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(e.g.quarternotes half notes,anddottedhalf notes)cangiveriseto asensef regularityata
ratethatis not actuallyrepresentedby anyof theintervalsin the sequencéthatis, atthewhole
notelevel).In fact,manypreviousstudieson neuralentrainmentdid not evenutilize the
strictlyisochronoussequencepresentedereasa hallmarkof rhythm but insteadallowedfor
considerablgitter betweersinglestimuli (e.g.[6+9]).

Empirically,rhythmicity canbeassessdukestby askingindividualswhethertheyperceivea
sequencasrhythmic. To this end,wetransferredBreskaand Deouell'ssequencet the audi-
tory domain(arguablythe more naturaldomainfor assessinghythm andentrainment)in an
exercisehatwasquite informative:it turns out that their @repeated-intervaltondition, con-
ceivedto reducerhythmicity, feelsveryrhythmic indeed(seesupplementaaudioat https://
osf.io/phs6e/)Theoreticallyrhythmicity canbeassessdaly attemptingto align (thatis, to
entrain)asinusoidaloscillationto a stimulussequencérig 1), asBreskaand Deouellhavealso
done:if the oscillationalignsto the sequencsuchthatits relativephases sufficientlynon-ran-
dom relativeto stimulusonsetsthe sequencshouldbeconsideredhythmic from the per-
spectiveof the underlyingoscillator.Our attemptsto do sosuggesthat the degreeof jitter
employedby Breskaand Deouell ,evenin their &random® condition, would still allowfor suc-
cessfuheuralentrainment(Fig 1C).We notethat Breskaand Deouellalsoreport resultsof
suchasimulationandalsoshowthat,in particularfor thelong SOAcondition, their 2random®
stimulationwould haveledto successfubscillatoryentrainment.

An orthogonalissuecontributing to Breskaand Deouell'dargelysimilar phase-concentra-
tion resultsacros$rhythmic® and@repeated-intervaleonditionsis the presencef large-
amplitudecontingentnegativevariation(CNV) and P3componentdlankingthetargets,
whichlikely distortedthe phasemeasuresndresultedn artificially high phaseconcentrations
(Fig 1D). This suggestiorfalsoput forward by Breskaand Deouell)wasconfirmedby our sim-
ulationsandaccuratelypredictedlower phaseconcentrationat the time of the warningsignal
comparedo thetime of thetarget,which would not be predictedby neuralentrainmentalone
(Fig5Bof Breskaand Deouell[1]). Thebottom line herehasalreadybeendiscussedtlength
in thefield: phaseconcentrationmeasureslo not justindexoscillationsbtheyindexthe entire
underlyingsignalbandthereforeshouldbeinterpretedwith utmostcaution.

Nonethelesdp concludethat®phaseconcentrationandalignmentof slowEEG[electroen-
cephalogrambpscillationsarenot a signatureof rhythmic entrainment®([1]; asin thetitle of
their paper)is worrisome:Breskaand Deouellseenonly to considerthe possibilitythat
entrainmentmeasuresnight not begoodindicatorsof entrainment.Potentially however,
their manipulationsimplydid not varythe intendedindependenimeasurdthatis, rhythmic-
ity) to aconclusivedegree.

Our reservationsotwithstanding Breskeand Deouell'spaperis animportant reminderof
how little weactuallyknow aboutthe way(s)in whichrhythmicbor otherwisepredictableb
patternsin our environmentareutilized by behavingorganismsAccordingly,ahallmarkcon-
tribution of their paperis to demonstrateéhe behavioratostgin termsof responsé¢imes)that
canarisefor abehavingorganismfrom entrainmentto astrictly periodicstimulus.

Letusconcludeby briefly outlining requirementof anexperimenthatwethink would set-
tle the important questiongaisedby Breskaand Deouellmore conclusivelyFirst,the experi-
mentwould needto manipulatea perceiver'sability to predictthe preciseiming of upcoming,
behaviorallyrelevanteventsby truly varyingrhythmicity. Thatis, the presencef rhythmicity
shouldbeempiricallyverifiedby askingfor information aboutthe (non-)rhythmic percept.
Oneparticularlypromisingapproachs to manipulatemeter:rhythmswith differentdegrees
of perceivedhythmicity canbeconstructecby reorderingthe exactsameinterval set,creating
stimuli with identicalstatisticapropertiesbut differentdegree®f perceivedegularity[13].
Suchstimuli allowfor arigoroustestof the effectsof rhythmicity on neuralentrainment.

PLOS Biology | https://doi.org/10.1371/journal.pbio.2002794  September 19, 2017 2/5


https://osf.io/phs6e/
https://osf.io/phs6e/
https://doi.org/10.1371/journal.pbio.2002794

a Stimuli

g IIMAMA A AR AEAL AR AL A ARAARIAR
LA L URTR TR TR TR R

Time (a.u.)

Fig 1. Pitfalls of “oscillatory investigations” into rhythm processing. (a) A 20-second-long snippet of
simulated delta oscillation illustrating the properties of the model used to investigate the effects of task
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structure on the delta inter-trial coherence measure. The top trace shows a simulated ongoing delta oscillation

that becomes entrained by the stimulus onsets, indicated by vertical red lines. The bottom trace is the time

course of the instantaneous frequency of the delta oscillation; the horizontal line marks the stimulus rate. The

ongoing oscillation had a default mean frequency of 1.7 Hz (with a 20% standard deviation of 0.34 Hz;

Gaussian frequency distribution). Upon stimulus presentation, the oscillation was reset, and the period was

sequentially adjusted to the frequency halfway between the current ongoing frequency and the SOA of the

preceding 2 stimuli. (b) Simulated oscillatory entrainment by the stimulus structures employed by Breska and
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Deouell [1]. As the delta waveforms averaged across 100 instances of stimulus sequences consisting of 7
stimuli illustrate, delta phase across trials is not random, but rather delta oscillations are aligned to the stimuli,
despite some randomization (for paradigm details see Breska and Deouell [1]). Indeed, ITC values measured
at the last stimulus of each train (target in the Breska and Deouell study) were all significant (all P 10 ), as
the respective polar histograms next to each panel illustrate (covering a range of 0%—100% of all delta
phases). (c) The effect of SOA randomization on phase concentration. Simulated ITC values at target onset
for differing degrees of uniform variation in SOA. The x-axis displays percentage SOA standard deviation; the
vertical dotted lines represent the actual SOA variation used by [1]. These both fall into the rhythmic category
indicated by significant ITC values (horizontal dotted line, Rayleigh P = 0.05 for 100 trials, corrected for
multiple comparisons). (d) A theoretic scenario in which ongoing oscillations are not reset or entrained by
stimuli, e.g., when presented stimuli are being ignored [10]. On top, no event-related potentials are present,
and delta phases measured with the phase estimation method used by Breska and Deouell are random
across the 100 stimulus train presentations as the non-significant ITC values measured at the time of the
second to last (Warning) and last (Target) stimuli show (bar plot on the right). On the bottom, we added event-
related responses including a CNV component following the Warning stimulus and a P3 component following
the Target (like responses in the Breska and Deouell study). In this case, even when phases of underlying
delta oscillations are completely random, significant ITC is detected due to the large amplitude ERP
components flanking the target. ITC related to the warning stimulus is still non-significant, similar to Breska
and Deouell’s results (Fig 5B in [1]). Note that the amplitude of the CNV component was twice the amplitude of
ongoing delta in our simulations, and that evoked response-related phase bias depends on the ratio of
amplitudes as well as on the shape of the response [11,12]. Abbreviations: CNV, contingent negative
variation; ERP, event-related potential; ITC, Inter-trial [phase] coherence; SOA, stimulus onset asynchrony.

https://i.org/10.1371durnal.pbi002794.g001

Secondwesuggesthat unpredictablenear-thresholdargetsavoidasmuchaspossiblehe
contaminationby largeCNV and P3componentghat candistort phase-concentratiomea-
sureslnevitably,howevertestingamemory-basegbredictionmechanisnis contingenton a
subject'sability to predictwhenthe targetwill occurba processhat canhardly escapéarge
transientevokedresponsetike the CNV andsomaybebetterstudiedusingapsychophysically
soundbehavioraparadigm It remainsto beconcededhoweverthatit is far from trivial to
arbitratebetweera (theoreticallyand empiricallythusfar substantiatedgntrainmentaccount
on the onehand,anda potentiallymore parsimoniousviewthat would subsumeboth periodic
andaperiodicpredictionsbut might challengeentrainmenton the other.

So,whatdo wetalk aboutwhenwetalk aboutrhythm?Aswehavelaid out here regularity
manipulationshemselveseedto beof sufficientmagnitudeand qualityto modulateboth
perceptof rhythmicity andentrainmentof a (neuralor other) oscillator. Eventhen,however,
our belovedoolsfor dissectinghythmic andnon-rhythmic processeim the neuraldomain
canbeturnedinto rusty bladedy notoriousinterpretationalproblems.This shouldencourage
usto humbly spellout our predictionsin thosedomainswhererhythm truly residesin percep-
tion andbehaviorf14].
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