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Abstract
BACKGROUND: The purpose of this study was to determine if vision training with the EYEPORT™
system affects vision and reading performance. (Subsequent to this study, the “E.Y.E.” has been
renamed “EYEPORT™”)
METHODS: College students with normal vision (n � 31) participated in a blind, crossover study to
assess within-subject and between-group effects of EYEPORT training. Half the subjects initially
underwent training (10 minutes per day, 6 days a week for 3 weeks), and then crossed over to the
no-train control condition (3 weeks); the other half underwent the reverse sequence. Vision and reading
performance were assessed at baseline, 3 weeks, and 6 weeks.
RESULTS: Multivariate analyses (Hotelling’s T2) found small improvements in vergence and accom-
modative facility, reading performance, and stereopsis response time after EYEPORT training (P �
0.025). Enhancements in reading performance and vergence facility were still present 3 weeks after
cessation of training (P � 0.001).
CONCLUSIONS: The EYEPORT training system shows potential to enhance visual performance and
reading ability. Studies are underway to assess its efficacy in symptomatic populations.
Optometry 2006;77:508-514
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There is considerable and compelling support for the
oncept that visual skills, comfort, and efficiency can be
nhanced via vision therapy.1-7 The efficacy of vision ther-
py has been shown in the past with children as well as
dults.8 Not only do patients with reduced visual efficiency
espond well, but vision therapy is deemed by some to be
he treatment of first choice.9 Vision therapy programs are
ommonly individually prescribed to the patient and mon-
tored by the optometrist. Vision therapy treatment almost
lways involves differing exercises and combinations of
raining tools such as lenses, prisms, computer programs,
nd vision training instruments (i.e., stereoscopes, cheiro-
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copes).10 It is uncommon to find a vision therapy study
imited to a single training method or device. What follows
s a prospective intervention trial utilizing a single vision
raining device used in isolation.

Whereas the ability to discriminate the various hues that
urround us approaches wavelength accuracy, the human
ye, like all optical instruments, manifests chromatic aber-
ation; each wavelength is focused at a unique position
elative to the retina. Longitudinal chromatic aberration
auses short wavelength (deep blue) light to be focused
nterior to the retina, whereas long wavelength (deep red)
ight is focused posterior to the retina. Thus, a blue target
ay serve as a stimulus to relax accommodation, whereas a

ed target may stimulate increased accommodation.11 Al-
hough there is contrary evidence12 based on recent re-
earch, Stark et al.13 affirmed that longitudinal chromatic

berration “almost certainly provides a direct stimulus to

rights reserved.
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509Laukkanen and Rabin Clinical Research
ccommodation.” This suggests that, in addition to changes
n viewing distance, systematic changes in the chromatic
ontent of the stimulus may serve as an effective stimulus to
ccommodation and vergence, with potential application for
ision training and therapeutics.

The purpose of this study was to conduct a prospective
ssessment of a new device, which combines systematic
hanges in chromaticity, direction, and viewing distance as
stimulus to accommodation and vergence. This new de-

ice, known as Exercise Your Eyes or the E.Y.E. system
renamed EYEPORT™ subsequent to this study), is similar
o 2 earlier electronic vision training devices. The Gruss
lectro-Wand introduced by Mast/Keystone in the mid
970s, consisted of a 27-inch bar with 7 red fixation lights
paced at 4-inch intervals. One end of the Electro-Wand was
eld near the nose in a line-of-sight orientation while the
atient was instructed to sequentially fixate and “clear” the
lluminated lights and to use the white line (on top of the bar
onnecting the lights) as feedback for fine vergence align-
ent. The Electro-Wand was equipped with a speed control

nd 4 automated programs that illuminated the fixation
ights in different patterns. This device was designed to
erve as an electronic Brock String function to train con-
ergence, fixation, and suppression. The Electro-Wand was
ollowed by a similar but more advanced device, the Liber-
an Vis-Flex (Vision Flexibility Trainer; Wayne Engineer-

ng, Skokie, Illinois) system. The Vis-Flex also incorpo-
ated only red fixation lights, but was more fully
rogrammable than the Electro-Wand, and is still available
fter nearly 20 years of use as a visual therapeutic device.
he recently introduced EYEPORT system consists of a
6-inch rod with an array of 12 alternating fully program-
able red and blue light emitting diodes (LEDs) (see Figure

). Each unit includes reversible red and blue anaglyphic
pectacles, which allows training of each eye independent of
he other. Liberman’s recommended EYEPORT training
rotocol incorporates the reversible red–blue glasses to
lternately train each eye individually while both eyes are
eing used. When these red–blue glasses are used in com-
ination with alternating red and blue LEDs, color cancel-
ation occurs in which the eye behind the red lens only sees
n illuminated red LED, whereas the eye behind the blue
ens only sees an illuminated blue LED. This allows the user
o alternately train each eye to become the lead eye at any
iven moment while both eyes are open. A stated goal is to
ave the eyes continuously exercise their individual ability
o accurately and efficiently aim, focus, and track a target,
hile simultaneously reinforcing their ability to work to-

igure 1 The EYEPORT™ system. See text for further details.
ether as equal partners. Liberman’s recommended protocol
lso specifies daily training without the red–blue glasses, in
hich the device is placed in a line-of-sight orientation

elative to the user. The user is not only encouraged to focus
nd fuse each sequentially illuminated light, but also to
aintain physiologic diplopia awareness of the white line

on top of the rod connecting the LEDs) so the perceived
Brock string lines” precisely cross at each light when
lluminated. Thus, this technique provides the user with
eedback about vergence alignment while the alternating red
nd blue LEDs generate an approximately 1.5-diopter
rocking” stimulus to accommodation (based on peak spec-
ral wavelengths of the LEDs and research conducted by

ald and Griffin, 1947 and Bedford and Wyszecki, 1954).
What feedback does the user get about potential visual

mprovement? Reportedly, the user should notice the LEDs
ecoming clear more quickly, a faster and more precise
ergence response, plus better and more natural synchroni-
ation of all of the aggregate visual subskills with the visual
nd auditory EYEPORT stimuli. In general, even with
ncreasingly more challenging EYEPORT programs, com-
letion of the activities should become progressively less
ffortful, easier, and more comfortable (Liberman J, per-
onal communication, Kula, Hawaii 2004).

For the purpose of this study, we chose to follow the
raining protocol recommended by Liberman, whereby the
evice was used only for a 3-week training period com-
rised of progressively more challenging illumination pat-
erns, program speeds, and differing levels of auditory

Table 1 Testing conducted before and after EYEPORT
training

Visual performance
parameter Method

Monocular and binocular
visual acuity

Distance and near log MAR
charts

Monocular and binocular
contrast sensitivity

Pelli-Robson Chart
Distance and near small letter

contrast chart
Refractive error and max

plus to 20/20
Objective and subjective

refraction
Relative accommodation PRA and NRA
Vergence ranges and phorias Phoropter-assisted prism

testing
Accommodative facility �2/�2D lens flipper testing

at 40 cm14

Vergence facility 8 base-in/8 base-out prism
flipper testing at 40 cm14

Combined accommodation
and vergence facility

Distance Rock test15

Timed and threshold
stereopsis

Super Stereo Test (SST) near16

and BVAT distance stereo
test

Reading speed and
performance

Visagraph II test17-19

Reading comprehension Visagraph II Taylor paragraphs
test17-19

Quality-of-life profile Quality-of-life questionnaire
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510 Optometry, Vol 77, No 10, October 2006
eedback (see Appendix). This study included visually nor-
al participants in a blind, crossover design to assess
ithin-subject and between-group changes in visual perfor-
ance and reading ability after EYEPORT training.

ethods

his study included 31 participants drawn from the student
ody of the Pacific University College of Optometry (mean
ge, 25.8 years; range, 20 to 41). All participants had
ormal vision corrected to at least 20/20 with no history of
trabismus, amblyopia, or ocular disease. All subjects gave
heir informed consent to participate after protocol approval
y our institutional review board. A crossover design was
tilized in which each subject underwent testing before and
fter training with the EYEPORT system. The study was
onducted over a period of 6 weeks, with approximately
alf (n � 14) of the subjects undergoing training during the
rst 3 weeks, and the other half serving as a control group
n � 17). Each group then “crossed over”; the untrained
ubjects underwent training during the second 3-week pe-
iod, whereas the trained subjects did not train during the
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igure 2 Mean vergence facility at baseline and after either 3 weeks of
YEPORT training (n � 14), or a no-train control period (n � 17).
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igure 3 Accommodative and vergence facility before and after

raining. F
econd 3 weeks. This design allowed for within-subject
ssessment of EYEPORT training in all subjects (n � 31);
omparison between trained and untrained groups during
he first 3 weeks; and, in the group that trained first,
ssessment of the persistence of training effects during the
nal 3 weeks.

A series of tests to evaluate oculo-motor function and
isual performance as they relate to visual reaction time,
ndurance, and skills was administered to each subject at
aseline, 3 weeks, and at 6 weeks (see Table 1). Each testing
ession was conducted in a fully equipped eye lane and
linical laboratory and required approximately 60 minutes.
he licensed optometric clinicians performing the tests were
blind” to the status of each subject (control vs. training
ssessment).

Training was conducted at the College of Optometry in a
arge, comfortable room equipped with 6 secluded stations
ith controlled room illumination, where subjects trained
n a daily basis. Each daily session consisted of a 10-minute
ision exercise program using the EYEPORT system. The
0-minute program consisted of 5 exercises, each 90 sec-
nds in duration separated by a 30-second rest period. The
rst 4 exercises consisted of visual tracking in the horizon-

al, vertical, and 2 oblique directions within the fronto-
arallel plane at a distance of 60 cm from the observer. The
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igure 4 Timed stereopsis before and after EYEPORT training.
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fth exercise, an electronic Brock string technique, con-
isted of tracking a series of LEDs moving closer and
urther along a line-of-sight orientation relative to the user.
n accordance with the recommended Liberman training
rotocol, subjects were encouraged to perform their indi-
idual EYEPORT training while not wearing habitual lens
orrection, except for cases in which the lenses were nec-
ssary to see the LEDs clearly. Some sessions were per-
ormed while wearing red–blue glasses (to alternately train
ach eye while both eyes were being used), whereas other
raining was completed without red–blue anaglyphic filters.
See Appendix for information about the specific training
rotocol for each session.) Statistical comparisons within
nd between subjects were conducted to assess effects of
YEPORT training on visual performance.

esults

raining versus control group

ll subjects initially underwent a baseline assessment of
isual performance and reading ability followed by a
-week period of EYEPORT training (n � 14) or no
raining (controls, n � 17). Each group was re-evaluated at
he end of this 3-week period to look for changes in
erformance. Multivariate analysis (Hotelling’s Paired
ample T2; NCSS 2004 Statistical Software; NCSS,
aysville, Utah) indicated improved accommodative and
ergence facility as well as reading ability in the treatment
roup (T2 � 383.38, P � 0.0001), whereas the no-train
ontrol group showed no significant change in performance
T2 � 35.50, P � 0.11). Paired t testing with the signifi-
ance level adjusted for multiple comparisons (P � 0.0083;
onferroni correction20) confirmed a significant improve-
ent in vergence facility in the treatment group (P �

.0002), as well as improvement trends in accommodative
acility (P � 0.035), reading fixations (P � 0.015), and
eading comprehension (P � 0.025), but only vergence
acility achieved statistical significance.

Results for vergence facility are shown in Figure 2. The
ean number of vergence cycles per minute, in response to

lternating base-out and base-in 8-prism diopter demands, is
hown for control (no-train) and EYEPORT training groups
efore and after the initial 3-week period. Although both
roups showed improvement, the enhancement observed in
he training group (3.2 cycles per minute) was 3 times
reater than in the control group (0.9 cycles per minute),
ith the change in the control group not significantly
ifferent from zero (P � 0.15).

erformance after EYEPORT training: all subjects

he initial control group (no EYEPORT training during first
weeks) “crossed over” to undergo training during the
econd 3 weeks. Similar trends were observed in this group e
fter training, including improved vergence facility and
eading ability. To increase statistical power for detecting
hange, data from all subjects (n � 31) were pooled to
ompare performance before and after training. Improve-
ent trends were observed for vergence and accommoda-

ive facility, reading ability, and timed stereo tasks (Hotell-
ng’s Paired Sample T2 � 91.09, P � 0.001).

Figure 3 shows mean accommodative and vergence fa-
ility for all subjects before and after EYEPORT training.
s in the initial treatment group (see Figure 2), vergence

acility increased after training (mean increase, 2.5 cycles
er minute), whereas accommodative facility increased
lightly.

Figure 4 shows the mean time in seconds to complete the
ST stereo-depth tasks before and after training. Mean
esponse time decreased 1.5 seconds after training, but by
ess than 0.5 seconds in the no-train control group.

Figure 5 shows mean reading performance for all sub-
ects before and after training. The number of fixations
ecreased (from 94 to 89) and reading comprehension
ncreased (5%) after training. In contrast to this result, the
o-train control group showed no change in fixations (mean,
2 before and after the control period), and a lesser increase
n comprehension (1.3%).

aintenance of training effects over time

he initial treatment group underwent a 3-week no-train
ontrol period after EYEPORT training, making it possible
o assess persistence of effects over that time. Figure 6
hows mean reading performance and vergence facility
efore, immediately after EYEPORT training, and 3 weeks
fter cessation of training. Multivariate analysis found
hanges after training (T2 � 14.09, P � 0.001) but no
ifference between performance immediately after training
nd 3 weeks later (T2 � 1.70, P � 0.72). Although longer-
erm effects are yet to be assessed, this finding suggests the
otential to sustain positive effects of EYEPORT training.

-score comparison

igure 7 shows the change in reading fixations, comprehen-
ion, timed stereo, and vergence facility for all subjects after
YEPORT training. To facilitate comparison across differ-
nt performance measures with distinct units, all data are
xpressed as Z-scores—the number of standard deviations
SDs) from baseline performance. (Control group data were
sed to calculate the within-subject standard deviation for
ach measure.) In this analysis, increased performance
positive SD) indicates an increase in comprehension or
ergence facility compared with baseline, but a decrease in
eading fixations or stereo response time relative to baseline.
t is clear that relatively few subjects showed improvement
xceeding 2 SDs, often cited as a significant change. Nev-
rtheless, many subjects showed some degree of improve-
ent, suggesting the potential of EYEPORT training to
nhance reading and vision performance.
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iscussion

his study shows the potential for improved visual per-
ormance after EYEPORT training. Enhancements were
bserved in vergence facility, reading performance, and
imed depth perception. Improvements were observed
ithout the use of lenses or prisms (often necessary in

onventional vision training), and with minimal invest-
ent of time (10 minutes per day for 3 weeks; 3 hours

otal training time). The improved vergence facility and
eading performance persisted up to 3 weeks after termi-
ation of training.

It is possible that the enhancements were caused by
earning effects or motivational factors related to the
raining experience. However, control subjects showed
o comparable changes in performance, and several tests
sed objective measures (e.g., number of fixations during
eading) or forced-choice methods less affected by sub-
ective factors. Nevertheless, learning effects and moti-
ational factors cannot be excluded as contributory in
his study.

The subjects in this study lacked significant visual and
sthenopic symptoms. Hence, the clinical significance of
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s SDs from baseline. See text for further details.
he trends reported herein awaits further application and
nalysis in symptomatic populations. Additional studies
re underway to further explore the efficacy and utility of
YEPORT training.21
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529
oi:
.Y.E. weekly training schedule

Program 1: sequential light pattern; Program 2: sequential jump pattern; Program 3: random jump pattern 

Auditory 1: feedback; Auditory 0: no feedback; Speed 1: 2.5-second light duration; Speed 9: 0.2-second 

duration

R/B = red filter over right eye/blue over left; B/R = blue over right eye/red filter over left eye; NONE = no 

filter 

Week 1 

Day  Date Program Speed Auditory Far-Near 

  1  /  /    1   2    1 R/B B/R R/B B/R  None 

  2  /  /    1   3    1 R/B B/R R/B B/R  None 

  3  /  /    1   4    1 R/B B/R R/B B/R  None 

  4  /  /    1   5    1 R/B B/R R/B B/R  None 

  5  /  /    1   6    1 R/B B/R R/B B/R  None 

  6  /  /    1   7    1 R/B B/R R/B B/R  None 

Week 2 

Day   Date Program Speed Auditory

      

     Far-Near 

  1  /  /    2   1    1  R/B B/R R/B B/R  None 

  2  /  /    2   2    1  R/B B/R R/B B/R  None 

  3  /  /    2   3    1 R/B B/R R/B B/R  None 

  4  /  /    2   4    1  R/B B/R R/B B/R  None 

  5  /  /    2   5    1  R/B B/R R/B B/R  None 

  6  /  /    2   6    1  R/B B/R R/B B/R  None 

Week 3 

Day   Date Program Speed Auditory Far-Near 

  1  /  /   3   0    0 None None  None  None  None 

  2  /  /   3    1    0 None None  None  None  None 

  3  /  /   3    2    0 None None  None  None  None 

  4  /  /   3    3    0 None None  None  None  None 

  5  /  /   3    4    0 None None  None  None  None 

  6  /  /   3    5    0 None None  None  None  None 
-1839/06/$ -see front matter © 2006 American Optometric Association. All rights reserved.
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