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“ ) Thls study 1nvestlga*ed uhether the'acuit threshold Lo

for d*stant .targets is elevated -for 1nfan$s ranging.in age from’ 2uwto .

procediire, acuity thresholds for each of 33].infants"- -were’ deterained ..
for one’ or more of the distances 30 cm, 60°cmn, 90 om and 150 ch. R
Acuity threshold was defined as the’ flﬁest‘gr'tang touamd uhich the

indicate that these thresholds were centered around a modal 7,
grating-stripe width of 30 'minutes of visual angle, regardless of the
infant's age. The predomznant threshold.of 20 - 30, mjnutes of an arc

are in agreement with .other infant acuity studies, showing that 1- to
2-month=o0ld infants: are sen51tlz§A§9/§§Qtings of 2 cycles per degree
or coarser. This value was relativ&ly constant across large

not accommodate ‘as a function of target distance. This finding, is
 low visual acuity of

the infant does not vary with the distance of~j\he pattern being Y
viewed. (It is suggested that the young infant- sensitive only to =«
low spatial frequencies, so that there 1s not effective sﬁlmulus for
accommodation.) (GO) °~ - O
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'»'l'd likejfo gtart by reading to you-ﬁrom two . Well knoun and~oft uééd‘textn )
, . o . Sy s “,'-

books of child developmﬂnt. First' "Tbe neonate 8 eyes have d fihed focua at

‘ Q’° r3 .
a . 0 . T ) .

E jf about 7& inches E;Q mi} ‘which may mean that more distant objeccs are seen as

hd “ o

blurred, " (1) And aecond "It appearn that for the first;month the infant doea .

. AR

not make any adjustment to objects at varying distances from hia eyes (called sy

LB

accommodation)., He geems to have.a fixed focus ‘at about 8 inches from hia face. -

L

.

.5% The poor accommodgfion for the firat 8‘weeks would make the perception of detarled

&, 4

e forn at a distance dffricult." (2) :f . ;‘ -

S Thesentatemnnta are based on the f‘ndinga of twv studies, one by Haynes, e,
White, and Held (3), and a replication by fmite and Zolot (4). Both employed the

v'technique of dynamic.retinoscopy'to assess'the,refractive staée, i.e., thq'foﬁus, .
_ of'thevlens as infants fixated-targets at varying;distances.- The resultsaindi- | N
: . | cated tggt during the first month or two refraction ¢f the‘lens did not vary ‘ .f ;
approprLECely with the distance’ of the target being fixated. ., Bach infant 8 lerts |

+ was fixed in focuo for some’ distance--called the focal plane--within 32 5 cm
L o
’ g from his eyes, The particular distanpe of this focal-plane varied from infant: to
! ~.infant, with a median distance of 19 cm.

»

These retinoscopic data have some interesting lmplications for acuity thres-q

1"

hold, psychophysically determined as a function of distance. "1f there is a fixed
focal plane at about 19 cm,, then, at’least according to the geometric optica of

:E the adult eye, a target diatance of 150 cm would be about 5 diopters out of focus.

- LN

For the adult, a’ ref;active error of this magnitude woulé markedly elevate the '

»
Yo,

acuity threshold,® Only a limited number of atudies (5) have éxamined the aguity
A ;threahold of very young infanta/f%r a stationary target. Typically, the infant ,
;‘made a spontaneous visual choice between a auuare(nave grating--a striped panel-~ .
and an unpatterned panel matched to the gratingrin'size and luminauce. -Acrogs all- <

»
‘atudies it has been é:nerally found that the acuity threshold(of the infant twoacr = |

P

. ’ : ‘
months of Jke or’ younger is somewhere between 15 and 40 minutes of arc or, 2,0 and

L]

»
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..75 cycles per degree.’)No etudy has reported aensitivity to gratings finer than

ZQP cycles ‘per, degree. For a\compariaon, ndults with good vision are sensitive

e

Ll

to gratinga oﬁ.at 1east 30 cycles per degree (6).
Howevar, moat investigators using aquare wave gratings have determined
- - acuitg/threshold using targets 35 cm or leaa from the infant's eyes, Fantz, Ordy,

. . and Udelf (7) werevthe only ones who varied target distance, and i their study
. o %

no effept of target distance on acuity threshold was found acroas the range em~
. ployed 13 to 50 ‘cm from the eyes. S ‘- ' .

_We investigated whether in fact the acuity thresbold for dietant targeta is '

’

elevated for young infants, as the retinoscopic data SngeBt it may be.
Thirty three infants, ranging in age ftom 24 to 63 days, provided- useful

data* nine of them did 80 o% more than one visit. The mean age' of our subjects o

was 37 7 days. Infants were placed in an infant seat centered in front of a
L *
. large Polacoat rear projection screen, On each trial a black and white square
o - 4
‘wave grating was rear projected on one side of thenscreen, alopg withza gray

-

patternless field of the same size on the other side, The two fields adjoihed

at midline. The gratings presented had stripes of projected dize of 10, 20, 30,

- 40, 50, or 75 minutes of visual angle at each test distance and ,were of high con~

' trast. Gratings and gray fields were of moderate brightnesa and their overall

K
o

projected size was 24° x 24 of visual angle. To enaure hat e line of sight
o~_

v of each infant ﬂﬁs at midiine before the introduction of ea grating and control

field a vertical hatched bar was projected at midline prior'to each trial. When

? >
theginfant was judged by an: observer to” be fixating the bar, it was removed and

the test ftelds introduced for 3 seconds. Two observers stationed on either side
[o]

"of the infant independently scgifd whether the infant s first eye movement fol« .

- i
-,

lowing the introduction‘of the £wo fields_was to the 1eft or to the right,’ if

he made one at all, Agreement between scorers was 73 percent. o
ce f P : ) ' . .v“ el ‘ . - L3N )

\
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' across consecutive trials at each stripe width, and normally‘atﬁleast 20 trials at

" than far thresholds., In only two cases did an infant!s near and far thresholds . = |

- one to -two month old infant is sensitive only to-gratinga of 2.0 cycles per degree

or coarser. Ia additlod, our results suggest that this value ig relatiyely con-

on different days. .

; . - .?3- '
*>
. »

A modified staircase procedure was used to determlhé‘aeuity thresholds'for

L

‘each infant at o%f or moze of tne following distances~~30 cm, 60 cm, 20 cm, or

150 cm, Side of pre entation of the grating and gray" field was randOmly varied

{7

: J.)

_each . stripe width were presented, Acuity threshold was deﬁﬁnPd as the finest

grating towards vhich the infant directed a significant proportion of first fixa-
tions ( p< .05 according to a one-tailed exact binomial probability test).

//“\ Tabie l summarizes the acuity thresholds determined at ‘the various distances |
for all acceptable Ss, Hote first that the thresholds are distributed in a simi-

lar fashion at each ‘of the four distances. The thresholds_in eachvease are cene.

~
’

terad around amode of 20 mihutes, 'rhis, incidentally wee tiue reberdleso of age.
Second, the predominant threshold we found for the 150 em diatance, 20~30 min is

similar to the-value reported in_the literature for one ‘to two month olds looking
‘at stationnryjtargets-close'to the eyes. Third we gbserved no general imordve-

ment in'acuity threshold’over‘theiage'range we tested This finding too is coh~-
sistent with the 1i erature--other researchers noted improvements with age only -

L

after 2 or even 3 months. Finally Table 2 lists -ouy within subject data, Of

the infants for Mhom both a near, i. (- 0 cm or closer, and a far i.e., 150 cm,
threshold were determined, 5 infants had identical near and far thresholds, 4

I S
had higher near thresholds than far éhresholds, and 2'had lower near thresholds )

Ly

differ by more than 10 minutes. The across distance différences are of the same
- [ ) \1

magnitude as the differences betveen thresholds for the same distance determined ot

Our results,then,agree with other infant acuity studies, indicating ‘that theq

. , - - . ) F .. s -
stant across a large distance. This finding would seem to conflict with the

~
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findings of Haynes s White, and Held and ’Ivn:lte and‘ Zo]ot. ‘How can fixed focus /‘
~° .7 of the-lens be reconciled with no. effect of target distance on acuity threahold? '
| . An initial possibility is that the retir‘oscopic data are inaccurate. One
o could argue that the infants were not fixating the targets in the retinoscopy .
studies and’ that one mnth old‘s are. very difficult, and unrelizble clinical subw
Jects, We do not vﬁzsh to' ente‘rtain this possibility. Haynes, 'White-,vand‘ Hel‘d \
report good agreement among repeated‘m‘easurement's bn -thgf\game infant, and'thér

. » - .

were able to detect consistent differences among infants of different ages, :I.‘hey
.

. were. also able to de-tect consistent differences between sleeping and alert in’fants.

y The lenses of the infants vhen asleep were rPlaxed with some 5 dioPterS less re-

fmcti"e power than when%:he , inf, ts wer:e awake aud alert. Thiis latt

L3 -

Y . findiug K incidently, demonstrates th

v o
_because the léns is riﬁﬁ’_ '
- : , . ] _

As anﬂlternative, let 8 assume that the one to two month old does have a

';I

fixed focal plane. Also suppose that his acuity is limited to, 2 cycles per degree .

L4

. 1£ the infant's focus is fixed,’_it ‘!@%not R

or coar,ser by somethi& other than the optics of the eye. Perh ps the aturity |

. 5
: of the retiga or the central nervous system is responsible. As youmay kncw, a

(

square ‘wave grating is-made: up of infinjitely many ‘sine .waves, thg. lowest frequency
sine wave spedifying the fundanintal frequency of the square wave (see Figure 1).
What we are suppoaing j.s égat the infant is insens tive to the higher spatial .
/ frequencies of a square wave grating, even when é:ating is viewed at h:l.s -

fixed focal plane. At best what he sees is a 2 cycle per degree sine wave grating.

o\ .
He never sees sharp edges or resolves fine detai_,ls.

Some work with ‘adult subjects now becomes relevant.. Green and Camplgf.ll (8)‘1
«

induced varioug amougts of mfractive error or blur by placing 1enses Mn front
' /7

e of their subjects ‘eyes. They found that the introduction "of considerable re--

' . fractive blur had a negligible effect én the sensitivity of -adults to sine wavea "
it v LY
ajof 101 ?atial frequencies, but effected a marked snd increasing loweringqof

-

' E MC gensitivity to: sine waves of higher spatial frequencies e Figure 2), - -

T L Ry o008/ o
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v . ,‘ > P . oa . . . )
What this suggests is that perhaps the one to two month Blolingantfzh\\\c;//f

lens does not acccmmodate as a function of target distance precisely because the

7 Y

~ infant is sensitive ouly to low sﬁatial frequenciea.
0
stimulus for sccommodation is provided primarily by high spatial fréquency infor-,

That is, if the effective

I 4

mation,or even simoly by noticeable blurs,then for the young infant there is no

. effective stimulus for accommodation. He is not vensitive to high spatial fre-

quencies and the low ones to which he is seqsitive dq-not~look'different through - .

refﬁactive errors of considerable magnitude, Perhaps the lens of the young in=

fant could exhibit variable accommnodation if the visuel system at or beyond thé
retina were more sensitive to hfgher spatial‘ é&equencies or if an optical aituation
<

in which even low spatial frequencies were unavailablé unless the infant accom-

modated could be arranged,. -But whether or not. the one to two month old CAN acccm-

~ -
modate, findings that he does not are compatible with the evidence to date thatthe
low VVisuai acuity of the infant does not vary with the distance of the pattern’

Being_ﬁiewed. o : iiﬂ'ffef‘
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_ Fi. 2 °Ffiect of focus on the contrust sensitivity. measured for
increasing positive’lens power. A 2-mm-diani pupil was used.

~ The eyve was in focus for the viewing distance when corrected with:

41.3 D lens (closed circles). Each puint is the average of three
measurements (observer D.G.G.). E
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- Figufe 2. From Green & Campbvell, 1965.
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