
RESPIRATORY PHASE AND PRECISION
MOTOR CONTROL: DISTINGUISHING
ACTION SELECTION FROM EXECUTION
ERROR
Susan Azizi and Niloofar Ahmadi∗

Department of Sport Science, Faculty of Humanities, Tarbiat Modares University, Tehran, Iran

Received: 011/8/2024 Revised: 26/09/2024 Accepted: 29/11/2024 Published: 20/12/2024

Correspondence: niloofar.ahmadi@yahoo.com

ABSTRACT

Respiratory timing can accompany a manual action without determining its execution accuracy. Interpretation requires
distinctions among action selection, force steadiness, target error and endurance. In this article eight human per-
formance experiments were appraised by task, respiratory manipulation, endpoint, source accessibility and inferential
limitation. Neural and physiological studies supplied mechanistic context. Conditional-expectation identities and an
additive periodic-error model were used to examine phase selection and interval averaging. Coordination was associ-
ated with improved tracking precision and inspiratory handgrip endurance in specific tasks, whereas other experiments
identified amplitude-related force fluctuations or frequency-related changes in response speed. These findings address
different outcomes and do not establish a universal phase advantage. Evidence strength is restricted by small or se-
lective samples, abstract-only access for several reports and inconsistent statistical reporting in one experiment. The
calculation shows that averaging over complete cycles removes a periodic contribution from signed biaswhile preserving
its contribution to mean-square error. Partial-cycle results depend on duration, onset phase, perturbation lag and con-
stant bias. The contribution is an outcome-specific interpretation of respiratory exposure during movement execution,
rather than a newmathematical theorem or a validated breathing intervention. Prespecified contrasts involving support,
sensory timing, ventilation and analysis duration can distinguish competing explanations of respiratory associations in
precision kinesiology.

Keywords: interoception; sensorimotor integration; isometric contraction; visuomotor tracking; thoraco-abdominal mo-
tion; circular statistics; neuromechanics

INTRODUCTION
Maintaining a small pinch force, steering a hand along a visual trajectory and initiating a brief response are all motor
tasks, yet they place different demands on the performer. A force-holding task penalizes fluctuations throughout an
interval; a response task can principally reward rapid initiation. Breathing accompanies both. In a laboratory study of
index-finger abduction, increasing respiratory amplitude altered force variability and its interaction with visual feedback
(Baweja et al., 2011). In a separate investigation, self-initiated button presses occurred preferentially during expiration,
whereas externally triggered actions did not show the same coupling (Park et al., 2020). These observations concern
different aspects ofmovement and should not be treated as equivalent demonstrations of enhancedmotor performance.

The distinction becomes especially important when an intuitive coaching statement, such as performing a precise action
while exhaling, is given a neuroscientific explanation. An action can occur more often in a particular phase because that
phase is selected, because the task reorganizes breathing, or because the available time differs between phases. None
of these possibilities independently determines endpoint error. Moreover, visually guided forearm tracking has shown
changes in the pattern of motor-respiratory coordination under different instructions and signal-response relations
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(Krupnik et al., 2015). The relationship is consequently sensitive to what the person is trying to accomplish, not simply to
the presence of inspiration or expiration.

Precision also requires careful definition. Force steadiness describes temporal fluctuations during an intended steady
contraction; it is related to the discharge organization of motor units, but it is not interchangeable with movement
speed or the mean level of force (Enoka and Farina, 2021). Accuracy concerns agreement with a target, while precision
concerns consistency. A consistently excessive force can have low variability and poor accuracy. Conversely, positive and
negative deviations can cancel in the averagewhile remaining functionally disruptive. Any argument about breathing and
accuratemovementmust therefore specify whether its endpoint is latency, bias, fluctuationmagnitude, spatial deviation
or successful task completion.

Respiration makes this problem interdisciplinary in a precise sense. It is a rhythmic motor behavior maintained by
distributed neural control, a source of bodily sensory information and a mechanical event that displaces the thorax and
abdomen. Its rhythmand pattern are adaptable rather than fixed outputs of an isolated brainstemoscillator (Ashhad et al.,
2022). Kinesiology supplies the movement endpoint; neuroscience supplies candidate timing and sensory mechanisms;
respiratory physiology supplies ventilation and gas-exchange constraints; and biomechanics supplies the transmission
of bodilymotion to a task effector. Their correspondence is strongest when the same task is described in all four domains.

Existing reviews already distinguish respiratory protocols and their neural, biochemical and behavioural effects. Heck
and colleagues discuss respiration-linked oscillations in cognition and emotion (Heck et al., 2022); Goheen and colleagues
examine respiratory modulation of neural and mental activity, including concurrent physiological changes (Goheen et al.,
2023). Accordingly, thepresenceof abreathing–brain relationship is not thenovelty claimedhere. Thepresent contribution
concerns how action scheduling and the respiratory exposure of an execution interval jointly affect interpretation of a
specifiedmotor-error outcome. It applies establishedmathematical relationships to compare onset-phase distributions,
conditional error and duration-dependent averaging.

The guiding question is whether a respiratory phase associated with action initiation also predicts lower error during
execution. The review addresses laboratory precision movements and uses endurance evidence as an explicit endpoint
contrast. It does not attempt to summarize all locomotor–respiratory coordination, respiratory rehabilitation or breathing
interventions. The analytical objective is to identify observable results that would support or contradict an interval-
averaging explanation, without assuming a universal instruction for athletes.

RESULTS OF THE CRITICAL ANALYSIS

PERFORMANCE FINDINGS DEPEND ON MANIPULATION AND ENDPOINT

The most direct evidence concerning sustained precision comes from force holding and tracking. In 20 young adults,
Baweja and colleagues varied respiratory amplitude and visual feedback during index-finger abduction. High-amplitude
breathing increased force variability by approximately 63% relative to normal breathing; visual feedback further modified
the effect at moderate effort (Baweja et al., 2011). The simultaneous respiratory, force and electromyographic measure-
ments strengthen the task-level association. Nevertheless, changing breath amplitude does not isolate onset phase, and
amplified low-frequency force power does not identify one exclusive neural or mechanical pathway.

Krupnik and colleagues examined 35 volunteers during visually guided forearm tracking. Motor–respiratory coordination
improved tracking precision in every condition except relaxed instruction, principally through reduced amplitude error.
Increased complexity or attention changed the preferred phase-coupling pattern (Krupnik et al., 2015). This positive result
is material to the review: coordination can support control rather than merely disturb it. Its abstract-level evidence does
not permit detailed reassessment of the within-trial comparisons or uncertainty estimates, and preferred coordination
during repeated tracking does not establish the best phase for a discrete movement.

Response tasks address a different question. Li and colleagues found a breathing-condition-by-cue-phase interaction in
13 healthy participants, with slower responses to expiratory cues during voluntary breathing at 0.6 Hz (Li et al., 2012). Park
and colleagues instead observed expiratory clustering of self-initiated button presses, absent during externally triggered
actions, together with respiratorymodulation of readiness-potential amplitude (Park et al., 2020). The externally triggered
comparison strengthens the specificity of action selection, but the experiment did not establish improved target accuracy.
Cue phase, movement phase and choice of onset are distinct temporal variables.

Buchanan and Janelle examined 47 participants producing a memory-guided pinch pulse at 10% maximal voluntary
contraction (MVC). Fast paced breathing shortened reaction and movement times; the abstract describes maintained
accuracy and variability (Buchanan and Janelle, 2021). This is compatible with a speed benefit in that task, rather than
evidence that faster breathing reduces error. Without an equivalence margin and interval estimate, maintained accuracy
should not be read as demonstrated equality across breathing conditions.

Their later experiment assessed pinch responses after emotionally valenced images (Buchanan and Janelle, 2022). Slow
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breathing delayed responses, and fast breathing increased error in a neutral-image comparison. The breathing-by-
valence interaction was not statistically significant, so that subgroup result does not establish emotional moderation.
Reporting discrepancies also restrict quantitative interpretation: 35 participants are described, whereas several tests
use denominator degrees of freedom incompatible with a conventional complete-case three-level repeated-measures
analysis of that sample; the force-error figure caption uses time units. These discrepancies concern the cited report, not
observations generated here. Its broad endpoint distinction is retained, while its subgroup and effect-size claims receive
limited weight.

Li and colleagues provide a useful endurance comparison: 11 participants completed rhythmic handgrip trials to failure in
randomized conditions, with longer normalized exhaustion time during inspiratory coordination than expiratory coordina-
tion or unrestricted breathing (Li et al., 2024). This supports a task-specific performance benefit. It neither demonstrates
lower target error nor establishes that neural energy expenditure caused the benefit.

RESPIRATION-LINKED NEURAL ACTIVITY SUPPLIES POSSIBILITIES, NOT A MOTOR

PRESCRIPTION

A motor-specific neural experiment provides a closer bridge than cognitive tasks alone. Kluger and Gross recorded
magnetoencephalography, muscle activity and respiration during steady contraction. Beta-band corticomuscular coher-
ence was reduced during voluntary deep compared with normal breathing and varied cyclically with respiratory phase in
both conditions (Kluger and Gross, 2020). This demonstrates modulation of cortico-peripheral synchrony under a motor
demand. Coherence is still not force error, and the deep-breathing contrast changes voluntary control as well as depth.
The result therefore supports a neural route for investigation without locating a phase that minimizes target deviation.

Parkandcolleaguesalsoobservedbreathingcouplingwith voluntary initiationofmotor and visual imagery, including tasks
without overt limbmovement (Park et al., 2022). This supports a preparatory association beyondmechanical transmission
during movement, but does not identify a cause of execution error. Imagery onset and motor accuracy remain different
outcomes.

The neural evidence establishes that breathing can organize processes beyond gas exchange. Zelano and colleagues
recorded respiration-related oscillatory activity in human limbic structures and examined respiratory-route and phase
relationshipswith cognitive performance (Zelano et al., 2016). The finding is relevant to the sensory context of amovement,
but an effect on emotional discrimination or memory does not directly measure force accuracy. Nasal and oral breathing
also differ in more than a label attached to phase; any transfer to motor tasks must preserve the conditions under which
the neural effect was observed.

Herrero and colleagues used intracranial recordings to distinguish natural breathing, voluntary pacing and attention to
breathing. These conditions engaged overlapping but distinguishable patterns of respiratory-neural coherence (Herrero
et al., 2018). The distinction matters when comparing a spontaneous phase preference with an instruction to coordinate
a movement consciously with a breath. Voluntary pacing changes the task itself. It can add monitoring and temporal
control demands that are absent when breathing remains unattended.

Noninvasive work further prevents confining respiratory modulation to olfactory structures. Kluger and Gross identified
respiration-related modulation of oscillatory activity across a distributed resting-state network (Kluger and Gross, 2021).
Kluger and colleagues then linked respiratory phase, posterior alpha activity and sensitivity in a near-threshold visual
detection task (Kluger et al., 2021). Such findings make respiratory variation in visual sampling plausible during target
tracking. They do not show that the same phasemaximizes detection, action initiation and correction of a force deviation.
The movement may require those processes at different times.

Perl and colleagues observed alignment of nasal inhalation with non-olfactory task onset and examined its association
with visuospatial performance (Perl et al., 2019). Johannknecht and Kayser, using six sensory-cognitive tasks, found
respiratory alignment with stimulus presentation and responses, with more consistent relationships for reaction time
than response accuracy (Johannknecht and Kayser, 2022). The contrast is informative rather than contradictory: a phase
associatedwith incoming information can differ from a phase associatedwithmaking a response. In an extendedmanual
task, repeated sensory acquisition and repeated correction can occupy both phases within the same trial.

Somatosensory evidence adds a further qualification. Grund and colleagues showed relationships among respiratory
alignment, cardiac timing and conscious tactile detection (Grund et al., 2022). Their results suggest that respiratory
and cardiac coordinates should not be treated as interchangeable, even though they can covary. For kinesiology, the
resulting prediction is limited: tactile information used to regulate gripmay be subject to bodily timing influences. Direct
measurement of grip regulation is still necessary. Collectively, the neural literature supports a distributed, task-sensitive
influence; it does not identify a phase in which every component of precision control improves together.
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MECHANICSANDVENTILATIONAREALTERNATIVEROUTES TO THESAMEOBSERVED

ERROR

Respiration can affect a manual task through movement of the body as well as through neural timing. Baweja and
colleagues found that higher respiratory amplitude altered slow force fluctuations, and their measurements did not
identify a single complete explanation in agonist surface electromyography or visuomotor correction (Baweja et al., 2011).
This leavesmechanical transmission as a relevant possibility, not a proven exclusivemechanism. Anunsupported armand
an externally stabilized forearm should not be assumed to experience the same transmission of thoracic displacement.

The diaphragm itself also cannot be assigned one fixed relationship to a respiratory phase during every action. Sembera
and colleagues combined ultrasonographic diaphragmassessmentwith load-lifting conditions and documented postural
displacement aswell as respiratory excursion (Sembera et al., 2022). Amovement task can therefore alter themechanical
meaning of a chest or abdominal trace. An apparent phase association could reflect changes in support, postural demand
or the shape of the recorded signal, especially when the sensor moves with the task.

Ventilation supplies another route. Yunoki and colleagues compared carbon-dioxide conditions during repeated knee
extensions while matching respiratory frequency and tidal volume. Force coefficient of variation differed between
hypercapnia and hypocapnia; within the hypercapnic condition, its change also correlated positively with the change
in end-tidal carbon dioxide (Yunoki et al., 2023). Thus breathing-pattern similarity does not guarantee equivalent gas
physiology. The small male sample and lower-limb task limit transfer to fine manual control, but the study directly
motivates gas measurement when rate or depth is manipulated.

Cerebral perfusion is sensitive to arterial blood gases in interaction with other physiological controls (Willie et al.,
2014). Respiratory frequency is not alveolar ventilation, and uncalibrated belt amplitude is not tidal volume. End-tidal
carbon dioxide can characterize ventilatory differences in an appropriate experiment, with its measurement limitations
documented; it is not a direct readout of neural excitability. Without suchmeasurements, an observedbreathing-condition
difference can remain compatible with gas-mediated, attentional and mechanical explanations.

Measurement choice must match the claim. Contact-based respiratory techniques differ in their working principles and
susceptibility to movement artifacts (Massaroni et al., 2019). A belt can be useful for identifying cycles, but an airflow
signal is needed when the claim specifically concerns inspiratory versus expiratory flow or nasal versus oral routing.
Recording more than one respiratory signal allows phase landmarks to be checked rather than inferred from a single
convention. Synchronization with force and movement records is essential because a phase assigned at a visual cue
cannot silently substitute for phase at force onset.

A PHASE PREFERENCE AND A PHASE-DEPENDENT ERROR ARE MATHEMATICALLY

DIFFERENT QUANTITIES

Let ϕ denote respiratory phase at action onset on [0, 2π), and let Y be a specified execution-error outcome. Define p(ϕ)
as the density of observed onset phases and m(ϕ) = E[Y | ϕ] as the conditional mean error. The overall error is

E[Y ] =
∫ 2π

0
m(ϕ)p(ϕ) dϕ. (1)

Clustering of onsets changes p; it does not establish the direction or magnitude ofm. A performer could prefer expiration
while producing equal errors in both phases. Alternatively, the person could preferentially choose a phase associated
with lower error. Distinguishing those possibilities requires measuring error, not simply the number of actions within a
phase.

For two breathing conditions, A and B, subtraction and addition of the same term give the exact identity

E[YA] − E[YB ] =
∫ 2π

0
{mA(ϕ) − mB(ϕ)}pB(ϕ) dϕ +

∫ 2π

0
mA(ϕ){pA(ϕ) − pB(ϕ)} dϕ. (2)

The first term compares conditional error at condition B’s onset distribution; the second describes redistribution of
onset phases using condition A’s error function. The allocation depends on the reference, although the total does not.
Estimation requires common phase support: where condition A never generates an onset, mA cannot be estimated for
condition B without extrapolation. Analyses should therefore show both phase distributions and restrict contrasts to
supported regions or state the requiredmodel assumptions. These are descriptive identities, not newestimators or causal
decompositions. Voluntary condition choice, attention or task difficulty can influence both phase and error.
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Observed action counts also require a time denominator. If Nb actions occur in phase bin b during Hb seconds when an
action could actually be initiated, an exposure-adjusted initiation rate is

λ̂b = Nb

Hb
. (3)

The denominator should exclude intervals in which the task prohibits action, including imposed waiting periods. If
expiration occupies more eligible time, it can contain more actions even under an equal initiation rate. This is a general
interpretive distinction, not an allegation that the cited studies neglected phase normalization. In precision experiments it
is useful to retain both the observed onset distribution and the eligible-time distribution so that selection and opportunity
remain separately visible.

DURATION AND LAG DETERMINE WHAT AVERAGING PRESERVES

Onset phase compresses the respiratory trajectory of a sustained contraction into one number. Let respiratory phase θ(t)
have zero at inspiratory-flow onset and increase to 2π at the next inspiratory onset. For a fixed periodT , θ(t) = ϕ0 +2πt/T
during anexecution interval of lengthD. Expiratory onset neednot occur atπ: unequal inspiratory andexpiratory durations
must be measured. A belt-based landmark convention must be checked against airflow before it is interpreted in this
way.

Consider the stipulated force-error signal

e(t) = b + a cos{θ(t) − δ}, 0 ≤ t ≤ D, (4)

where b is constant target bias, a ≥ 0 is perturbation amplitude and δ is the respiratory phase of maximum positive
perturbation. Thus δ permits a lag between the respiratory reference and force fluctuation. Both b and a have force units;
phases are in radians. Set q = D/T > 0 and β = ϕ0 − δ. Constant amplitude, bias, period and lag, linear addition and
uniformly advancing phase are assumptions, not established physiological properties.

Direct integration gives the signed interval mean

eD = b + aS1 cos(β + πq), S1 = sinc(πq), sinc(x) = sin x

x
. (5)

The signed phase term is attenuated by S1 and changes sign across its zeros. Applying cos2 x = (1 + cos 2x)/2 yields the
mean-square error for any duration:

MD = 1
D

∫ D

0
e(t)2 dt = b2 + 2baS1 cos(β + πq) + a2

2 {1 + S2 cos(2β + 2πq)}, S2 = sinc(2πq). (6)

Root-mean-square error is
√

MD , and temporal variance about the interval mean is MD − e 2
D . Eq. (6) retains the bias–

oscillation cross-term; omitting it would incorrectly describe partial-cycle error when b ̸= 0. For D = nT , with n any
positive integer, both sinc terms vanish:

enT = b, MnT = b2 + a2

2 , Vart(e) = a2

2 . (7)

Complete-cycle averaging removes the harmonic from signed bias while preserving its squared contribution. At half-
integer q, S2 also vanishes; for zero bias this makesmean-square error independent of onset phase even when the signed
mean remains phase dependent. With nonzero bias, the cross-term generally prevents that conclusion.

The prediction concerns ameasured periodic component and a specified averaging window. Phase dependence of signed
bias should weaken near complete-cycle durations while respiratory-frequency fluctuation can persist. A larger analysis
window does not necessarily improve control: sinc attenuation is nonmonotonic, task tolerance may be violated within
the interval, and other errors are absent from this calculation. Drift, changing lag, feedback correction and irregular phase
speed can alter the prediction.

For an irregular cycle, the time average of cos{θ(t) − δ} need not vanish over one phase revolution, because phase
occupancy is uneven. Integration over recorded time, rather than forcing a fixed-period formula onto the signal, is
required. Additional integer harmonics with constant coefficients would also cancel from signedmeans over full periods;
cancellation is therefore not evidence that the physical perturbation is sinusoidal. The contribution is a measurement
interpretation under explicit assumptions, not identification of the perturbation’s biological source.
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FIGURE 1. DURATION-DEPENDENT PHASE SENSITIVITY OF SIGNED AND SQUARED FORCE ERROR

Exact functions for Eq. (4) with b = 0, a > 0 and fixed period. The dark curve is the largest absolute signed mean over all onset
phases, |eD|max/a = | sinc(πq)|. The grey band spans the smallest and largest normalized root-mean-square error (RMSE) over
those phases, [{1 ∓ | sinc(2πq)|}/2]1/2. Complete-cycle durations q = 1, 2, 3 have zero signed mean but RMSE 1/

√
2. The dotted

line marks that value. The band is an exact phase range, not a confidence interval. The zero-duration endpoint denotes the
continuous limit. No participant values are shown.

DISCUSSION

EXECUTION EXPOSURE LINKS EVIDENCE TO A MEANINGFUL MOTOR OUTCOME
The literature supports specific coordination benefits and several routes throughwhich respiration can alter performance.
Its endpoints must nevertheless remain separate. The contribution of the present analysis is to connect action selection
with conditional error and to show how the chosen execution interval changes the error being summarized. It does
not introduce a new breathing–brain mechanism. Unlike broad accounts of respiration and cognition (Heck et al., 2022;
Goheen et al., 2023), it makes the force target, interval duration and error definition central to interpreting a respiratory
association.

For a brief pulse, onset phase can approximate respiratory exposure during most of the movement if duration is short
relative to the breath. For a sustained hold, respiratory phase traverses several cycles while feedback corrections
continue. Recording D/T together with the phase trajectory specifies that difference; it does not require every trial to
have the same respiratory period. Analysis windows should follow the motor question and be fixed before inspecting
phase effects.

Mean signed error measures bias relative to the target. RMSE combines bias and temporal deviations; temporal standard
deviation measures within-interval fluctuation about its mean. Across-trial endpoint standard deviation measures
consistency between repetitions. These quantities should have separate symbols and units. For grip or tracking, an
additional outcome can be time outside a prespecified tolerance band. Such a threshold must reflect the action’s
requirements rather than being chosen to favour one phase. A mean-correct signal can still intermittently exceed an
acceptable force or trajectory limit.

MECHANISTIC CONTRASTS AND FALSIFIABLE PREDICTIONS
Table 1 specifies four comparisons and their primary readouts. They are experimental proposals, not completed proto-
cols. Each would require participant-level sample planning from a justified effect and uncertainty target, preregistered
outcomes, and ethics review appropriate to the actual procedures. A large number of repeated events should not be used
to justify a small independent sample.

For phase-triggered cues, phase should be assigned from synchronized respiratory recordings rather than cue scheduling
alone. Participants can anticipate regularly triggered events, so foreperiod distributions and preparation opportunities
must be balanced as far as the crossed design permits. Actual achieved phase and any departures from the respiratory
instruction should be reported. Random assignment to a cue phase estimates the effect of that cue schedule; it does
not automatically estimate the effect of spontaneously choosing the same movement-onset phase.

The duration test should compare prespecified windows around complete cycles while preserving contraction demand
and checking drift or fatigue. Conditioning window length on the observed breath can itself change what data enter an
analysis. A fixed-durationsensitivity analysisandacycle-alignedanalysis should thereforebedistinguished. Coordination
need not be eliminated: Hessler and Amazeen show that motor–respiratory ratios can be learned (Hessler and Amazeen,
2014), while the tracking andhandgrip findings (Krupnik et al., 2015; Li et al., 2024) justify testing helpful aswell as disruptive
coupling. The decisive question is whether a particular organization improves the designated endpoint.

SPORT SCIENCE

73



TABLE 1. DISCRIMINATING COMPARISONS FOR RESPIRATORY ASSOCIATIONS IN PRECISION MOVEMENT

Hypothesis and contrast Primary outcome and verification Prediction and competing interpretation

Mechanical transmission: supported
versus unsupported forearm at
matched target force

Respiratory-frequency force ampli-
tude; synchronized trunk/arm motion,
surface electromyography and airflow

Reduced force modulation accompanying reduced transmitted mo-
tion supports a mechanical contribution. Changed recruitment or
feedback must be assessed before attributing the difference exclu-
sively to mechanics

Sensory versus execution timing:
cross target-presentation phase with
delayed force-onset phase

RMSE over a fixed execution interval;
actual phase at stimulus, movement
and throughout contraction

Aneffect tied tostimulusphasesupportssensory timing; aneffect tied
to execution after comparable preparation supports a later process.
Delay, cue predictability and task difficulty must be balanced

Ventilatory pathway: compare respi-
ratory conditions while recording rate,
volume and end-tidal carbon dioxide

Prespecified force-error contrast, with
gas and movement measurements

A phase effect remaining after matchedmeasured ventilation is con-
sistent with another pathway, but does not prove a neural cause.
Matching rate alone is insufficient; causal mediation requires a sep-
arate design

Interval averaging: analyse prespeci-
fied durations around individual com-
plete cycles

Signed mean, RMSE and respiratory-
frequency force component; mea-
sured phase trajectory

Vanishing phase dependence of signed mean with persistent squared
error and respiratory modulation matches averaging. Loss of the pe-
riodic component requires another explanation; persistent bias mod-
ulation at complete cycles contradicts the stationary zero-mean har-
monic model

RMSE: root-mean-square error. These are discriminating tests, not uniquely identifying interventions. Primary outcomes and
duration contrasts require specification before data inspection.

STATISTICAL INFERENCE MUST PRESERVE THE LEVEL OF OBSERVATION
Breaths and movement repetitions are nested within people. A large number of synchronized events does not substitute
for a large number of independent participants. Phase-dependent error analyses should therefore retain participant-level
variation, for example through prespecified hierarchical models. Sine and cosine terms can describe a first-harmonic
relationship with phase, while higher harmonics should be justified by task behavior or an explicit prior hypothesis. The
two preferred phase relationships identified under some tracking demands (Krupnik et al., 2015) caution against assuming
that every association has only one maximum per cycle.

For self-initiated actions, phase-dependent initiation should be assessed against eligible time, including the waiting and
refractorystructureof the task. Forcuedactions, inferenceshoulddistinguishphaseatcueonset fromphaseatmovement
onset. Reaction-time distributions are commonly skewed, and error distributions can contain both systematic bias and
heterogeneous variance. The chosen statistical family should reflect those properties rather than treating latency, signed
error and squared error as interchangeable normal outcomes. Uncertainty should be expressed for the specified endpoint
and contrast, not inferred from the apparent smoothness of a phase-averaged curve.

Surrogate analyses can help evaluate synchronization, but indiscriminate shuffling destroys task timing and can produce
an inappropriate referencedistribution. Auseful surrogatepreserves relevant serial structureand the timingopportunities
that could generate alignment. Similarly, correlations between respiratory coherence and performance do not establish
that deliberately increasing coherence will improve performance. Instruction, practice, fatigue and task difficulty can
influence both. A causal recommendation requires intervention evidence for the actual movement outcome.

Missing cycles and breath holds deserve explicit treatment. A hold is not simply an extremely long inspiratory or expiratory
phase to which ordinary cyclic formulas can be applied. Movement-contaminated belt segments should be identified
using a prespecified rule, and their distribution across task conditions should be examined. Excluding difficult trials
preferentially from one phase can change the conditional error function. Sensitivity analysis should consequently show
whether conclusions survive reasonable landmark uncertainty and artifact handling, with those choices documented
before claims about phase superiority are made.

IMPLICATIONS AND LIMITS FOR BREATHING INSTRUCTIONS
Breathing instructions can serve aims other than immediate precision. Balban and colleagues investigated brief struc-
tured breathing practices and found effects on mood and physiological arousal (Balban et al., 2023). Those endpoints are
meaningful, but they do not establish the respiratory phase thatminimizes execution error in a sport skill. An intervention
intended to reduce distress before performance should be evaluated separately from an instruction intended to stabilize
the hand during performance. The timing of the intervention relative to the task is part of the explanation.

This separation is particularly relevant when a movement must be both fast and accurate. Frequency manipulations can
affect initiation, discomfort and emotional state; the neutral-image error comparison requires cautious interpretation
because its interaction test was nonsignificant (Buchanan and Janelle, 2022). The present analysis therefore supports
outcome-specific evaluation of an instruction, including the possibility of a speed-accuracy trade-off. It does not support
prescribing fast breathing for rapid sports or slow breathing for accurate sports on the basis of a laboratory pinch task.
Sport-specific validation requires the actual demands, tolerances and preparation constraints of that skill.

Several limitations restrict the conclusions. Ranked web retrieval, a fixed historical publication window and single-
workflow selection may omit relevant studies. No pooled estimate or population-level certainty rating is provided.
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Abstract-only access for three performance reports prevents full assessment of their methods, and reporting discrep-
ancies in another reduce its quantitative weight. Small laboratory tasks differ from whole-body sporting actions. Neural
observations in clinical intracranial samples inform possible mechanisms but do not supply population estimates for
healthy athletes. Finally, the sinusoidal calculation establishes a measurement property under defined assumptions, not
the existence or amplitude of that perturbation in every participant.

Within those limits, the article supplies a defensible correspondence between kinesiology and neighboring sciences.
Respiratory neuroscience becomes useful to movement science when its phase relationships are connected to mea-
surable force or trajectory errors. Respiratory mechanics becomes useful when transmitted body motion is assessed
alongside the motor endpoint. Statistical reasoning becomes useful when it separates action opportunity, selection and
execution. The resulting account is narrow enough to test and broad enough to prevent physiologically different studies
from being merged into one unsupported rule.

CONCLUSIONS
Humanexperiments support respiratory associationswith force steadiness, action timing, trackingprecision andhandgrip
endurance, including beneficial coordination in specific tasks. They do not identify a universally optimal respiratory phase
for execution accuracy. Interpreting a precision action requires its target, respiratory manipulation, temporal anchor and
execution interval to be specified together. Established conditional-expectation relationships separate onset selection
from conditional error; exact periodic-error calculations explain why complete-cycle signed averaging can conceal
persistent fluctuation. These calculations supply falsifiable measurement predictions under stated assumptions, not
evidence of a breathing treatment. Comparisons that measure sensory timing, movement transmission, ventilation
and within-interval error can give neighbouring sciences a concrete role in kinesiology while preserving the difference
between a candidate mechanism and a demonstrated task benefit.
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