is questionable to accept a
“facilitation-only” explanation of the observed differences.
That is, why the postural system would not decrease postural
sway to facilitate achievement of the task demands on the
no-touch condition while it would in the T-Irr? Clearly, the
system can be said to be facilitating both touch and sway
minimization, but this facilitation is dependent on informa-
tion availability—probably provided by the touch itself.

The difference between T-Irr and T-Rel on COP disper-
sion, however, is not consistent with some studies (e.g.,
Holden et al. 1994; Jeka and Lackner 1994). One reason
could be the main axis of analysis (mediolateral [ML] or
AP). Postural stabilization effects have been shown to be
related to the touch position in the unstable standing ori-
entation (e.g., Jeka and Lackner 1995; Rabin et al. 2008).
The studies that did not show condition differences imple-
mented the lateral fingertip contact with the tandem or single
stance on which the relevant dimension of analysis is the
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ML (Holden et al. 1994, Jeka and Lackner 1994). However,
the majority of studies that have considered the side-by-side
stance and, consequently, the AP as the relevant dimension
of analysis found differences (e.g., Dickstein 2005; Trem-
blay et al. 2004). In the AP axis, compared to ML, there are
a number of joints that can act to modify posture and, thus,
the sway dispersion (knee, ankle, and hip have a great con-
tribution in anterior—posterior direction). That would leave
a large range of possibilities available to result in changes in
the more constraining tasks, such as T-Irr and T-Rel.

Considering the dynamics of the system (CD), we found
differences between the NT and T-Irr conditions. The inter-
pretation is that when the individual was required to increase
precision by usage of the touch as a new source of informa-
tion, the postural system altered its qualitative organization
to decrease postural sway. Considering also the similarity
between T-Irr and T-Rel, our results show that the postural
dynamics was altered by the requirement of finger fixa-
tion, and the same dynamic pattern could accommodate the
requirement of precise finger force control.

The findings can be interpreted as the precision demand
acted as a control parameter modulating the postural sys-
tem quantitatively and qualitatively (c.f. Haken et al. 1985).
However, the pattern of results on CD was contrary to our
working hypothesis. We expected differences between T-Irr
and T-Rel instead of NT and T-Irr. This contributes to a
view that facilitation from the postural system to achieve a
task goal (minimize postural sway) occurs as information
becomes available (light-touch availability) and modify-
ing any of the duo information-task requirements can elicit
qualitative changes in postural dynamics.

This finding contrasts with interpretation provided in Lee
et al. (2018) that touch would act as a new task goal altering
postural dynamics. That is, touch influences can be modified
in terms of their precision requirements inducing qualita-
tive changes only when precision demand reaches a critical
value. On the other hand, this current study replicated Lee
et al. (2018) showing differences in CD between NT and a
touch condition. However, this result, instead of being due
to touch adding a new task goal, seems instead to be related
to precision demands.

The uses of the CD measure can raise some skepticism
when characterizing the dimensionality of potential sto-
chastic systems. Nevertheless, our hypothesis required a
dimensionality analysis and, then, a rationale for CD use
is necessary. As with any other nonlinear measure, CD suf-
fers from the level of equipment noise added to the original
signal and, if the system emulates a white noise signal, the
dimension does not converge. Here, the equipment noise
is orders of magnitude smaller than the signal and our CD
measurements converged.

The broader issue is whether CD can generate consistent
results for other types of stochastic processes. Fortunately,

the CD is able to differentiate a range of stochastic processes
(Osborne and Provenzale 1989) and, thus, our results point
to dynamical changes in the system—be it deterministic or
stochastic. To demonstrate that the described dynamics are
not spurious results of CD, we also calculated the Sample
Entropy of the COP time series of all subjects. The results
follow the same trend as CD (Mean + Clgys5¢: no-touch:
0.044 +0.005; T-Irr: 0.061 +0.006; T-Rel: 0.068 +0.008).
Thus, given these parallel Sample Entropy findings and the
fact that our results are consistent with Lee et al. (2018), we
are confident on the trends of CD presented here.

In sum, we conclude that touch-induced precision
demand acts as a control parameter that constrains the quali-
tative organization of standing posture. The pattern of results
observed here provide support for a more integrated view
on how task (instruction) and informational availability can
influence postural organization avoiding the simpler expla-
nation that focuses on and overemphasizes either (Lee et al.
2018; Jeka and Lackner 1994; Riley et al. 1999). In this way,
information availability and instructional manipulations can
potentially elicit both quantitative and qualitative changes
but must be considered in terms of the constraints that they
impose and the dynamics of the system.
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