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a_sinusoidal trajectery across-a video monitor. Tracking of this
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period of the sinusoid were suddenly reduced and target velocity was

cdecreased. Changes were expected to disrupt infants' tracking if

1nfants were developang expéctatlbns for the base tra;ectory.

atsruptea track;ng. E:nd:ngs suggest that 2- and 3-month-old 1nfants

form expectations about a moving object's trajectory, and use
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- " U'S. OEPARTMENT OF zouca':rtéi
NAOMI WENTWORTH & MARSHALL M‘ HA}TH Office of Educational Research and improvement
EDUCANONALCE%STCE)%&?ECE%INFoéMArION
Unxvcrsxty Of Bchcr x;hng document_has besn reproduced. 8
ocewo(d ghzm the person or orgumzahon
— onginahing -

T Minor changes have been rnade to -Mprove
r@production quality =~

& Points of view oropinions stated in this gocu-

ABSTRACT ment do not necessarnly represent otficial

OERI posiion or policy

'I'hxs study cxamxncd thc dcvclopmcnt of smooth trackxng in young mfants cspccxally

thc rolc that cxpcctatxon plays in trackmg of complcx vxsual motxon 'I'hc unagc of thc

infant’s cyc was rccordcd as hc or she trackcd a small computcr-gcncratcd targct as it

f acﬂxtatcd by cxpcctatxon of changcs m dxrcctxon that occur at peaks and troughs

chcc smuso:dal traJcctones were choscn over thc Simpler honzontal motions typxcally

used in tracking studies.

A 25 dcg targct appcarcd 16 dcg to thc nght of szual center and moved to thc lcft

at 7 dcg/scc followxng a sxnusoxdal traJcctory thh amphtudc of 12 25 dcg and penod

of 19 dcg After travcrsmg 32 deg, thc targct was replaccd by a new ofne of

approxxmatcly thc same sxzc, thch movcd at thc same rate in thc reverse dxrcctxon

f ollowmg thc same trajcctory On six of thc 12 scrccn transxts prcscntcd thc
amphtudc and pcrtod of the sxnusoxd w;:r;: ;ué&chiy rcduced to 3 and 5 dcg, rcspeotxvcly,

while targct vclocxty was dccrcased to 3 6 drg/scc We cxpectcd thc changcs to ,;roducc

dxsruptxtm in trackmg 1f mf ants were dcvclopmg cxpcctatxons f or thc basc tra Jcctory

Throughout thc 3 min session, thc mf ant’s rxght cyc was vxdcotapcd Ey mf rared "orncal

rcf lcctxon Calxbrat:on data werd obtamcd prxor to the first screen traﬁéxt

Ghangcs in thc sxnusoxd dxsruptcd trackmg Thcs.e f mdmgs suggcst that 2-(§=3) and 3-

(n—-8) month olds f orm cxpectatxons about a movmg objcct S traJcctory. and utilize thcsc
777777 "fiéﬁ”iggﬁ ST o ot
cxpcctattons to f acxhtatc trackmg. ﬁgﬁ'ﬁi&&'ﬁ’ig‘égﬂfﬁg’%‘?ﬁig*‘g’?
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INTRODUCTION

Accuratc trackmg of complcx V15ual motion 1s charactcnzcd by an mtncatc balancc of

toward morc skxilful ir;okmg should provxdc a vchxcle for gaining xn=1ght into the- carly

&ovolopmcnt of thcsc two underlyxng proccsscs Thxs %tratcgy ﬂuxdcd thc prcscnt study of

trackxng of sxnuso:dal traJcctorxcs rcqmrcs famy precx coordnnauon of honzontal and

occurnng at pcaks and troughs l-‘or thcsc reasons, s:nuso:dal tl'ajCCtOHCS were choscn
f or thc prcscnt study rathcr than thc s:mplcr honzontal tra;cctoncs typxcally nscd in

tra’ckiné studies.

GOALS OF THE STUDY:
- to achxcvc a bcttcr undcrstandxng of thc dcvclopmcnt

of smooth trackxng in yOung infants

- to dctermxnc the role that cxpcctatxon plays in youag

mfants traclfxng of complcx vxsual motion

METHODS

M_—: Exght 3-month old and thrcc 2 month old mfants

_Q_C_m_mg Inf ants v:cwcd by mirror rcf lcctxon bngﬁtiy colorcd targcts (c é

chcckcrboards) traverse a computcr monxtor foiiowxng a sxnusoxdal tra Jcctory as shown in

Fxgurc 1. The track:ng task began when a small target, subtendin ng a a 25 dcg visual anglc,

appcarcd 16 deg to thc nght of the mfant 3 v:sual center and bcgan movnng to the left at



7 dcg/scc 'I'hc targct f ollowcd a honzontally orxcntcd srnusoxdal traJcctory thh

amplrtudc of 12 25 dcg and pcrxod of 19 dcg Aftcr four cyclcs thc targct now l6 deg to

the left of vxsual center, was rcplaccd by a diff erent targct of approx:matclv thc same

size, whxch movcd in thc reverse dnrcctxon at thc same rate, and along thc same

smuso:dal trajcctory On six of thc 12 screen transits prcscntcd the amplxtudc and

pcrrod of thc sxnusoxd were Suddcnly rt‘duccd to 3 and 5 dcg amphtudc and pcnod

respcctxvcly, whxlc targct vclocxty was rcduccd to 3 6 e‘cg/scc Rcductxon in thc size of

the undcrlyxng srnusoxd occurrcd aftcr exther one, two or thrcc cyclcs of thc largcr

éiﬁuéoi&, bro&uéing transits with:

a) l cyclc of the largc and 5 cyclcs of thc small smuso:d

b) 2 cyclcs of thc largc and 3 cyclcs of thc small sxnusoxd

¢) 3 cycles of the large and 1 cycle of the small sinusoid.

returned to the largcr sxnusoxd for thc start of a reverse transrt

Calibration data f rom f our screen locatxons were collcctcd 1mmcd1atcly prnor to the start

of thc trackxng task Throughout the scssxon which took placc ina darkcncd room and

lastcd approxlmatcly 3 min, thc 1nf ant’s rxght eye was vrdcotapcd using standard

techmqucs of 1nf rarcd corncal rcf lcction photography

a) gs; La,g dcf 1ncd as thc time lag bctwccn pcaks and troughs in thc 1nfant S

trackxng rccord rclatxvc to pcaks and troughs in thc targct s traJcctory,




b) Amblitude error - defined as the distance between the target and the infant’s

direction of gaze;

c) Proportion of saccades -- defined as the proportion of eye movements with velozities

greater than 50 deg/sec;

d) Disruption in tracking -- defined as off-task behavior sustained for more than 500

mscc, mcludxng blmkmg, lookmg away, excessive cyc-hcad movement.

RESULTS
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A 51gn1f1cant lmcar rclatxonshxp bctwccn phasc iag and screen trans:t (; = —2 709 o)

< Ol) mdxcatcd that trackmg unprcvcd thh practxcc Wxthm thc scss;on, thcrc were

several oééa;ian; c;h whxch one o" thc smusmds was mjﬂ for at lcast 70% of thc

cyclcs of two adjaccnt transits. In thcsc cases, we dcf mcd thc f irst cyclc of thc

O, s —wi——g-- i ——— —--———

adjaccnt transits on whxch thc smuso:d was saddcnly gh_a_ngg_d_ aftcr a majonty of cyclcs of

the other smuso:d had occurrcd !n thcsc cascs, we dcfmcd thc f irst cyclc of thc

changcd smusoxd as a non-cxpcctcd" cyclc Phasc lags were markcdly rcduccd on cxpcctcd

cyclcs, comparcd to non-cxpcctcd cyclcs, f or thc largc (t ? 43 p_ < (»5) and small

smus...:l (g = 1 86 g = ll) In addmon consistent margmaﬂy sxgmf j;ant differences

Suggcst that thcsc facxlxtory and interfe cnng cf fects tcndcd to pcrsist bcyond thc f irst

yclc throughout the cntxrc rcmammg transit (1 valucs f rom 3 3 to 1 5 thh a valucs

02 to :18):
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Amplxtude error decreased thh the number of transxts presented (1 = -2 67 g < 05),

D < :65) and small (i = 2;35 ﬁ_ = ;65) sinusoids. However, these f acxlrtory and

1nterferrng effects tended not to persrst on subsequent cycles Amplxtude error was

greater durrng peak and trough regxons, compared to ascent and descent regxona for the

large sxnusord ip_ values < 65) Similar dxfferences, though not statistically

sxgmf icant, obtarned for amplxtude errors in traekmg the peaks and troughs of the small

sxnusmd Finally, amplxtude error was less durmg trackxng of the small s:nusoxd

compared to the large (all ) values < .6i§.

The proportlon of saeeades tended to decrease wrth rncreasxng number of screen transits

presented (p_ = 20) There were f ar fewer saccade', on the second transxt than the f 1rst (n

< OOl), and sxgnrf xcantly more saceade' dunng trackxng of the small sxnusord when it was

preceded by a maJorrty of cycles of the large sxnusord (1 4 l p< Ol) In addmon,

there were more saceades durxng peak and trough regrons of both the large and small

s:nusoxds relatxve to cu. respondxng Scent and descent regnons

Frnally, the prebabxlxty of f axlxng to track the small srnusoxd wlucli occurred less

frequently overall than the large sxnusord was greater than faxhng to .rack comparable

portions of screen transits with the more frequent large sxnusord (; = l 77;p= 07)



;;Z,ii;:}; . {7 -

Inspcctlon of the trackmg records of the three 2-month olds suééests a tiiirﬁi:"ci- of

rcspcctxvcly) Sccond none of thc 2-month olds showcd dxsruptxons in trackmg thc Small

smusmd on 1ts fxrst appcarancc followzng a ma;onty of rcpctmons of thc largc

prcccdcd by a méjoi-iiy of cycics of the largc sxnusoxd Thcsc dxf fcrcnccs can bc seen in

anurc 3 struptwn in tr ackmg one smusmd aftcr scveral repctxtxons of thc othcr
nmusmd gcncrally dxd not occur untxl thc 2-month olds had Seen at least six screen

transits. In contrast, f or thc 3-month old mfants, Substantxal dxsruptxon in trackmg

occurrcd by thc f ourth transxt when the undcrlyxng sxnusoxd was fxrst changcd aftcr

tracxmg sccmcd to unprovc Wlth practxcc althOugh facxhtatmg cf fccts tcndcd to occur
later f or th\. younger mfants Trackmg 'ccords f rom addmonal 2-montﬁ olds are rcqmrcd

to test thc rchabxhty of thcsc age compansons

CONCLUSIONS

L 'I'wo- and 3-month old mfants were ablc to f orm cxpcctatxons about tra Jcctoncs of

vxsual movement, and to use thcsc cxpcctauons to track more effi xcxcntly

e o i e — —

2 thn non-cxpcctcd txa;cctor:cs occurrcd mfants trackmg tcndcd to becomc lcss

ef f 1c:cnt* or totaily disruptcd

3. Two-month olds tracked less cf f 1c1cntly than 3-month olds. and tcndcd to takc longcr

to dcvclop cxpcctatxons, whxch - whcn appropnatc - facﬂxtatcd trackxng, or - when

vxolatcd - mtcrf crcd thh trackmg.



SURMARY OF FINDINGS FOR 3-MONTH OLDS

PHASE LAG

RHPLITUDE
ERROR

2, Correlation -
with Transit §

. tn st
Cycles of:

2) Large Sinusod

b) Snall Sinusoid

4, On Non-Expecte
Cycles of:

a) Large Sinusold

b) Snall Sinusoid

5. Conparisons

158.6 ngec

25 #

383.3 msec

229.3 nsec

476.6 nsec

3620 mgec

3 ve 4at
I V6 4b ¢

2,26 deg

- ;Si

1,72 deg

1,60 deg

2,70 deg

2,06 deg

.09

16

05

2 v8 dans
b vs 4h #¢

IN TRACKING

A0

203

375

215

495

Ja ve dans
b v8 &+




py
- [
e —— — — oL
= - -~ e - Display
T Computer Monitor
Mirror X /
ugm C_PeE L | T
Collimator—" /¢ —‘\;;; -
- ¥ 4 Mirror 2
Mirror ¥ ~*"
__Videotape Recorder

U -

F' :E: i

Apparatus and display for observing infants’ tracking.

ERIC

Full Tt Provided by ERIC.



Saccade

Y
(23
1
42
]
l

i
PO
| 2
[ e T = oy
e -ﬂ.u_”M...uhnf., 1 L |
D , s N o
Ih g e - P
i <2 * @
R} L ol -1 O
,-,1,’»\.'; ,ﬁﬁ [ ] d
I a2 P I o -
BB i £
- i e . N - I
e T , Va1 69
s | e I o '@
e i - o2
i e . ! 9
'8 - o 8
D Lo N e 14O
A = i =
\ 1 -
ﬁ -
I i ! ,a ,"
e . ]
P 5 A b
h —— T e - S gad , | | in ' ,d
e ! N -] | c.l
o | , = | ,
T S - -
\IUICHMNH " s -
g + -

) ,.tl..Tﬂu.ﬂ«Mv =3 i -

ag, ampl

R -

Time (333 msec/tick)
Infant’s tracking record superimposed

phiase

es == p

‘Phase lag
}
4 ] 1 ) 1 ' ﬁl 1

,»,wi\,-,lan. =

rege -

HY e

P s e om0 R - P 9
— ° |

Q.
. ]lﬁ. & * A W, v;llMull.Tll..#lli L R Y .II ..*,,
76 e

2

CND
(uogsuawyq [eotIrIN) i3tBuy: Teusyp mmmm,um&n

ted.

,R,

depic

tracking variabl




N - e

TR e e e e,

s s

;Axuﬁu\&m‘v

Y ey

Iy
Ry |

.
o

¥
Tt
[P e A -1

o~y

1.

-

e e s o] fmsnief

Y
N

e
N
1

(uoysusuwyp 7e073197) @18uy jensyp sasi8aq

maec/tick)

Time (333

ng records ¢

th olds’ trac

-month

and 3

f 2=

screen transit.

omparison o

Compa

Aruitoxt provided by Eic:

E\.



