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Lack of positive results of a physiologically based
treatment of amblyopia
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SUMMARY Recent reports have described marked improvement of visual acuity in amblyopic eyes
of young children following monocular exposure to square-wave gratings presented at a variety of
spatial frequencies and orientations for as little as 7 minutes. We sought to confirm and expand
on these investigations, with emphasis on single-session results. Sixteen juvenile and 11 adult
amblyopes and 26 control subjects were used. Visual acuity was determined before and after a 7-
minute stimulation period using an E-chart that controlled for contour interaction. The 50%
visual acuity threshold corrected for guessing was computer calculated by probit analysis. Results
show that frequency, range, and magnitude of changes (either increases or decreases) in visual
acuity following stimulation were approximately the same ( < 10% Snell-Sterling) in both amblyo-
pic and control groups. These findings suggest that brief exposure to the grating patterns had little
if any beneficial effect on visual acuity in amblyopic eyes.

The normal visual environment consists of objects
of various orientations, contrast levels, and spatial
frequencies. The cytoarchitecture and neuronal
circuitry of the visual cortex, at least in cats and
monkeys, are designed to analyse such sensory
information,1-5 and similar mechanisms are believed
to underlie human form vision.6-9
Amblyopia, affecting approximately 2% of the

general school age population,10 is a condition in
which visual acuity is reduced in the absence of
ocular or neurological disease, structural abnormali-
ties of the eye or visual pathways, and uncorrected
refractive error. If, as is commonly believed, amblyo-
pia is a disorder primarily affecting the visual
cortex, then perhaps pools of cortical neurons
could be activated (or 'reactivated' or 'exercised') by
receiving optimal visual stimulation, and this in
turn might result in improved vision function in the
amblyopic eye. Treatment for amblyopia using such
a rationale, that is, gratings of a wide variety of
spatial frequencies and orientations, has recently
been proposed," and preliminary positive results
with only very brief periods of monocular treatment
have been reported in young amblyopes. 1-15
We sought to confirm and expand upon these
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initial grating treatment results using a carefully
controlled method of obtaining visual acuity, as
most of those authors' patients showed marked
improvement of visual acuity in the amblyopic eye
after only one 7-minute session. Furthermore, we
performed several critical control experiments to
help in interpretation of our results in juvenile and
adult functional amblyopes.

Materials and methods

A device similar to the CAM vision stimulator"-'5
was used to stimulate the patient's amblyopic (or
nondominant) eye. Square-wave gratings (on Koda-
lith paper) having a spatial frequency of either 0 5,
1-0, 2-0, 4-0, 8-0, 16-0, or 32-0, (and frequently 64-0)
cycles per degree (equivalent to visual acuity levels
of approximately 20/1200 to 20/10) were viewed for
1 minute each (some patients reported seeing a
uniform, grey field when the higher spatial frequency
gratings were used). Grating contrast was high
(about 90%) in order to minimise effects of reduced
contrast sensitivityl6-'9 and abnormally rapid visual
adaptation20-23 believed to be present in some
amblyopic eyes. The circular field subtended 8
degrees at the eye and slowly turned at a rate of 1
revolution per minute; this, all orientations, and a
wide range of grating spatial frequencies were
available to stimulate the amblyopic eye. Further,
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a field of this size allows for stimulation of the
central retina (including the fovea and eccentric
fixation locus) in the presence of increased amblyopic
drift,24 strabismus-induced saccadic intrusions,23
and small (<2 degrees) magnitudes of eccentric
fixation.
The gratings were placed perpendicular to the

estimated visual axis of the patient's viewing eye,
and fixation distance of 57 cm was maintained
throughout the 7-minute session. The patient was
instructed to fixate accurately the centre of the
grating and to try to keep the stripes as clear as
possible. The experimenters constantly monitored
the patient's eye position by gross visual observation
and continually asked the patient questions about
the grating, such as orientation and changes in
clarity and contrast, in order to maintain a high
level of attention to the task and as accurate as
possible focus on the stripes. This was especially
critical in young children, where games were also
invented as needed to keep the patient's attention
on the grating. A Plexiglass cover over the stimulat-
ing field, as used by others,11-"5 on which their
young amblyopes drew pictures and played games
during stimulation periods, was purposely not
incorporated into our apparatus, as it was our
belief that the patient's hand, arm, and crayon
would frequently obscure part of the small stimu-
lating field. Moreover, it is difficult to keep a small
child at a relatively long, fixed distance (in order to
know precisely the effective spatial frequency of
the stimulating field) while drawing, as children
typically move close (with distance depending upon
such factors as arm length, visual acuity, and
attention) to the material of interest. Each patient
received the grating stimulation individually.

Visual acuity, with refractive error corrected and
the nontested eye fully patched, was first measured
in the dominant eye of most patients and then in
the amblyopic eye before and after a single 7-
minute session. Visual acuity was assessed by
having the patient either specify verbally or indicate
with a large hand-held E the orientation of the 8
Es on each test card (75 ft-candles (800 lux) illumi-
nation) located 10 ft (3 m) away26 (Fig. 1). With this
test target configuration, contour interaction effects
were maintained constant,26-28 thus reducing varia-
bility of visual acuity measures in amblyopic eyes,
as may be particularly prominent when conven-
tional Snellen whole-chart or whole-line acuity is
measured.29 Test letter sizes ranged from 20/277 to
20/9, but not all test letter sizes were required to
obtain an acuity measure; test time per trial was
10-20 minutes. Per centage correct at each letter
size, from the largest letter size to the smallest, was
plotted to obtain an initial estimate of results (Fig.

Fig. 1 E chart usedfor measuring visual acuity with
controlfor contour interaction.

2). Then visual acuity, both Snellen and Snell-
Sterling,30 was determined by probit analysis3l via a
minicomputer.

Juvenile and adult amblyopes, as well as several
controls, were used in our study (see Table 1). The
first control group consisted of normal adults
receiving no stimulation between 2 consecutive
determinations of visual acuity separated by 7
minutes. Results here provided information on
normal variability of acuity measures in adults by
our method without influence of grating stimulation
and concentrated fixation. The second control group
consisted of normal adults receiving grating stimu-
lation between 2 consecutive determinations of
visual acuity separated by 7 minutes. Results here
provided information on influence of grating
stimulation, if any, in eyes of normal adults. A
third control group consisted of normal children
receiving no grating stimulation between 2 consecu-
tive determinations of visual acuity separated by 7
minutes. Results here provided information on
normal variability of acuity measures in children by
our method without influence of grating stimulation
and concentrated fixation. The fourth control group
consisted of normal children receiving grating
stimulation between 2 consecutive determinations
of visual acuity separated by 7 minutes. Results
here provided information on influence of grating
stimulation, if any, in eyes of normal children. A
fifth control group consisted of nonamblyopic
children with a diagnosis of learning disability and
associated hyperactivity receiving grating stimula-
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Table 1 Clinical and experimental data on patients

Patient Age Strabismus VAB VAA A VA (% S-S) Patient Age Strabismus VAB VAA AVA(%S-S)

Amblyopic children: grating stimulation

2

3

4

6

7

8

9

10
11

12a

6 ET

6 ET

8 NO

9 ET

13 ET

7 ET

8 ET

8 ET

7 ET

10 ET

7 ET

9 ET

13a 15 NO

14b

15b

16b

12 NO

10 ET

13 ET

20/181-4
20/162 9

20/132-8

20/99 5

20/76 4

20/53 2

20/50 6

20/45 7

20/38 3

20/28-4

20/23 2

20/65 7

20/63 9

20/61*1

20/48 3

20/40 7

20/28 5

20/12-4

20/26 8

20/23 9

20/22 8

20/163 2

20/162 6

20/136 3

20/97 2

20/72 3

20/55 7

20/48.8

20/38 2

20/50 6

20/24 8

20/24 2

20/67 0

20/65-0

20/66 5

20/45 9

20/35 0

20/26 0

20/14-8

20/24 6

20/18-7

20/21 2

33

34

35

36

37

38d

-4-2

-0.1

+1*1

-1 0
-2-3

+1 7

-1*3

-5.5

+8-9
-3 1

+09
+0-8

+07

+3-3

-1*7
-4.4

-2 1

+2-3

-1 8

-4-6

-1 5

22 XT

24 ET

28 NO

23 ET

21 NO

34 NO

39d 27 NO

40e 39 ET

41r 34 ET

Amblyopic children: grey field stimulation

17 9 ET 20/30 2 20/28 7

18 8 XT 20/113-2 20/122-9

Normnal children: grating stimnulation

19 11 NO 20/14-9 20/18-7

20 12 NO 20/16-5 20/14-6

21 9 NO 20/24 5 20/23 2

22c 10 NO 20/37 8 20/32 5

23c 8 NO 20/117-3 20/139-7

Normal children: no stimulation

24 5 NO 20/15 9 20/18-2

25 6 NO 20/23 4 20/20 8

Children with learning disability: grating stimulation

26 9 NO 20/15*2 20/15*3
27 9 NO 20/16-0 20/10 7

28 13 NO 20/17 6 20/17-5

29 8 NO 20/18 5 20/19-5

30 8 NO 20/18 7 20/13-3

Amblyopic adults: grating stimulation
31 46 NO 20/170-2 20/163-2
32 25 ET 20/110-4 20/138-2

-1*3

+3-6

i3-5
-1 2

-11

-4-1

+7-6

+ 21

-2-3

+0-2
-5-1

-0-1

+ 09

-5S0

-1i8

+9-8

Amblyopic adults: no stimulat,
42h 27 NO

43h 22 XT

'ion

20/169-2 20/160-3

20/181-7 20/167-8

20/74 8 20/71-6

20/68 1 20/66 0

Nornmal adults: grating stimulation
44 25 NO 20/14-6
45 31 NO 20/6 4

Normal adults: no stimulation
46 23 NO

47 26 NO

-2-2

-3 1

-2-0

-1*2

20/12-2 -2-3

20/12-8 +6-3

20/21-5 20/11*1 -9 7

20/6-1 20/10 2 +4 0

Organic amblyopic adults: grating stimulation
48 19 NO 20/113-7 20/114-8
(nystagmus)
49 45 NO 20/98-7 20/104-0
(histoplasmosis)
50 60 NO 20/77 5 20/63*4
(optic atrophy)
51 69 NO 20/35 3 20/31 7
(diabetes)
52 67 NO 20/30 5 20/34 2
(cataract)
531 16 XT 20/70 0 20/67-5
(ptosis)

+04

+2-6

-8-0

-2-9

+ 3 0

-14

20/95 6

20/95 8

20/51*2
20/45 1

20/43 2

20/26 7

20/26 5

20/175-6

20/162-5
20/180-6

20/158-5

20/30 4

20/31 0

20/34 3

20/23 6

20/24 6

20/27 3

20/61*3
20/50 2

20/46 5

20/42 8

20/76 0

20/110 1

20/54 9

20/43 3

20/34 4

20/31 0

20/28 3

20/168-5

20/159 0

20/171-8

20/163-6

20/30 6

20/28-1

20/29 6

20/22 9

20/27 6

20/27-9

20/46 3

20/49 7

20/39 0

20/39 2

20/33.39

-9.5
+ 6-1

+2-5
-12

-7.5

+5-5

+1-6

-1*6

-0.9

-1*9

+1 3

+0-1
-2 4

-3-8

-0-6

+2-5

+0 5

-9.9
-04

-5 6

-27

a = Tested during orthoptics therapy; sessions separated by 2 weeks. b = Former amblyopes that had previously received orthoptics therapy;
nearly normal visual acuity present. c = Uncorrected refractive error. d = Tested on consecutive weekly sessions. e = Tested on 6 consecutive
daily sessions. f = Tested on 5 consecutive weekly sessions. g = Visual acuity following a weekend of stimulation 5 times per day. h = Tested
on 2 consecutive sessions within a 1 hour period. i = Probable stimulus deprivation component to amblyopia resulting from severe congenital
ptosis operated on at ages 5 and 12.
ET = Esotropia. XT = Exotropia. NO = None.
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Fig. 2 Plot of letter size
versus number of correct
responses. Symbols: * =
Amblyopic eye before grating
stimulation, A = Amblyopic
eye after grating stimulation.
l= Nonstimulated dominant

eye. Computer-calculated 50%
visual acuity threshold, corrected
for guessing, in the amblyopic
eye is 20/65 7 before stimulation
and 20/67 0 after stimulation;
it is 20/318 in the dominant eye.
Note sharp fall-off of responses
in dominant eye in contrast to
gradual fall-off in nondominant
(more amblyopic) eye as letter
size decreases.
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tion between 2 consecutive determinations of visual
acuity separated by 7 minutes. Results here provided
information on variability of acuity measures in
children, in whom variability of measures in this
selected group might be expected to be unusually
high, by our method. The sixth control group
consisted of amblyopic children receiving grey-field
stimulation in place of the gratings between 2
consecutive determinations of visual acuity separa-
ted by 7 minutes. Results here separated effects of
concentrated fixation from effects of grating stimu-
lation. A seventh control group consisted of ambly-
opic adults receiving no stimulation between 2
consecutive determinations of visual acuity separated
by 7 minutes. Results here provided information
on normal variability of acuity measures in ambly-
opic adults without influence of grating stimulation
and concentrated fixation. The last control group
consisted of adults with reduced visual acuity
resulting from ocular disease, who received grating
stimulation between 2 consecutive determinations
of visual acuity separated by 7 minutes. Results
here provided information that would allow com-
parison between effects of grating stimulation and
concentrated fixation on variability of acuity
measures in functional and organic amblyopes.

Patients were recruited from the refraction and
orthoptics clinics. All received a thorough examina-
tion of vision, including determination of refractive
error (noncycloplegic), binocular status, and ocular
health. No patients in the experimental groups had
ocular or neurological disease or nystagmus. There
were approximately an equal number of amblyopes
whose condition could be attributed primarily to
either strabismus or anisometropia. Most patients
had esotropia. No patients had eccentric fixation
greater than 3 prism dioptres as determined by
visuoscopy. Most (about 70%) patients had astig-

I I I I
15 20 26 32 38 45 52 60 68 77 87 97 109 122 137

LETTER SIZE

matism, of 0 75 dioptre or greater, generally of
either the mixed or compound myopic variety.

Results

Results are presented in Table 1. In general the
use of the gratings had little if any effect on improv-
ing distance visual acuity in amblyopic eyes. Chan-
ges of visual acuity (either increases or decreases)
with respect to magnitude, direction, and frequency
were approximately the same in the amblyopic and
control groups (< ±10% Snell-Sterling). In fact
it is doubtful whether most of the computed visual
acuity changes following brief grating stimulation
could have been detected by conventional clinical
procedures, that is, without use of a computer and
with the use of whole-chart or whole-line Snellen
measures, as they were generally so slight.

Discussion

We were unable to confirm the positive findings of
Campbell and colleagues.'1 '5 We believe that at
least 3 factors are responsible for differences in
results. The first and perhaps most important factor
is method of measuring visual acuity. Campbell
and colleagues employed Snellen, linear Sheridan
Gardiner, and single Sheridan optotypes, and thus
were not consistent in the use of a single procedure
to obtain visual acuity in all patients. Further, with
their method they did not control for contour
interaction effects,26-28 a critical factor for accurate
and repeatable determination of visual acuity in
amblyopic eyes. We were consistent in our method25
of determining visual acuity, which controlled for
contour interaction by maintaining interletter
separation with a fixed proportion of letter size.
The second factor is the use of controls. Although
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Campbell and colleagues suggested that control
studies should be conducted before widespread use
of this technique is adopted," and further stated
that grey-field stimulation produced only slight
improvement of visual acuity in some amblyopic
patients,'4 they did not provide quantitative findings
for their controls. We provided quantitative findings
in our controls and found that changes of visual
acuity in controls were similar to those for our
'treated' amblyopic group, suggesting lack of a
positive effect of the gratings on improving visual
acuity in the amblyopic eyes of our patients. Chan-
ges of visual acuity noted in our control groups
(<±I10% Snell-Sterling) could be attributed to
normal variability of visual acuity. Further, small
improvements of acuity could be attributed in part
to practice effects, well known to vision care practi-
tioners and reported in the literature.32-35 We
believe that similar arguments apply to our experi-
mental group. If we had obtained positive results
in our amblyopes, an increased number of experi-
mental and control subjects and additional control
groups would have been essential on our part to
factor out effects of short-term fixation training,
short-term occlusion effects, practice effects, and/or
normal variability of visual acuity from effects
directly related to grating stimulation alone. While
our sample size was not large, we believe that
careful measures on a group of this size are pre-
ferable to testing a large group in the absence of
appropriate controls and measurement techniques.
Further, the consistent results we obtained do not
demand that sample size be increased to provide a
convincing argument.
The third factor is a history of previous occlusion

therapy. In Campbell and colleagues' group 75% of
the subjects had past history of partially successful
occlusion therapy, while in our group only 33%
did. One could speculate that patients having had
some previous success with occlusion therapy might
respond more favourably and rapidly to short-term
occlusion during which motor activity is encouraged
than those never having had such occlusion experi-
ence. Further, that favourable results in young
amblyopes may follow brief periods of daily occlu-
sion has been reported.36 However, none of our
amblyopes with history of occlusion therapy had
significant gains in acuity after stimulation, though
gains were the rule.

Other aspects related to the experimental methods
deserve comment. We had patients view gratings
without the addition of eye-hand sensory-motor
feedback, as this was the procedure originally
described." This 'passive' procedure allows one to
test those authors' original hypothesis on 'exercising'
or 'activating' cortical neurons by viewing gratings

at a variety of spatial frequencies and all orientations
in the purest form, that is, free from other factors
such as eye-hand interactions, presence of hand and
crayon in the visual field blocking the grating
stimulus, presence of printed letters and game form
in the field providing additional stimulus patterns,
and the tendency of young children to move close
to the grating during active visual tasks and thus
change fixation distance and effective stimulus
spatial frequency, since the 'game' surface was on
top of the grating stimulus. All these became addi-
tional factors that one must consider potentially
important during the stimulating period and which
make results difficult to interpret when adequate
controls are not provided. Further, we had indivi-
duals view the gratings at a carefully monitored
and fixed distance perpendicular to the stimulating
surface; in contrast, they had 2 patients playing
games while viewing the grating, at least some of
the time, at an oblique angle, thereby changing its
effective size, shape, and spatial frequency.
Our negative results do not stand alone. Recent

papers have reported similar results.'738 With few
exceptions an informal survey conducted by the
first author of several clinical researchers testing
the grating treatment also provided negative results.
Lastly, lack of sustained effect of the treatment on
visual acuity with concurrent lack of effect on the
visually evoked response in 1 young amblyope has
recently been reported.39

In conclusion, under our test conditions the
grating treatment appeared to have little effect on
distance visual acuity in the amblyopic eyes of our
juvenile as well as adult patients. We believe that
conventional orthoptics procedures for the treat-
ment of amblyopia, such as partial or total occlu-
sion, training in monocular and binocular skills,
and eye-hand co-ordination activities guided by the
amblyopic eye, should not be discarded or minimised
in the treatment of amblyopia until new techniques
tested in amblyopes with proper controls and result-
ing in high success rates, independently confirmed
by other laboratories, are available.

We are grateful to the clinical faculty at SUNY/State College
of Optometry in New York City, especially Mr J. Cooper
and the vision training residents, and the School of Opto-
metry, University of Alabama in Birmingham, especially Dr
J. Pierce and Mr D. Sawyer; to Dr D. Kirschen, Southern
California College of Optometry in Fullerton, for generous
use of computer facilities; to Dr J. Carter and Mr N. Flax
for helpful discussions on the experimental plan.

References

I Enroth-Cugell C, Robson JG. The contrast sensitivity of
retinal ganglion cells of the cat. J Physiol 1966; 187: 517-
52.

2 Maffei L, Fiorentini A. The visual cortex as a spatial

611

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.64.8.607 on 1 A

ugust 1980. D
ow

nloaded from
 

http://bjo.bmj.com/


Kenneth J. Ciuffreda, Kim Goldner, and Robert Connelly

frequency analyser. Vision Res 1973; 13: 1255-67.
3 Blakemore C. Developmental factors in the formation of

feature extracting neurons. In: The Neurosciences:
Third Study Program. Cambridge, Mass: M.I.T. Press,
1973.

4 Hubel DH, Wiesel TN. Sequence regularity and geometry
of orientation columns in the monkey striate cortex.
J Comp Neurol 1974; 158: 267-94.

5 Hubel DH, Wiesel TN, Stryker MP. Anatomical demon-
stration of orientation columns in macaque monkey.
J Comp Neurol 1978; 177: 361-80.

6 Campbell FW, Kulikowski JJ. Orientation selectivity of
the human visual system. J Physiol 1966; 187: 437-45.

7 Blakemore C, Campbell FW. On the existence of neurones
in the human visual system selectively sensitive to the
orientation and size of retinal images. J Physiol 1969;
203: 237-60.

8 Campbell FW, Maffei L. Electrophysiological evidence
for the presence of orientation and size detectors in the
human visual system. J Physiol 1970; 207: 635-52.

9 Hitchcock PF, Hickey TL. Ocular dominance columns:
evidence for their presence in humans. Brain Res 1980;
182: 176-9.

10 Flom MC, Neumaier RW. Prevalence of amblyopia.
Public Health Rep 1966; 81: 32941.

11 Campbell FW, Hess RF, Watson PG, Banks R. Prelimi-
nary results of a physiologically based treatment of
amblyopia. Br J Ophthalmol 1978; 62: 748-55.

12 Banks RV, Campbell FW, Hood C. A neurophysiological
approach to the treatment of amblyopia. J Physiol 1978;
275: 16-17 P.

13 Banks RV, Campbell FW, Hess R, Watson PG. A new
treatment for amblyopia. Br Orthopt J 1978; 35: 1-12.

14 Watson PG, Banks RV, Campbell FW, Hess RF. Clinical
assessment of a new treatment for amblyopia. Trans
Ophthalmol Soc UK 1978; 98: 201-8.

15 Watson PG, Banks RV, Campbell FW, Hess RF. A
clinical assessment of a new treatment for amblyopia.
In: Reinecke RD, ed. Strabismus. New York: Grune and
Stratton, 1978.

16 Levi DM, Harwerth RS. Spatio-temporal interactions in
anisometropic and strabismic amblyopia. Invest Ophthal-
mol Visual Sci 1977; 16: 90-5.

17 Hess RF, Howell ER. The threshold contrast sensitivity
function in strabismic amblyopia: evidence for a two-
type classification. Vision Res 1977; 17: 1049-55.

18 Thomas J. Normal and amblyopic contrast sensitivity
functions in central and peripheral retinas. Invest Ophthal-
mol Visual Sci 1978; 17: 746-53.

19 Hess RF, Campbell FW, Greenhalgh T. On the nature
of the neural abnormality in human amblyopia: neural

aberrations and neural sensitivity loss. Pfluegers Arch
1978; 377: 201-7.

20 Lawwill T. Local adaptation in functional amblyopia.
Am J Ophthalmol 1968; 65: 903-6.

21 Ciuffreda KJ. Eye movements in amblyopia and strabis-
mus. PhD dissertation. School of Optometry, University
of California, Berkeley, 1977.

22 Hess RF. Eye movements and grating acuity in strabismic
amblyopia. Ophthalmic Res 1977; 9: 225-37.

23 Ciuffreda KJ, Kenyon RV, Stark L. Saccadic intrusions
in strabismus. Arch Ophthalmol 1979; 97: 1673-9.

24 Ciuffreda KJ, Kenyon RV, Stark L. Increased drift in
amblyopic eyes. Br J Ophthalmol 1980; 64: 7-14.

25 Davidson DW, Eskridge JB. Reliability of visual acuity
measures of amblyopic eyes. Am J Optom Physiol Opt
1977; 54: 756-66.

26 Flom MC, Weymouth FW, Kahneman D. Visual
resolution and contour interaction. J Opt Soc Am 1963;
53: 1026-32.

27 Jacobs RJ. Visual resolution and contour interaction in
the fovea and periphery. Vision Res 1979; 19: 1187-95.

28 Hess RF, Jacobs RJ. A preliminary report of acuity and
contour interaction across the amblyope's visual field.
Vision Res 1979; 19: 1403-8.

29 Flom MC. New concepts on visual acuity. Optom
Weekly 1966; 57: 63-8.

30 Snell AC Sterling S. The percentage evaluation of
macular vision. Arch Ophthalmol 1925; 54: 443-61.

31 Finney DJ. Probit Analysis. 3rd edn. New York: Cam-
bridge University Press, 1971.

32 Graham C, Leibowitz HW. The effect of suggestion on
visual acuity. Int J Clin Exp Hypn 1972; 20: 169-86.

33 McKee SP, Westheimer G. Improvement in vernier acuity
with practice. Percept Psychophys 1978; 24: 258-62.

34 Overbury 0, Bross M. Improvement of visual acuity in
partially and fully sighted subjects as a function of
practice, feedback, and instructional techniques. Percept
Mot Skills 1978; 46: 815-22.

35 Johnson CA, Leibowitz HW. Practice effects for visual
resolution in the periphery. Percept Psychophys 1979;
25: 43942.

36 Griffin JR, Sherban RJ, Seibert P. Amblyopia therapy-
a case report. Optom Weekly 1978; 69: 619-20.

37 Dalziel CC. Paper presented at the American Academy
of Optometry, 1978.

38 Crandall MA. Paper presented at the American Academy
of Optometry, 1979.

39 Sokol S. Pattern visually evoked potentials. In: Sokol S,
ed. Electrophysiology and Psychophysics: Their Use in
Ophthalmic Diagnosis. International Ophthalmology
Clinics. Boston: Little, Brown, 1980.

612

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.64.8.607 on 1 A

ugust 1980. D
ow

nloaded from
 

http://bjo.bmj.com/

