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or a consideralde tinwe, there has been a view that a4 human

beings capacity lor lming and thyghmicity plays an impaor-

tant vole in 4 vanicty of behaviors incloding motor planning,

sequencing and cogniteee [unctions, such as artention and

academic achicvement'™. Concern about timing 25 2 human
capucily povs back centuries to philosophical arguments of Aguinas,
Mewton, [eibnitz and Rant abou the nature of ime and how humans
coame Lo perceive it

Lhe measurement of timing became moce cubust in the middle of
the 19th century with the introduction of the psychophysical
methods of Weber and bechner®, the empirical study of the accunacy
ol the perception or estimation ol lemporal intervals® and the TR0
to 1896 investigations of “time-sense.™ Now,
assessing time perceplion invelves the estimating
of the duratinn between two bracketing events
representing the beginning and ending of an
interval of time* .

Bhvthunicity is an extension of tme pL-Lt:L';Jl'Luu,
referring Lo the ability o consistently over time
repeat both fixed andfor variable length intervals®,
That rhythmicity is important to homan
[uncticning is supported by developmental studies
that [ind both feruses and newborns perceiving
time and estumating durstion of events™ ' Others
have found newhorns able 1o discriminate speech
rhythms of different colwres, Jalfe, et al. has

demnnstrated the impurtance of dhythmicity oo

4 CUICOIMEs

infant-mother dialog and the relationship of chythmacity 10 early
cognitive development™.

A number of studies have found timing related to measures of
overall school achievement, inchiding mathematics and reading, w
Language and mathematics performance and in rliﬁ'ﬂr:nl'inring averag
readers from ahove-average readers, Weikart, et al, in an unpublished
study Founed connections hetween timing and thythmicity and selected
arcas of academic performance as did Au and Fovegrove™". In
addition. problems i uming and dythmicity are seen in children and
adults with attentional, motor and cognitive challenpes. Ditferent aneas
ol the central nervons system appear to contnbute w this capacity,
including the cerebellum. prefrontal corex and the hasal ganglia.

In summary, there has
been evidence that timing
and thythmicity is an iinpor-
tanl central nervous svstem
function related 1w & mumber
of attentional, cognitive and
motor skills. While more
research is needed o
eonfirm and extend these
findings. it may be uselul w
consider the developmental
pathways throngh which
timing and rhythrmwity exsits
its influcnce on higher-level

eognitive funciioning



Exploring Pathways that Influence Processes

How does the vital capecity Tor thythmicioe and timing inlluence

higher-tevel cognitive and academic ahilities? There
are i number of steps o this process. Fisl, tming
and dwthmicity are necessary i ander tw learn w
‘-iﬂll"‘_'l"_'l_' itr'll:l Iqu'”'l cl{'lil_lll‘-i ||t' LI |_:'|:' Il'lrrl,:llﬂl‘_'l.llll
with voe's environment), This ability fur mutor
planning and sequencing is & foundation n human
1|H—'F|(||:l|:wr|[ that Ejr_"p‘ih‘u in |-"i_'|r|1_. i|||';'|r1|j'_1-. The infam
actually beging to learm to intersct with his environ-
ment in a rhythmic and tmed way in uremn, when
W Can fjr_wwu;' ||i||| rt";!u'rlle' I \x’lunl]% :|||-|| [ 1!. S
ol touch and movement. He is also hearing his
mother's heartheat and sensing her breathing
rhythims, Almaost mmediarely after hirth, newharns
will u:;-.|:u_||1ﬂ 4] -;.il_ljll!,' ancd soumbs ard |,:-q:'g_i|| rriberns
of Ieoking and listening. These early interactions

a structured
goal-oriented training

process that challeng

icipant to
match the
& rhythm by
tapping hand and,/or
foot sensors

i) -1 4G Sy

with thee world are organseed in time and thythmic sequences, as are

the infants cycles of alermess, sleep and wake, as well a5 other biokoy

ical rhythms (which are
partially endopenmis, bur alfso
partizlly influenced by the
cnvironment i,

The infant uses his fimed
and thylbmic interactions with
the world 1o begin oo distinet
patterns. Ohne s o furrher
estahlish his synchrany with
hiz caregivers, as we observe
when babies in the early
months of life sre imvolved in
shared |oaking, smiling,
rhythmic mntor activity and a

varicty of atfective expressions




with their varegivers. This capacity [ur svochrong, hased on coordinatesd
rhvthmic actwvity, keeps develaping through Tife,

The second pattern, which builds o the ficst, is for the capaciy
10 plan and sequence actions. The infants capacity for timed and

rhvthunic interaction with the world auside his own body enubles

compley problem-solving, such 25 wking & parent by the hand and
showing her the desired food: Even later o, toward the middle part
of the second vear, the toddler uses this ability to plan and sequence
Lo investigate and problem-sobe with his envicomment on his own.

He mav search for a hidden rov ar fioure nut where his mother is
! 3 g

him to begin patterns of interac-
wit |'| .I'IJ‘:L

[".a.'rg_'.'.'u.'r!c are also :l\-ll:l||}

finm caregivers.

CASE STUDY No. 1

capable of engaging in timed

when visiting a new house.
Eventually, this sane capacity to
p|:a[:| ar] ST hecarnes thi

basis [u [oriming ﬁ_'.'l"|h|'||r: and

and thythmic interaction,
Rapidly, 2 shared process ol
rhvthmic interpetive patterns is

Crvesr the o

R
L'hl.J’.ZI'.l'.-it'Il."i.ll

months of life, the infant lcams one-page letter to his girlfriend,
(s his central nenoies syatem iz

prowing) that this thyvthmic

An 1l-yearold Doy who had suffered & beain injury while in the
second grade was now in the sixth grade, emotionally fraumatized
and unabie to write a single sentence. Prigf 1o starting IM training, he
mad spent an entire school year not helng able to produce any wrillen
¥ work. When his traming was comploted, be sal down and wrote 2

combining vr seguencing ideas
{zaving things like, “T want juice
now” or “Where is Traddy="). It
ll‘]l_‘-‘l r='||-_'|._'--||'|-". the hasis f..r
thimking {answering questions
such as "Wy de vou want tocgo

antside?” with “Because | want

mteractive relarionship can e
used g porposetul or causal way
the sees that lus smile leads o moms
stmnilel. In other words, inicially
r|'.1_."_|'|n14;_ il gl is are used Lo
esiablish’ & relationship  with
caregivers outside anesell and help
establish an outer reality or workd, a4
will as @ relationship with cacegivers.
Lhen this infant/caregiver relation-
ship becomes more parposetul and
causal. Tr is & bwooway causality e,
a reciprocal exchange of signals)

Loitially, these reciprocal interac
tions with car epivers (e, F'IJFF"IJ:-.v{.'l.-LLL
hack-and-forth exchanges) involve
simple smiles. looks, affective exprey
sinnz and other motor behaviors, such
as reaching, taking and returning,

Chver time, rL'up:ru-:.'d'. affective
exchanges hocome the basis [or the
carly sense of purpose or causality
During the [irst two vears of life, they
grow into more complex planning
and sequencing capacilies, o sense of
self and the ahbility Der pattern reco-
nition, as well as for regalating
hehaviors, mood and atrention and
social skills't

This vapacity [ur planning and
sepuencing, tsed to establish a sense
ol self and social relationships;

enables the infant and toddler w lesm

6 ouUtcomes

Lo play”). Subsequenthy, it is the

basis for sequencing idcas

In just about all
advanced thinking

|_r_'||._lt~l|||-| o :"-'li’||'|'l|1’t‘\. |{'lgi...:||
pallern, stich as in writing an

CENdy dI.JUl.'.: o |.'|l.'l|.3'|-. or in ather

and problem solving,

higher-level cognitve  and

the ability to plan and academic rasks. In just about all
sequence behavioms advanced thinking and problem
splving, the ahility to plan and
and thoughts is at and

sequence  hehaviors

the foundation. thoughts is at the foundation™ ™.
Throughout this process,

CASE STUDY No. 2

After I training. a d-ear-old boy with cerebral palsy finds it easier to
climb stairs without assistance. His mothes also has noticed a new
el of confidence, such as wanting Lo gy wWith & neighborhond Doy
whise faster movements had previogsly frightened him.

there is an mtimate relationship between timing, chythimicity and
synchrony and motor planning, sequencing, problem-solving and
alfectve reciprociy. Through his reciprocal emotional interactions
with his caregivers. the child continues to be imvobved i timed and
rhythmic back und-forth communication. These back-and-forth
communications, which build on his capacity for tming amd chyth
micity, in turn give rise to these higher-level planning and

sequencing capacitics, ultimately involving complex reflective



rI'rnnglwr i'|!|i| '.|'|'_|._|| |_'|.l||"'I"Iull'lil"il':lll"ll Hrl_qnl :|:_~.|;'._|||_'|' slpparls :_|;::-
model ', [t shows that the chythunicity and toung of mfant caregver

F'L'L'l'|'|!|.3'§.|=! interactions correlates w I.|.]I LHrTy l.'LIE'[].'LI‘-'L' l.'..iFd.{.Il.I-'.".‘: {ur

own research also supports these same conclusions for school-age
children and farther shows that problems with tdming and dwth
micity are associled with dilTicalties with mudulating atlenten,

bebuvior and motor perfurmance

Challenges Compromise Core Processes
We sce those rwo core pracesses compromised in o variery ol
L'|1.:'|||-F'I'|p|.-". i‘:|1|‘-|l.i||;.'_¥. :'|I,|E||I'i|‘:-|l :'I-'I!._L!hlgt' inclop |,'-|;,_|"|-"||1|H inq_: moatir
caolination, suctl interactions and lesrming disabilitics, including
notrverbal Jearning disabilities, us well as during the aging process.

L all these different challenges, must noticesble is 4 difficulty in
planning and carrying out comples. problem-solving actions {i.e.
motor planning and sequencing). For example, during the aging

process, rhere is, along with

TVRE BT |:,|-;.-_~_ H] \|;||.i£ll||¥ L
carrving aul II'.lIlI.J":lt'[." JdCLERES

CASE STUDY No. 3

Sometimss, in ey, what appears |

responsive ) enables children of all ages as well as adults to leam o
sequence and probleme-snbee. As indicated earlier, JafTe, e al.” Fourd
that the ability of & haby to interact with a caregiver in g thythmic and
rimed way was correlated with cark cagnitive capacities. Also, @5
indicated, we found that the
ahility to perform maror activities
in a rimed and |5'|:Lr|'||||in., AT IRI
il"’rl.'lu-lrf\":l '\.\.:"'I H L N | |_'|'!. ul
academic and copritive measures
during the school vears®, and
that children with attentional
prohlems and maror problens, as
wiell as children in special edis
rirm, tend o hase wore difficul
ties with their boasic capacitees [or

tirmng and rhathmecin

te be o memony problem s mone
a prohlem  in camplex
sequencing: Children with arren-
tinmal problems often have what
are referred 10 as problems with
their execurive tunctions (i.e.
o it trowble.”
therr ability o plan and sequence

comples actions, such  as

A young gifl who has issues of impuise comtiol became less
frustrated in school and began 1o physically act more appropriste
after IM training. At onc of her final sessions, the gid, who is bag for
her age and has difficulty understanding social cucs, greoted her
mother with @ ‘Mommy hug.” She explained that she used (o give
evedyonee "Dadcy-sized hggs,” but that “mommies shoubd get Momimy
hugs.” Then she added, “Semetimes it's my strenglh that gots me

followwing complex direcrions o
# restl For somwe children, planning and sequencing s harder when
it’s verbal sequencing for cthers, when o mvelves visual design or the
erecution of the mmor plan—and for others, all the above.

Clinically, we observe that individuals with these challenges also
olften have challenges in their ability for engaging in long chains of
comples alfeetne (emotional) reciprocity (i.c.. the mpid reading of and
responding to emotinnal signals with annther person ro nepotiate amd
prohlem-salee). Tt is nar surprising that many children with sequencing
difficulties alse have dilficulties reading aned responding 1o complex
sociil cues, since they ure part and parce] of the sume process.

Even more basic, however, is the [oundation for affective
reciprocity. which is the basic capacity for timing and rhythmicine As
we discussed carlicr, the capacity for timing and thythmicity begins
the developmental process in early infancy. Therelore, when we look
very clusely at the components leading to adaptive interactive
reciprocity, prohlem-soling and thinking, anc at the mast important
ones is the individual's capacite for timing and thythmicing Clinically
wre ohaerve that an emerging research s supporting the: aszertinn tha
the capacity for timing and rhythmicity, plus the opportunity 1o

interact with others who are highly reciprocal (e, contingent or

CASE STUDY No. 4

An 11-yearold with midline issues (which affect balance) was tested

using the balance subiest of the BruminksOseretshy Test for motor
proficiency. Before the Interactive Metronome, she scored as an
Bryear-odd, Following hor braining. she scored as 8 12year-old.

A Higher-Level Hierarchy
It appears that there is a hivrarchy associated with advanced cagnirive
ard social skills. The levels of the hicrarchy are as fallows

* Bliwthrmic and timed interactions with the ervdranment

® Bhyvihmic and timed interacrions {approaching svnchrony)
{See Keep the Beat, page 47

WwWIth nfher arman th"iI'l_f_-i

outoomes 7



Keep the Beat, oot fum page 7
= |eractive reciprocity with others
# The capacity w plan, scquence indd problem-sole in interuction
with otk
& The capacity to create and sequence symbols

o [he capecity [or relfectve and anticipatory thinking

Azgesements and preventions should invabee all lovels ol the
hicrarchy A comprehensive assessment ol interve ntian progan
wauld, therelure, assess aod weork with rthvehmicivy and ciming, 1he
synchrony of interactions with others, interactive reciprociry,
problem-solving, creating and using symbols and reflective amnd
wnticipatery thinkiong. Snme of these levels are already worked wih
in mury intervention programs for children with behavierd and/o
lcarming problems, problems with attention and varcos academic
challenges, as well as in working with challenges seen m o apgmp
pnpu|uliun5_ A omidssing ece, hawever. even in programs 1wl
attempt Lo be comprebensive. s work on the early levels of the
hicrarchy, For example, psyvchotherapy, copnitive hehaviar thesagw
and most special education approsches work sl the lagher levels of
the hietarchy, s does family counseling, Many rebalilitaion
progriams fur children and adults, including elderly populations,
wark at the middle levels of the hicrarchy Medications 1ond oo
pttempl oowaork ar a basic kiological level wo fmprove attentom,
phanning and sequencieg {the middle of the hiewehy). To the
futare. i primary effort must he made wowok ar the firse theee
levels of wthmie and tmed interactions with the eovivonment,
chwthmic amd timed meeractions with other human beings. aml
interactive reciprocity in & varieey of alTective anl senson
processing contests of graduated complesity, A nomber of us have
been conducting research on 2 new appruach 1w procesely measure
and exercise the capaeity for timing and rhythmicity and molor

planning and sequencing, The Interactive Metronome™

| a comput
erived version of the traditional music metronome used Tor
centurics o monitor and maintain Tming and rhychmicity, has
emabled research to confirm and extend the findings on timing and
shythmicity deseribed carlier, anl demonstrate that it is possible
o improve this basic capu{ityn

In eonclusion. we heve reviewed the imporianee of an
individual's capacity for chythmivity and timang Qo Lagh-level
copnitive, socfal and academic skills. We lave deseribed recem
findings and presented o developmental model 1o cxplain the
pathways theough which the efees of dhythmicier and timing coer
their influence. We have alsa stressed the imporianee ol aemmpre-
hensive appruach thet meludes all lovels of the developmental
hiererehy in assessing amd intervening with develapmental, cogni-

tive and hehavioral challengss <
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