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PURPOSE. To determine the accommodative accuracy of infants
and young children before they had had any form of clinical
intervention or treatment, in an attempt to determine the
difference between ‘normal’ and ‘abnormal’ visual experience
for these individuals.

METHODS. Nott retinoscopy was performed on 111 subjects in
binocular viewing conditions at a viewing distance of 50 cm.
The target was a naturalistic cartoon image with a broadband
spatial frequency amplitude spectrum.

RESULTS. Accommodative accuracy was not related to age
(4–90 months). In the group found to have no apparent clin-
ical abnormality (n � 71), the mean lag in the more hyperopic
meridian of the least ametropic eye was 0.34 diopters (D).
When considering the group as a whole, those with less than
approximately 4 D of hyperopia demonstrated similar lags,
while those with higher hyperopia, amblyopia, or strabismus
had more variable lags. An ROC analysis designed to detect
hyperopia �5 D in any meridian, amblyopia and/or strabismus
had an area under the curve of 0.90 (95% confidence interval
[CI], 0.82 to 0.95), and for a lag criterion of 1.3 D had a
sensitivity of 83.3% and a specificity of 96.5%.

CONCLUSIONS. These data from a relatively small but broad
sampling of age and clinical status suggest that clinically nor-
mal young infants and children with low amounts of hyperopia
have similar lags of accommodation from the first few months
after birth. Subjects with greater than 4 D of hyperopia, or
amblyopia or strabismus, have more variable lags and therefore
evidence of abnormal visual experience. (Invest Ophthalmol
Vis Sci. 2012;53:143–149) DOI:10.1167/iovs.11-8174

Postnatal control of eye growth and the development of the
neural visual system are both influenced by visual experi-

ence (e.g., 1–6). Studies of animal models have provided defin-
itive examples of abnormal visual experience leading to abnor-
mal visual development and parallels have been found in
human clinical populations (e.g.,7,8).

Vision screening of young children has been largely aimed
at finding individuals with the apparent consequences of ab-
normal experience, in particular amblyopia and refractive or
accommodative strabismus. Treatment for these conditions
can then be provided. It would be more effective to identify
individuals who are at risk and to prevent these conditions if
possible, especially as current treatment protocols do not
routinely achieve full recovery.9,10 This is a difficult task

however; as the natural history of some forms of amblyopia
is poorly understood and children with matched refractive
errors do not all follow the same clinical path. For example,
one child with 5 D of hyperopia in both eyes may develop
strabismus and amblyopia, while another might develop
bilateral isoametropic amblyopia, and yet another may not
develop amblyopia or strabismus. The management of the
young hyperopic patient is therefore still debated, and cur-
rent clinical guidelines for prescribing for asymptomatic
refractive error are based solely on clinical consensus, rather
than evidence-based prediction.11–13

In relatively severe cases of visual deprivation, such as
ptosis or cataract, the nature of a patient’s abnormal visual
experience can be systematically defined in that spatial infor-
mation is consistently removed from the retinal image. The
nature of any abnormal visual experience in the case of hyper-
opia is more ambiguous. Retinal image quality is largely depen-
dent on how well individuals accommodate to objects they are
fixating, which cannot be judged by the casual observer.14 A
hyperope may or may not be experiencing a focused retinal
image at any moment in time, and it is feasible that unobserved
individual differences in accommodative behavior may be re-
lated to an individual’s clinical outcome.

The average data from samples of typically developing infants
suggest that at younger than 2 to 3 months infants tend to
overaccommodate to distant targets and exhibit a reduced gain of
accommodation centered around a 33 to 50 cm near response.
After that age the gain of the responses increases rapidly to
become accurate over a wider range of distances.15–18 Ingram,
Gill, and Goldacre19 conducted a longitudinal study of 1119
infants, demonstrating that the individuals who did not em-
metropize and went on to develop strabismus also tended to
accommodate poorly as infants. Mutti et al.20 have also recently
shown that poor accommodation to a target at 57 cm during
infancy is associated with poor emmetropization, and the re-
cent data of Horwood and Riddell21 are in agreement with
these previous studies in that they compared relatively accu-
rate accommodation at near in 10- to 26-week-old emmetropiz-
ing infants to relatively inaccurate accommodation at near in
infants who did not go on to emmetropize and in older hyper-
opic children who had previously reported to a clinic with
decreased distance visual acuity.

We have made similar anecdotal observations in our
laboratory (e.g., the data from the typically developing 12-
week-old in Figure 2 of Tondel and Candy,22 who appears to
demonstrate more accurate accommodation for a near target
than at distance), and the goal of the present study was,
therefore, to measure the accommodative lag of young hu-
man hyperopes, across a wider age range, to identify indi-
viduals who demonstrate inaccurate accommodation for
near and who therefore may be at risk for abnormal visual
development. The accommodative accuracy of infants and
young children was measured before they had any form of
intervention or treatment, in an attempt to understand the
difference between ‘normal’ and ‘abnormal’ habitual retinal
visual experience.
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METHODS

Subjects

A total of 111 subjects were recruited consecutively either through
local birth records or during a routine eye examination at the Indiana
University School of Optometry’s Pediatric Clinic. The subjects’ ages
ranged from 3.7 months to 90 months (mean age 37.7 months; 54
male, 57 female). They were all born within 2 weeks of their due date
and had no medical concerns as reported by their parents. At the eye
examination, a history of no prior treatment or spectacle correction
was reported, and the examinations revealed no evidence of abnormal
ocular health beyond strabismus, refractive error, and any associated
amblyopia. Written informed consent was obtained from parents after
the study had been fully explained to them. The study followed the
tenets of the Declaration of Helsinki and had been approved by the
local Indiana University Institutional Review Board. Of the 111 sub-
jects, eight were studied longitudinally, with their first visit at age 6
months, and their second visit at age 2 or 3 years. At the time of their
second visit, these subjects had had no spectacle correction or visual
intervention.

Data Collection

Data collection consisted of a routine eye examination and an assess-
ment of accommodative accuracy. They were both performed at the
same visit and three pediatric residency-trained optometrists collected
all data.

Eye Examination. Each examination included an age-appropri-
ate measure of visual acuity, assessment of ocular alignment, and then
a cycloplegic retinoscopy and ocular health evaluation. The visual
acuity tests were selected from the following tests based on age, and
were tested at the appropriate distance for each method: Teller Cards,
Cardiff Cards, Lea Symbols, HOTV, or Snellen letters. Binocular visual
acuity was obtained before monocular visual acuity testing and an
adhesive patch was used for occlusion. Prism neutralized distance and
near cover test or Hirschberg assessment, if necessary, were used to
assess ocular alignment. Children younger than the age of 6 months
were then given one drop of 0.5% cyclopentolate in each eye, while
older children received one drop of 1.0% cyclopentolate in each eye.
Cycloplegic retinoscopy, using loose lenses or retinoscopy bars, was
used to determine the sphero-cylindrical refractive error for each eye,
and a fundus examination was then performed.

Accommodative Performance. Accommodative accuracy
was assessed using Nott retinoscopy.23–28 It was performed before
instillation of the cycloplegic drops, and therefore without knowledge
of the subject’s refractive error. Any bias in the cycloplegic refraction
data resulting from having performed the Nott retinoscopy measure-
ments was minimal, as the retinoscopist only converted the neutral-
ization distances for the Nott retinoscopy into diopters after the visit.

To perform the Nott technique, the retinoscopist provided the
subject with a target at a defined viewing distance and then changed
the distance of the retinoscope to find the neutral point and therefore
the eye’s focus. The advantages of this technique are that it is remote
and objective, and that it minimizes potential distractions for the
subject (for instance, the Monocular Estimation Method [MEM] in-
volves holding potentially distracting lenses in front of the subject’s
eye26). Mean accommodative errors recorded using Nott retinoscopy
have been found to be approximately 0.5 D for a target at 25 cm for
children aged 3 to 10 years.25,29

Accommodative accuracy was measured in binocular viewing con-
ditions with the subject wearing no optical correction, and therefore
experiencing their habitual retinal image quality. A meter rule was held
with the zero mark in alignment with the subject’s corneal apex. The
target, a high contrast cartoon picture with a broad spatial frequency
amplitude spectrum, was placed at a 50 cm viewing distance where it
subtended an angle of 8° vertically and horizontally. The cartoon target
was chosen to have information at all spatial scales to imitate targets
that children are typically exposed to in their daily visual environment.

The retinoscopist was aligned with the edge of the cartoon while
the retinoscope was held as close to the meter rule as possible,
between zero and 8° from the subject’s axis of fixation on the cartoon
depending on where on the picture they were fixating. The child was
verbally encouraged to continue viewing the cartoon, which was the
only object illuminated in an otherwise dim room. The retinoscopist
assessed the reflex in the principal meridian closest to vertical in the
right eye at the 50 cm target distance. If “with” movement was noted,
indicating a relative lag of accommodation, the retinoscopist moved
further away from the child to reach neutral. If “against” movement
was noted, indicating a lead of accommodation, the retinoscopist
moved closer to the child to reach neutral. The person holding the
ruler then noted the working distance where the neutral reflex was
observed, and the reflex closest to the horizontal meridian in the right
eye was neutralized in the same manner. This procedure was then
repeated for the left eye. At least two estimates were made for each
measurement and they were then averaged.

For some subjects with large lags of accommodation, a neutral
reflex was not observed even when the retinoscopist reached a 1 m
distance. In those cases a positive power trial lens was held in front of
the eye briefly while the retinoscopist explored closer distances to find
neutral. The lenses were held in place as briefly as possible, to mini-
mize any accommodative response to the lens and to minimize poten-
tial distraction to the subject. The calculated accommodative lag was
then adjusted appropriately for the effect of the lens.

RESULTS

Of the 119 subject visits, Nott retinoscopy could not be per-
formed at five visits (one was a repeat visit for longitudinal
data) and cycloplegic retinoscopy could not be performed at
one visit due to poor cooperation from the children. In seven
cases the apparent axis of astigmatism changed by approxi-
mately 90° between the Nott retinoscopy and the cycloplegic
refraction (one was a repeat visit for longitudinal data). These
subjects were also excluded because the accommodative re-
sponse presumably changed during the Nott retinoscopy, or
the retinoscopist was unable to align reliably on the visual axis.

The subjects were then split into three groups: (I) The
subjects with no clinical abnormality beyond bilateral spherical
refractive error (inclusion criteria were a spherical equivalent
anisometropia of �1 D, astigmatism �1 D, no evidence of
strabismus, and normal acuity for age and test used (n � 71).
(II) The subjects who provided usable data at both 6 months
and 2 or 3 years of age (n � 6) (they were also included as 2-
or 3 year-olds in group I if they met the inclusion criteria, and
as 6-month-olds in group III if they met the inclusion criteria).
(III) The subjects with a clinical abnormality as defined by the
exclusion criteria for group I (n � 36). With regard to the acuity
data, the acuity measurements were taken during the eye exam-
ination before the cycloplegic refraction. Thus they were not
best-corrected measures of acuity. Most of the subjects were
hyperopes, however, and so the acuity measurements were
typically within the normal range. Any child was classified as
an amblyope if their precycloplegic acuity testing revealed an
acuity difference equivalent to two or more lines between the
eyes in the presence of an amblyogenic factor: �1.0 D of
anisometropia, or strabismus, or both, and they were then
confirmed to be an amblyope in their follow-up care.

Group I—No Clinical Abnormality

The spherical equivalent cycloplegic refraction of the least
ametropic eye is plotted as a function of age for these cross-
sectional data in Figure 1a (57 right eyes and 14 left eyes—the
right eye was used if there was no anisometropia, n � 43). The
spherical equivalent refraction of the other eye was no more
than 1 D more, as a result of the anisometropia criterion for
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inclusion. In reality, the more ametropic eye was always the
one with the greater hyperopia as none of the subjects had
significant myopia. This figure is consistent with the general
trend of emmetropization noted previously in the litera-
ture,30,31 with some individuals with greater hyperopia who
did not appear to be emmetropizing.

The accommodative error of the most hyperopic meridian
of the least ametropic eye is plotted as a function of age in
Figure 1b. These data demonstrate that by 6 months of age
typical performance has matured to an accuracy of within
approximately 1 D of the target in this population with small
amounts of anisometropia and astigmatism. There are a small
number of outliers with larger errors, in particular a 3-year-old
with approximately 5 D of lag, but no statistically significant
simple effect of age (r � �0.13; P � 0.27). Some of the
subjects demonstrate leads of accommodation, which may
indicate that they are accommodating more accurately with

their other more hyperopic eye, or that their fixation was
attracted to the retinoscopist who had to move closer than the
cartoon to estimate a lead of accommodation.

The same accommodative accuracy data, from the most
hyperopic meridian of the least ametropic eye, are plotted as a
function of the spherical equivalent refractive error of the least
ametropic eye in Figure 1c. There is no clear relationship with
refractive error, although, of note, the 3-year-old with the large
lag is the most hyperopic subject.

Group II—Longitudinal Data

Six of the 2- and 3-year-olds in group I had also been examined at
6 months of age (the 6-month-old data were not used in the
analyses above to keep a fully between subject analysis). Figure 2a
shows the change in refractive error of the principal meridia of
the least hyperopic eye as a function of age, and Figure 2b
shows the accommodative accuracy of those meridia as a
function of age. Although this small group of subjects demon-
strates a range of hyperopic refractive error of approximately 4
D at their first visit, the range of accommodative error was only
approximately 0 to 1 D of lag at the same visit. The refraction
data exhibit the typical characteristics of emmetropization,
with a reduction in both the amount and variability of hyper-
opia, while the mean accommodative performance demon-
strates a small shift toward a lead (mean first visit � 0.57 D,
SD � 0.53 D; mean second visit � 0.13 D, SD � 0.48 D; paired
t-test: t � 2.10, df � 11; P � 0.06).

FIGURE 1. Data from group I, who had no clinical abnormality as
defined by the inclusion criteria described in the text. (a) Spherical
equivalent cycloplegic refractive error of the least ametropic eye is
plotted as a function of age. (b) The accommodative error of the most
hyperopic meridian of the least ametropic eye is plotted as a function
of age. (c) Accommodative error of most hyperopic meridian is plotted
as a function of spherical equivalent refractive error of the least ame-
tropic eye.

FIGURE 2. Data from group II, who were tested at both 6 months and
2 or 3 years of age. Each symbol represents a different subject and is
labeled with their initials. The filled symbols represent subjects with
astigmatism (two principal meridia). (a) The refractive error of the
principal meridia of their least hyperopic eye is plotted as a function of
age. (b) The accommodative error of those meridia is plotted as a
function of age.
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Group III—Subjects with Clinical Abnormalities

The data from the subjects who did not meet the inclusion
criteria for group I are shown in Figures 3 and 4. The group is
split into subjects with and without amblyopia (with amblyo-
pia defined as an uncorrected acuity difference equivalent to
two or more lines between the eyes in the presence of an
amblyogenic factor: �1.0 D of anisometropia, or strabismus, or
both). This classification was confirmed for each child in fol-
low-up care. The group without amblyopia consists of subjects
who did not meet the amblyopia acuity criterion, but who had
astigmatism �1 D, anisometropia �1 D, or strabismus. The
amblyopic group includes patients with refractive, strabismic,
or mixed amblyopia. The data collected from all four principal
meridia (both principal meridia of both eyes) of each subject
are shown, with each subject’s data aligned vertically in the
upper and lower panels. Figures 3a and 4a show the cyclople-
gic refraction for each meridian for each subject, and Figures
3b and 4b show the corresponding accommodative error or
defocus for each meridian. While the subjects with relatively
small refractive errors are able to maintain consistently small
accommodative errors, the subjects with the larger amounts of
hyperopia exhibit larger accommodative errors when viewing
the cartoon, in some cases more than 5 D of error. The
amblyopes with the larger amounts of anisometropia in Figure
4 (those with refractive amblyopia) also have large defocus
errors in their more hyperopic eyes, as a result of the relatively
accurate performance of their dominant eyes.

Combined Analysis

Figure 5 presents two analyses of the accommodative accuracy
of the whole group of subjects. In Figure 5a, the accommoda-
tive error of the meridian focused closest to the target in
binocular viewing conditions is plotted as a function of the
cycloplegic refractive error in that meridian. The data are split

into two groups, amblyopic and nonamblyopic subjects, to
reveal any effect of amblyopic spatial vision on performance
when viewing with both eyes. The data from the amblyopic
group are taken from the dominant eye (the best-focused
meridian in the dominant, nonamblyopic, eye). The data from
the nonamblyopic subjects are from the subject’s best-focused
meridian. This graph demonstrates the most accurate response
that subjects achieved across all meridia. It reveals that most
subjects with a refractive error of 4 D of hyperopia or less in
the most accurately focused meridian exhibit an accommoda-
tive error of �2 D as measured with this Nott retinoscopy
technique. At higher refractive errors, some subjects start to
exhibit much greater lags even for this short duration task. A
bilinear fit to the nonamblyopic data, that forced the slope of
one line fit to the smaller refractive error data to be zero while
allowing the slope of the second line fit to the higher refractive
error data and the intersection of the two lines to vary, resulted
in an adjusted R2 of 0.74, a y-axis intercept of 0.16 D (95%
confidence interval [CI], �0.12 to 0.32 D), a slope of the
higher refractive error line of 1.84 (95% CI, 1.48 to 2.22), and
an intersection of the lines at 3.77 D (95% CI, 3.27 to 4.26).
This fit, shown in Figure 5a, suggests that accommodative error
starts to become abnormal in at least some subjects at a cyclo-
plegic refractive error of approximately 4 D. While the subject
with the highest refractive error largely drives the slope of the
second line, the intersection of the lines at around 4 D does
divide the data into consistently accurate accommodation at
lower refractive errors and more variable accommodative per-

FIGURE 3. Data from the nonamblyopic subjects in group III, who all
had astigmatism, anisometropia, or strabismus. The subjects are or-
dered based on increasing refractive error, with the subject group
labeled on the abscissa of (a) and age labeled on the abscissa of (b). (a)
Cycloplegic refractive error for all meridia plotted for each subject. (b)
Accommodative error for all meridia plotted for the vertically corre-
sponding subject in each group.

FIGURE 4. Data from the amblyopic subjects in group III. The subjects
are ordered based on increasing refractive error, with the subject
group labeled on the abscissa of (a) and age labeled on the abscissa of
(b). (a) Cycloplegic refractive error for all meridia plotted for each
subject. (b) Accommodative error for all meridia plotted for the verti-
cally corresponding subject in each group. The fact that the data were
collected in binocular viewing means that the more hyperopic eyes of
the anisometropics are more defocused merely as a result of the
accurate accommodation in the dominant eye.
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formance at higher refractive errors. Further analyses of the
different types of refractive error is limited as the opportunistic
recruitment did not provide any astigmatic subjects with re-
fractive errors above this value, and therefore the interaction
between amount of hyperopia and astigmatism could not be
assessed for example.

This study was cross-sectional in design and therefore it was
not possible to predict who would develop strabismus or
amblyopia from these data. The subjects were not recruited as
infants and then examined periodically until they either devel-
oped apparently activity-dependent abnormalities or not.19 In
fact, a number of the subjects exhibiting the large lags turned
out to be strabismic or amblyopic at the time of testing, and
therefore their large lag could be related to either the cause or
effect of the condition. In this broader context, in Figure 5b,
the subject’s least accurate meridian in the accommodative
task is plotted as a function of the cycloplegic refractive error
of their most ametropic meridian from either eye. The data are
split into three groups: nonstrabismic amblyopes, strabismics,
and more typically developing children with no amblyopia or
strabismus. The goal of Figure 5 was to examine the potential
for accommodative performance, measured using the current
technique, to be used as a screening tool or an indicator of
clinical abnormality. An ROC analysis was conducted on these
data by classifying individuals with strabismus, amblyopia, or a
most ametropic meridian of above 5 D of hyperopia (given that
accommodative performance appeared to be affected above
the intersection point of approximately 4 D in Fig. 5a) as the

target of a vision screening. With these criteria, the area under
the ROC curve was 0.90 (95% CI, 0.82 to 0.95) and using a cut
point of 1.3 D of lag for example resulted in a sensitivity of
83.3% with a specificity of 96.5% (correct classification rate of
94.9%).

DISCUSSION

The data collected across a range of ages and clinical status in
this study are consistent with the results of the previous studies
of young infants19–21 in that individuals with higher hyperopia
or abnormal visual development demonstrate greater accom-
modative lags. For example, Ingram et al.19 provide apparent
accommodative deficit data for infants with cycloplegic refrac-
tions of 5 D of hyperopia in their Figure 1. The data are
provided as a function of age and were collected before a
number of these individuals developed squint or microtropia.
The individuals who went on to develop strabismus tended to
exhibit larger accommodative deficits consistently across age.
Although these data were collected using a different nonstan-
dard retinoscopy technique, the absolute values of the errors
are also comparable to the data collected in the present study.

It is feasible that individuals with untreated amblyopia or
uncorrected astigmatism will demonstrate a larger lag as a
result of their increased depth of field, but as shown in Figures
3 and 4, these lags also increase with increasing hyperopic
refractive error.

These qualitative effects did not appear to vary as a function
of age and even the youngest typically developing infants, at
around 6 months of age (Fig. 1b, Fig. 2), were routinely able to
accommodate to within a diopter of the target, as would be
predicted from the previous literature.15–18 The data collected
here, together with the results of previous studies of typically
developing children older than 3 years,25,29,32 suggest that
young children with low amounts of hyperopia typically ex-
hibit accommodative errors measured with dynamic retinos-
copy of less than 1 D across typical near working distances (for
example, Rouse et al.32 suggest that a lag greater than 0.75 D
should be considered abnormal for MEM retinoscopy with
printed words on a card). We would therefore define this level
of performance, of the typically developing low hyperopes, as
a clinically normal visual experience in a developmental sense,
and Figure 5 demonstrates that subjects of all ages with low
hyperopia were able to achieve this performance.

Impact of Visual Experience

Retinal image quality has been shown to have a role in both the
control of eye growth and synaptic refinement in visual cortex.
How might the range of accommodative performance seen
here affect an individual’s visual development? Studies of ani-
mal models have not addressed this question directly because
they have typically employed anisometropic defocus, which
cannot be compensated for with accommodation.2,33–36 The
three prospective trials of preventative optical correction for
moderate to high hyperopia that have been conducted to
date,37–39 did not track the retinal image quality of the subjects
in relation to the clinical outcome. They all suggested that the
prevalence of moderate to severe amblyopia is likely to be
reduced with preventative spectacle correction, but the rea-
sons for both this and the incidence of strabismus and ambly-
opia even in their optically corrected hyperopes are yet to be
determined. The data collected here do suggest however that
there is a wide range of accommodative performance in at risk
patients during early childhood.

Clinical Implications

These data have implications for abnormal visual development
in two clinical contexts. First, if the infants who exhibit the

FIGURE 5. Two analyses of accommodative error of the whole group.
(a) Accommodative error for the meridian focused closest to the target
in binocular viewing conditions plotted as a function of refractive error
in that meridian. The full group of subjects is split into two groups,
amblyopes and nonamblyopic subjects. The lines fit to the data are
described in the text. (b) Least accurate accommodative error of any
meridian plotted as a function of cycloplegic refractive error in the
most ametropic meridian from either eye of nonstrabismic amblyopes,
strabismics, and the other more typically-developing children with no
amblyopia or strabismus.
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larger accommodative lags are the ones who are least likely to
emmetropize, these data suggest that the risk of failure to
emmetropize increases most dramatically above 4 D of hyper-
opia in nonamblyopic and nonstrabismic individuals. This is
consistent with the data of Mutti et al.20 from infants showing
that lag for a target at 57 cm started to increase, and em-
metropization became less likely, for cycloplegic refractive
errors above 3 to 4 D of hyperopia at younger than 1 year of
age. Second, with regard to vision screening designed to iden-
tify individuals who need treatment or monitoring, the analysis
based on Figure 5b suggests accommodative lag at this target
distance can be used to detect higher hyperopia, amblyopia,
and strabismus, with sensitivity, specificity, and targeted con-
ditions all comparable with those of the Vision in Preschoolers
Study40 ‘very important’ to detect conditions for this relatively
small sample. The protocol used here only required the partic-
ipant to accommodate and attend to the target for a relatively
short period, and so other subjects could have exhibited in-
creased lags if given a more sustained task. The question of
sustained performance is still poorly understood.

A number of approaches could be used to measure defocus
for near targets in the clinic: retinoscopy, autorefractors, or
photorefractors for example. While the Nott dynamic retinos-
copy technique revealed significant lags here, it is clear from
the differences in astigmatism and anisometropia in sequential
measures plotted in Figures 3 and 4 that an alternative tech-
nique that records focus in all principal meridia simultaneously
is likely to give more repeatable data if it is available in a clinical
setting.

Underlying Reason for Increased
Accommodative Lags

Patients with amblyopia may exhibit an increased accommo-
dative lag as a result of an increased depth of field resulting
from their limited spatial vision,41 but why might infants and
children with higher hyperopia and/or small to moderate
amounts of astigmatism have increased lags, that apparently fall
beyond their depth of focus? Either they are incapable of
accommodating accurately, or they adopt a strategy of not
doing so. Ingram et al.19 speculated that the infants who
neither accommodate nor emmetropize have a defect in blur
sensitivity and that they are at risk for strabismus and amblyo-
pia. They suggest, therefore, that these individuals are not
capable of accommodating accurately. Alternatively, Al-Bag-
dady et al.42 and Nandakumar and Leat43 have observed some
patients with Down syndrome who have apparently learned to
produce more accurate accommodative responses after exhib-
iting significant lags, and Hunter44 notes anecdotally that some
patients may exhibit bursts of accommodation that are not
sustained. Presumably poorly sustained accommodation may
be more apparent with the use of a target with a naturalistic
spatial frequency amplitude spectrum, or use of a retinoscope
light source as in Ingram et al.,19 than with a detailed target
that motivates maximal accommodative effort. This distinction
is relevant to the selection of a clinical approach.

Conclusion

These data collected from a relatively broad sampling of age
and clinical status suggest that clinically normal young infants
and children with low amounts of hyperopia maintain an
accommodative response within approximately 1 D of a 50 cm
target in their least ametropic eye, from the first few months
after birth. Subjects who do not appear to be emmetropizing,
with �4–5 D of hyperopia, have more variable lags and there-
fore evidence of abnormal visual experience for some individ-
uals. These preliminary data from a relatively small group of
subjects suggest that these highly detectable lags may be used

as evidence of abnormal retinal visual experience for consid-
eration in prescribing optical correction and also as an ap-
proach to screening for abnormal development. This assess-
ment of accommodative error and criterion could be applied
broadly irrespective of age.
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