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SYSTEMS AND METHODS FOR VISION TESTING
CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims the benefit of U.S. Provisional Application No. 62/394,5135,
filed September 14, 2016, the entire contents of which being incorporated herein by reference.
BACKGROUND
[0002] The “background” description provided herein 1s for the purpose of generally presenting the
context of the disclosure. Work of the presently named inventors, to the extent it 1s described 1n
this background section, as well as aspects of the description which may not otherwise qualify as
prior art at the time of filing, are neither expressly or imphiedly admatted as prior art against the
present mvention.
[0003] Vision testing devices can be used for visual screening in a variety of applications,
including use by eye care professionals, departments of motor vehicles, schools, and the military.
Typical vision screening can be slow, limited, and subjective. Vision testing devices have been
developed in an attempt to improve speed, but they continue to fall short in many aspects. For
example, vision screening using a vision testing device 1s typically administered by an operator for
a test subject. The test subject looks at or into the device, and the operator controls the device,
clicits a series of responses to questions from the test subject about what they see in or on the
device, and records the test subject responses. Such procedures can result 1n errors based on human
factors or subjective answers and records.
SUMMARY
[0004] The foregoing paragraphs have been provided by way of general introduction, and are not
intended to limit the scope of the following claims. The described embodiments, together with
further advantages, will be best understood by reference to the following detailed description taken
1in conjunction with the accompanying drawings.
[0005] According to embodiments of the disclosed subject matter, a vision testing device can
include a hight-occluding casing for administering vision tests. A viewing station can be coupled to
the hight-occluding casing so a test subject can see a first digital display housed within the light-
occluding casing. A second digital display can be external to the light-occluding casing and can be
configured to receive touch-based mput. One or more predetermined vision tests can be displayed
via the first digital display. The second digital display can recetve mput corresponding to the vision
test displayed via the first digital display. The second digital display can include response
indicators that can be activated via a swiping motion on the second digital display, and a response
can be recorded as a result of the swiping motion. Each answer corresponding to a swiping motion

can be stored and output as a result of the vision test. This summary does not list all necessary
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characteristics, and therefore, sub-combinations of these characteristics may also constitute an
embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] A more complete appreciation of the disclosure and many of the attendant advantages
thercof will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered 1n connection with the accompanying drawings,
wherein:
[0007] Fig. 1 depicts an exemplary overview of a vision testing system according to one or more
aspects of the disclosed subject matter;
[0008] Fig. 2 depicts an exemplary perspective view of a vision testing device according to ong or
more aspects of the disclosed subject matter;
[0009] Fig. 3 depicts an exemplary view of a second portion of a digital display according to one
or more aspects of the disclosed subjected matter;
[0010] Fig. 4 1s an algorithmic tlow chart for administering one or more vision tests with the vision
testing system according to one or more aspects of the disclosed subjected matter;
[0011] Fig. 5 1s an algorithmic flow chart for receiving a selection via the second portion of the
digital display according to one or more exemplary aspects of the disclosed subject matter;
[0012] Fig. 6 1s an algorithmic flow chart for administering a visual acuity, contrast, or color vision
test according to one or more exemplary aspects of the disclosed subject matter;
[0013] Fig. 7 1s an algorithmic flow chart of administering a phoria test according to one or more
exemplary aspects of the disclosed subject matter;
[0014] Fig. 8A depicts a first bracket seen by a left eye of the test subject according to one or more
exemplary aspects of the disclosed subject matter;
[0015] Fig. 8B depicts a second bracket seen by a right eye of the test subject according to one or
more exemplary aspects of the disclosed subject matter;
[0016] Fig. 8C depicts a plus sign displayed on the second portion of the digital display according
to onc or more exemplary aspects of the disclosed subject matter;
[0017] Fig. 8D depicts separated brackets displayed on the second portion of the digital display
according to one or more exemplary aspects of the disclosed subject matter;
[0018] Fig. 9A 1s a perspective view of a mask msert for the vision testing device according to one
or more exemplary aspects of the disclosed subject matter;
[0019] Fig. 9B 1s an exploded view of a mask insert for the vision testing device according to one

or more exemplary aspects of the disclosed subject matter;
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10020] Fig. 9C depicts light positions 1n a mask 1nsert according to one or more aspects of the
disclosed subject matter; and
[0021] Fig. 10 1s a hardware block diagram of a remote device according to one or more
exemplary aspects of the disclosed subject matter.

DETAILED DESCRIPTION
[0022] The description set forth below 1n connection with the appended drawings 1s intended as a
description of various embodiments of the disclosed subject matter and 1s not necessarily intended
to represent the only embodiment(s). In certain instances, the description includes specific details
for the purpose of providing an understanding of the disclosed subject matter. However, 1t will be
apparent to those skilled in the art that embodiments may be practiced without these specific
details. In some instances, well-known structures and components may be shown 1n block diagram
form 1n order to avoid obscuring the concepts of the disclosed subject matter.
[0023] Reference throughout the specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, characteristic, operation, or function described 1n connection
with an embodiment 1s included 1n at least one embodiment of the disclosed subject matter. Thus,
any appearance of the phrases “in one embodiment” or “in an embodiment” 1n the specification 1s
not necessarily referring to the same embodiment. Further, the particular features, structures,
characteristics, operations, or functions may be combined 1n any suitable manner in on¢ or more
embodiments. Further, 1t 1s intended that embodiments of the disclosed subject matter can and do
cover modifications and variations of the described embodiments.
[0024] It must be noted that, as used 1n the specification and the appended claims, the singular
forms “a,” “an,” and “the” include plural referents unless the context clearly dictates otherwise.

That 1s, unless clearly specified otherwise, as used herein the words “a” and “an” and the like carry

the meaning of “one or more.” Additionally, it 1s to be understood that terms such as “left,”

22 ©6 77 &6 23 6%]

“right,” “top,” “bottom,” “front,” “rear,” “side,” “height,” “length,” “width,” “upper,” “lower,”

“mterior,” “exterior,” “mmner,” “outer,” and the like that may be used herein, merely describe points
of reference and do not necessarily limit embodiments of the disclosed subject matter to any
particular orientation or configuration. Furthermore, terms such as “first,” “*second,” “third,” etc.,
mercly 1dentify one of a number of portions, components, points of reference, operations and/or
functions as described herein, and likewise do not necessarily limit embodiments of the disclosed
subject matter to any particular configuration or orientation.

[0025] Reterring now to the drawings, wherein like reference numerals designate 1dentical or

corresponding parts throughout the several views.



10

15

20

25

30

CA 03036097 2015-03-06

WO 2018/050297 4 PCT/EP2017/057132

[0026] Fig. 1 depicts an exemplary overview of a vision testing system 100, herein referred to as
system 100, according to one or more aspects of the disclosed subject matter. The system 100 can
include a vision testing device 105 connected to a remote device 120 and a server 125 via a
network 130. The vision testing device 105 can represent one or more vision testing devices. The
system 100 can administer one or more predetermined tests via the vision testing device 105, One
or more predetermined tests can be administered on-demand and/or can be stored and administered
as part of a protocol, as further described herein. Many vision tests are available. For example,
vision tests can be in various categories including preliminary tests, refractive tests, non-refractive
tests, horizontal peripheral tests, and the like. For example, preliminary tests can include loss of
accommodation test, as well as visual acuity tests. Visual acuity tests can include letters, numbers,
Landolts, Snellen, E-Tumbling, Early Treatment Diabetic Retinopathy Study, and the like.
Refractive tests can include ametropia red/green, astigmatism, latent hyperopia, fusion, lateral and
vertical phoria, depth perception, and the like. Non-refractive tests can include color tests, contrast
sensitivity tests, and the like. Horizontal peripheral vision tests can include stimuhi at 60°, 70°, 80°,
85°, 80°, 100° and 55° temporal, and 45° nasal. Vertical peripheral vision tests can also be
administered using a mask insert as further described herein. Additional tests can include HOTV
tests, road sign recognition tests, Allen tests, and the like. Additionally, testing conditions can be
chosen for cach test including night, day, glare, monocular left and right, binocular, distance,
intermediate, near, and the like. The testing conditions can be changed at any time including while
a test 1s being administered.

[0027] The remote device 120 can represent one or more remote devices connected to the vision
testing system 1035 and the server 125 via the network 130. The remote device 120 can be a
computer, a laptop, a tablet, a smart phone, a PDA, and the like. The remote device 120 can
include processing circuitry to independently operate and/or assist in operating the system 100.

The remote device 120 can include an mterface, such as a digital and/or physical keyboard and/or a
mouse and/or touch-based mput functionality, allowing an operator, for example, to interact with
vision testing device 105. The remote device 120 can operate to select and 1niate one or more
predetermined tests, select and/or change the testing conditions, view answers of a user of the
vision testing device 105, create protocols, create a patient profile, and the like.

[0028] The server 125 can represent one or more servers connected to the vision testing device 105
and the remote device 120 via the network 130. The server 1235 can include processing circuitry to
perform various processing for the system 100 including receiving requests from one or more of the

vision testing device 105 and the remote device 120 via the network 130. Additionally, the server
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125 can transmit information to one or more of the vision testing device 125 and the remote device
120 via the network 130.

[0029] The network 130 can represent one or more networks connecting the vision testing device
1035, the remote device 120, and the server 125. The network 130 can be a public network, such as
the Internet, or a private nctwork such as an LAN or WAN network, or any combination thercof
and can also include PSTN or ISDN sub-networks. The network 130 can also be wired, such as an
Ethernet network or a USB port, or can be wireless such as a cellular network including EDGE, 3G
4G, and LTE/LTE-A wireless cellular systems. The wireless network can also be Wi-Fi, Bluetooth,
or any other wireless form of communication that 1s known.

[0030] Fig. 2 depicts an exemplary perspective view of the vision testing device 105 according to
one¢ or more aspects of the disclosed subject matter. The vision testing device 105 can include a
first portion of a digital display 205, a second portion of the digital display 210, a viewing station
215, and a first LED strip 220a of a mirrored LED strip pair. The first LED strip 220a can be part
of a pair of LED strips 220a, 220b, as scen i Fig. 9A, wherein the first LED strip 220a extends
from a left side of the viewing station 215 and the second LED strip 220b extends from a right side
of the viewing station 215. The LED strip pair 220a, 220b can be positioned at about the same
height as a top viewing portion of the viewing station 215. The LED strip pair 220a, 220b can be
configured to assist in administering a horizontal and/or vertical peripheral vision test, for example.
More specifically, each LED strip 220a, 220b can include a plurality of holes through which light
from one or more LEDs 1s visible when the one or more LEDs are activated. The light from the
one or more LEDs can be activated for one or more predetermined holes in one or more of the LED
strips 1n a predetermined order corresponding to the horizontal and/or vertical peripheral vision test,
for example. The viewing station 215 can be configured for a test subject to look mnto the vision
testing device 105 and see display test patterns. Viewing station 215 can include a pair of
cyepicces for far vision 230 and a pair of eyepieces for near vision 235. Viewing station 215 can
also include a face rest 240, upon which a test subject can rest their forehead to place their head 1n a
suitable position for performing the vision screening.

[0031] The first portion of the digital display 205 and the second portion of the digital display 210
can be portions of one digital display. The first portion of the digital display 205 can be housed
within a light occluding casing 225 of the vision testing device 105. Additionally, the first portion
of the digital display 205 can be configured to display one or more predetermined vision tests to be
viewed through the viewing station 215. The viewing station 215 can be optically configured to
view the first portion of the digital display 205 when a patient 1s using the vision testing device

105. The second portion of the digital display 210 can be positioned such that the second portion of
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the digital display 210 1s 1in plain view, thereby being accessible to a user of the vision testing
system 105 while the user 1s using the vision testing system 105. The second portion of the digital
display 210 can be configured to receive touch-based mput, wherein the touch-based mput can
correspond to answers for one or more predetermined vision tests as further described heren. It
should be appreciated that each of the first portion of the digital display 205 and the second portion
of the digital display 210 can be independent displays such that the first portion of the digital
display 205 can be placed in various locations within the light-occluding casing of the vision testing
device 105 without atfecting the position of the second portion of the digital display 210. The first
and/or second portion of the digital display can be a touch-based LLCD display, for example.
Alternatively, or additionally, the second portion of the digital display 210 can be a non-display
input device including a joy stick, track pad, and the like, wherein the non-display mput device can
be communicably coupled to the first portion of the digital display 205, which can be a single,
independent digital display, so that the user can respond to the one or more vision tests displayed
via the first portion of the digital display 205 using the non-display mput device.

[0032] The vision testing device 105 can include processing circuitry and memory to store a test
library and cause the vision testing device 105 to administer one or more vision tests. The memory
can be local memory and/or remotely accessible memory including a database, server 125, and the
like, for example. Alternatively, or additionally, the remote device 120 can transmit instructions to
administer the one or more vision tests. The vision testing device 105 provides a controlled testing
environment, 1n that 1t controls the parameters of distance and hight during the vision testing. The
vision testing device 105 mcludes an optical path to ensure that the testing distance 1s always
accurate and conformed to the standard for near, far and intermediate distances. The vision testing
device 105 also includes lighting, such as one or more LEDs, and controls for the lighting, within
the casing, making sure that the light 1s calibrated and constant.

[0033] The vision testing device 1035 provides a new way to interact with the test subject, wherein
the test subject can be a user, patient, and the like. Instead of the device audibly going through a
series of questions and the test subject pushing a button in response to the correct answer, the test
subject can swipe an external screen, wherein the external screen can include the second digital
display 210, for example, 1n a direction indicating the correct response. For example, the first
digital display 205 may display standard C-Landolt or E and the device may ask the test subject to
swipe 1n the direction that the C or E opens. This system may reduce the likelihood of a test subject
misunderstanding the vision testing device 105, as well as reduce the time needed to elicit a

response from the test subject by providing multiple response choices at once instead of in series.
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[0034] The vision testing device 105 may be pre-programmed by an operator to administer a
desired test protocol, the protocol being a series of vision tests, including various conditions to fit
the needs of the application including recreating real-world scenarios, for example.

[0035] The vision testing device 105 may include an auto-mode. The auto-mode may be fully
embedded in the device and provide a controlled testing environment. The auto-mode may be non-
operator dependent. The test subject can self-administer the test and record answers. As a result,
the time needed to admunister the vision test can be reduced, and the efficiency of the test subject
flow within an eye care practice or other administration facility may be reduced. For example, the
devices can be mnstalled 1n the pre-screening room, or a dispensing arca, saving valuable time for
the doctor 1n the exam lane.

[0036] Additionally, the vision testing device 105 may remove subjectivity or bias of the operator,
and thus allow for a more objective result. For example, in the military, pilots may receive vision
tests to determine 1f they can fly. This scenario can add significant pressure to the operator as the
results of the vision test may make or break the pilot’s career. Therefore, the objectiveness of the
vision testing device 105 can be advantageous for military testing.

[0037] The auto-mode may be non-audio dependent. Preliminary instructions may be given in
three different ways: audio, text, and pictograms, and the device may administer a trial test.
Theretfore the test subject may be guided in how to perform the test, and there are multiple
mstruction formats that may be understood regardless of language, hearing, or reading capacities.
For example, the test process may not start until the trial test 1s answered correctly, thus allowing
confirmation of understanding and reducing the likelihood of errors by the test subject during
testing. Once the tests starts, cach vison test may be displayed automatically without further audio
instructions.

[0038] The vision testing device can receive a "swipe' response, as further described herein. The
“swipe” 1s unique 1n the context of vision screening on a vision testing device, and provides a
robust response method that reduces test subject errors. For example, recording a response can be
based on the direction and intensity/length of the "swipe". The vision testing device 105 may be
configured to receive a touch based mput in the form of a swipe, wherein the swipe movement 18
long enough to activate all response zones 1n a response indicator, as further described herein.
Alternatively, the system could use a series of taps, pinches, swipes or any combination that
together trigger all the response zones. These configurations can avoid errors that occur with a
single tap or click because the response 1s not recorded until all of the progression bars are full, or

1in other words, when all response zones 1n a response indicator have been activated. If the test
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subject has second thoughts, the test subject can stop the movement before completing the response
zones, and swipe 1 another direction.

[0039] The test protocols used 1n the auto-mode can be configured to be administered 1n a
predetermined order based on the test subject’s needs, for example. Additionally, once a test
protocol 1s launched, 1t may progress automatically and record the test subject’s answers without
further mput from the operator. For example, in the C-Landolt acuity test, cach time the test
subject answers correctly by swiping in the correct direction, the next C-Landolt may automatically
be displayed with a smaller acuity. When answered incorrectly, the device may go back to the
previous acuity level. If answered twice incorrectly for the same level, the device may stop the
process for the C-Landolt acuity test and move to the next visual acuity test.

[0040] Fig. 3 depicts an exemplary view of the second digital display 210 according to one or
more aspects of the disclosed subjected matter. Fig. 3 can be a response screen displaying four
response mndicators 305, 310, 315, and 320, each positioned in a predetermined location 1n a spaced
relationship. Additionally, the response indicators 305, 310, 315, and 320 can be various sizes.
The position of each response indicator can be configured to reduce the likelithood that the test
subject will accidentally swipe across more than one of the response indicators 305, 310, 315, and
320. A blank finger rest space 325 can be left open 1n a center area of the second digital display
210, on which the test subject can rest their finger while waiting to give a next response. Each
response indicator 305, 310, 315, and 320 may be configured to receive more than just a quick tap
to input an intended response. For example, each response indicator may include may include a
plurality of response zones such that an input can be transmitted when all of the plurality of
response zones 1n a response indicator have been selected. The response zones may be configured
as a progression bar, for example, as shown 1n response indicator 315 which has been fully
selected, which can result in the vision testing device 1035 recording the “down™ direction as the
response for the vision test. A test subject may select all of the response zones of the response
indicator by swiping continuously across all of the response zones. 1If a test subject selects only a
subset of the response zones, a response 18 not recorded, giving the test subject an opportunity to
select a different response indicator, thus reducing errors by the test subject. Results of the vision
test can be recorded and transferred to a network, such as network 130, and/or another device, such
as remote device 120. Alternatively, the response indicators can be displayed only on the first
display screen and no response indicator 1s displayed on the second display screen. The user can
select anywhere on the second display to begin the swipe as long as the swipe 1s 1in one of four
directions corresponding to the response indicators and there 1s enough space between the start of

the swipe and the edge of the second screen for the entire response indicator to be triggered.
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0041] Fig. 4 1s an algorithmic flow chart for administering one or more vision tests with the vision
testing system 100 according to one or more aspects of the disclosed subjected matter.

[0042] In S405, sclection of one or more vision tests can be received. For example, an operator
can select one or more vision tests via the remote device 120. Alternatively, or additionally, one or
more vision tests can have been previously selected for an auto-mode, which can subsequently be
activated by the test subject. Additionally, a plurality of vision tests can be part of a protocol that
can administer subsequent tests automatically.

[0043] In S410, a current test of the one or more selected tests can be displayed on the first portion
of digital display 205. The test subject can view the current test on the first portion of the digital
display 205 via the viewing station 213.

[0044] In S415, mput, such as a touch-based swipe, for example, can be received on the second
portion of the digital display 210. The received mput can be a swipe as described mn Fig. 3, for
example. Alternatively, or additionally, the received mput can be various other touch-based mputs
corresponding to the current vision test being administered.

[0045] After input has been received via the second portion of the digital display 210, 1t can be
determined 1f the current test has ended in S420. If the current test has not ended, the process can
return to S4135 to receive mput via the second portion of the digital display 210. However, if the
current test has ended, then it can be determined 1f there 18 another test in S425.

[0046] In S425, 1t can be determined 1f there 1s another vision test to be administered according to
one or more exemplary aspects of the disclosed subject matter. For example, the operator may
have sclected a plurality of tests as part of a protocol designed for the test subject based on the
needs of the test subject. For example, the needs of a military pilot may include a plurality of
specific tests that may differ from a standard vision screening for a civilian patient/test subject
trying to find out whether or not they need glasses. If it 1s determined that there 1s another test, the
process can return to S410 to display the current test (e.g., next test in the protocol) on the first
portion of the digital display 205. However, 1f there 1s not another test, such as an instance where
there 1s only one test selected, 1t’s the end of the protocol, and the like, then the results of the one or
more vision tests can be output in S430. After the results of the one or more tests have been output,
the process can end.

[0047] Fig. 5 1s an algorithmic flow chart for receiving a selection via the second portion of the
digital display 210 according to one or more exemplary aspects of the disclosed subject matter.
10048] In S505, touch-based mput can be received on the second portion of the digital display 210.

The touch-based mput can be a swipe, for example.
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[0049] In S510, 1t can be determined if all response zones of a response indicator, such as response
indicator 3035, 310, 315, 320, for example, have been activated. 1f it 1s determined that all response
zones of the response mdicator have been activated, such as response indicator 3135, for example,
then the corresponding selection, wherein the response indicator 315 can correspond to “down”, for
example, can be received in S520. However, 1t it 1s determined that not all response zones of the
response indicator 305, 310, 315, 320 have been active, then 1t can be determined if the touch-based
mput has ended mm S5135.

[0050] In S515, 1t can be determined if the touch-based mput, such as a swipe, for example, has
ended. For example, it may be determined that the touch-based input has ended 1f the test subject
stops touching the second portion of the digital display 210 or starts swiping in another direction.

If 1t 18 determined that the touch-based mput has not ended, then the process can return to S510 to
determine 1f all response zones of a response indicator 305, 310, 313, 320 have been activated.
However, 1f 1t 1s determined that the touch-based mput has ended, the process can return to S505 to
receive touch-based mput on the second portion of the digital display 210.

[0051] In S520, the corresponding selection can be received. For example, cach response indicator
can correspond to a predetermined direction. When each response zong of a response mdicator has
been activated, the corresponding selection, or in other words, a selected direction, can be received.
After the corresponding selection has been received, the process can end.

[0052] Fig. 6 1s an algorithmic flow chart for administering a visual acuity, contrast, or color vision
test according to one or more exemplary aspects of the disclosed subject matter.

[0053] In S603, a vision test selection can be received. For example, the vision test can be selected
via the remote device 120 and recerved by the vision testing device 105.

[0054] In S610, 1t can be determuned 1f the selected vision test 1s a visual acuity vision test, a
contrast vision test, or a color vision test. If the selected vision test 18 not one of a visual acuity
vision test, a contrast vision test, or a color vision test, the process can end. However, 1if the
selected vision test 18 one of a visual acuity vision test, a contrast vision test, or a color vision test,
then a predetermined shape can be displayed in a predetermined orientation i S615.

[0055] In S615, the predetermined shape can be displayed 1n the predetermined orientation via the
first portion of the digital display 103, for example. Additionally, the predetermined shape being
displayed m the predetermined orientation can correspond to Landolts, for example. As further
described herein, the Landolts, as well as other similar tests, can be administered for visual acuity,
contrast, and color tests. For example, the visual acuity test can include the C-Landolt displayed 1n
black with a white background. Alternatively, the C-Landolt can be displayed 1n white with a black
background. It should be appreciated that the Tumbling E may also be used for the visual acuity
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test, for example. The contrast test may include the C-Landolt displayed in a gray level that can be
adjustable so that the contrast between the C-Landolt and the background can change. A first color
test can include the C-Landolt displayed in color. Additionally, the color of the C-Landolt can be
configured to fade out because of a variation of contrast between the C-Landolt color displayed and
its background. The second color test can include the Tumbling E 1n color.

[0056] In S620, touch-based mput can be received from the second portion of the digital display
210, wheren the touch-based input can correspond to the direction of the opening of the shape.
Alternatively, or additionally, the touch-based input can also correspond to the direction of the
orientation of the shape. For example, even if the shape doesn’t have an opening, the shape may be
associated with predetermined orientations, such as an arrow, for example, such that the test subject
may still swipe 1n a direction that corresponds to an orientation of the shape. The touch-based mput
indicating the direction of the opening can be a swipe movement as described m Fig. 3 and Fig. 5.
[0057] In S§625, 1t can be determined 1f the selected vision test has ended. For example, it can be
determined that the test has ended when the test subject gets two wrong answers on the same acuity
level. Alternatively, the test can end if the test subject has completed the test without getting two
wrong answers on the same level. For example, if the test has nine levels, the test subject may
complete all nine levels without getting two wrong on the same level. If the selected vision test has
not ended, the process can return to S615 to display a subsequent predetermined shape 1n a
predetermined orientation. However, if the selected vision test has ended, the results of the vision
test can be output in S630. After the results of the vision test have been output in S630, the process
can end.

[0058] It should be appreciated that the process described m Fig. 6 1s not limited to visual acuity,
contrast, and color vision tests.

[0059] Fig. 7 1s an algorithmic tlow chart of administering a phoria test according to one or more
exemplary aspects of the disclosed subject matter.

[0060] In S703, a selection for a phoria test can be received.

[0061] In 8710, a first bracket seen by a left eye and a second bracket seen by a right eye can be
displayed. For example, with reference to Fig. 8A and Fig. 8B, the first bracket 805 and the second
bracket 810 can be displayed on the first portion of the digital display 205 such that the first bracket
805 can be seen by a left eye and the second bracket 810 can be seen by a right eye. The first
bracket 805 can form a 90° angle starting at 90° and ending at 180°, and the second bracket 810 can
form a 90° angle starting at 270° and ending at 360°. The goal can be to have the test subject see
the brackets connected to form a plus sign 815 as displayed in Fig. 8C. However, 1f the test subject
sees that the brackets 805, 810 are separated, as displayed as separated brackets 820 in Fig. 8D, the
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test subject may need to adjust the position of the brackets so the brackets can form the plus sign
815.

[0062] In S715, 1t can be determuned 1f input, such as touch-based input via the second portion of
the digital display 210, 1s received within a predetermined amount of time. The predetermined
amount of time can be used to 1dentity when the test subject has completed the phoria test. For
example, after displaying the brackets, if there 1s no mput recerved, the test can continue to
calculate the lateral and vertical phoria values based on the distance traveled by the first and/or
second brackets 805, 810 in S725. However, it the brackets did not move then the calculated
values may be zero which can correspond to the test subject not having phoria. For example, when
the brackets are displayed, the test subject may see the plus sign 815 as displayed in Fig. 8C,
thercby not requiring any response from the test subject because the brackets already form the plus
sign 815. Alternatively, 1f 1t 1s determined that input 1s received within the predetermined amount
of time, shiding touch-based mput can be received in S720.

[0063] In S720, shiding touch-based mnput can be recerved via the second portion of the digital
display 210, wherein the shiding can correspond to lining up the first bracket 805 and the second
bracket 810 1n an attempt to form the plus sign 815. After recerving the sliding touch-based mput,
the process can return to 8715 to determine 1f input 18 recerved within the predetermined amount of
time, as the test subject may continue to adjust the positions of the brackets 805, 810. When 1t 1s
determined that input has not been received within the predetermined amount of time, the lateral
and vertical phoria values can be calculated in S720.

[0064] In 8720, the lateral and vertical phoria values can be calculated based on the distance
traveled by the first and/or second bracket 805, 810. For example, when the test subject first saw
the brackets displayed, the brackets may have appeared as separated brackets 820 as shown 1n Fig.
&D. The test subject may have then attempted to move the brackets to form the plus sign 815. The
phoria value calculation can be based on the distance that the separated brackets 820 moved to form
the plus sign 815. The phoria value can have a precision of 0.1 diopter.

[0065] In S730, the results of the phoria test can be output. After the results of the phoria test are
output, the process can end.

[0066] It should be appreciated that the process described m Fig. 7 1s not limited to phoria tests.
[0067] Fig. 9A 15 a perspective view of a mask msert 905 component coupled to the vision testing
device 205 according to one or more exemplary aspects of the disclosed subject matter. The LED
strips 220a, 220b are depicted as described in Fig. 2. The mask insert 905 can be a visual field
mask removably coupled to the viewing station 215 1n a predetermined position. The mask mnsert

905 may be secured to the viewing station 215 via one or more of an adhesive strip and by setting
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the mask msert 905 1n specific drill holes that may exist in the vision testing device 105, for
example. The mask msert 905 can allow evaluation of a test subject’s field of vision n all
directions. The test subject’s field of vision can be evaluated using a plurality of holes through
which light from one or more LEDs can be visible. A portion of the plurality of holes 1n the mask
msert 905 1s highlighted by portion 910. The plurality of holes 1n the mask msert can be positioned
in predetermined locations, each location corresponding to administering a field of vision test. For
cxample, a test subject can recerve the field of vision test by looking at a static point on the first
digital display 205 and 1dentifying when light from one or more LEDs 1s visible through on¢ or
more of the plurality of holes in the mask msert 903.

[0068] Fig. 9B 1s an exploded view of the mask nsert 905 for the vision testing device 105
according to one or more exemplary aspects of the disclosed subject matter. The mask msert 905
can include a body 915, a transparent protective film 920, an assembly printed circuit card 9253, a
closure plate 930, and two magnet D5x3 NES3 binders 935. The one or more LEDs can be
activated using the assembly printed circuit card 925. Additionally, the mask msert 905 1s
clectronically coupled to the vision testing device 105 via the assembly printed circuit card 925via a
wire, for example, so that the assembly printed circuit card 925 may receive power for the one or
more LEDs as well as communicate with the vision testing device 105. The transparent protective
film 920 can be positioned between the assembly printed circuit card 925 and the body 915. The
body 915 can include a plurality of holes, such as portion 910, for example, to assist in displaying
the light from the LED 1n a predetermined way. For example, the body 905 may assist in the field
of vision tests by allowing the light from the one or more LEDs to be seen 1 a predetermined way.
For example, the body 915 may reduce the dispersion of the light so that a more accurate evaluation
of field of vision may be determined. The closure plate 930 may assist 1n securing the transparent
protective film 920 and the assembly printed circuit board 925 between the body 915 and the
closure plate 930. Additionally, the two magnet binders 935 may assist in securing the mask msert
905 to the vision testing device 105. The field of vision test (perimetry test) may be administered
in sections. More specifically, one or more LEDs may be activated to display light through one or
mor¢ of the plurality of holes, and then wait a predetermined amount of time for the test subject’s
response. If the test subject answers, wherein the answer can be predetermined input on the second
digital display 210, for example, within the predetermined amount of time, the vision testing system
may record a correct response. However, 1f the test subject does not answer within the
predetermined amount of time, the vision testing system 105 may record that the test subject did not
see light displayed during that section of the field of vision test. After a section of the ficld of

vision test has been completed, the next section of the test can be administered, and so on until the
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test has ended. The test may end after two incorrect responses, for example. Additionally, the
locations at which the light 1s displayed through one or more of the plurality of holes 1in the mask
msert 905 for a given section of the ficld of vision test may be randomized to prevent the test
subject from attempting to anticipate where the light will be displayed for a subsequent section of
the ficld of vision test.

[0069] Additionally, the times at which the LEDs are activated such that light can be seen through
one or more of the plurality holes may be randomized to prevent false positives. For example, the
test subject may not be able to see light through one of the plurality of holes, but still provide an
iput corresponding to having seen the light in that particular section of the test. By randomizing
the timing at which the field of vision test progresses, false positives can be reduced. As a result,
the test subject may need to provide an answer within a predetermined amount of time, by
providing a predetermined mput such as tapping on the second digital display 210, for example,
betore the vision testing device 105 determines that the test subject did not see light from the one or
more predetermined holes at that section of the field of vision test.

[0070] Based on the predetermined positions of the plurality of holes 1n the mask 1nset 905, the
mask 1msert 905 may be able to administer vertical peripheral vision tests as part of the field of
vision tests. As a result, results for horizontal and vertical peripheral vision may be provided by the
vision testing device 105 when using the mask msert 905. The mask msert 9035 may also
administer field of vision tests in conjunction with the LED pair 220a, 220b.

[0071] The mask msert 905 may also include a power cord that can be electrically coupled to a
portion of the vision testing device 105 to provide power for the mask msert 905 which could
power the one or more LEDs, for example.

[0072] Fig. 9C depicts light positions 940 1in the mask msert 905 according to one or more aspects
of the disclosed subject matter. The light positions 940 can be placed 1n several predetermined
positions wherein the positions are optimized for administering a field of vision test. For example,
for cach of a right and a left eye piece, tour light positions 940 can be at ten degrees radially from a
center point, six light positions 940 can be placed at twenty degrees radially from the center point,
and eight light positions 940 can be placed at thirty degrees radially from the center point. The
center point can be a point at a center of each of a left eye piece and a right eye piece. The light
positions 940 of 60 through 100 degrees can correspond to the positions of the lights in the LED
pair 220a, 220b. Additionally, the light positions 940 corresponding to 45 degrees can be
configured to be included with the vision testing device 105. The field of vision tests can be
performed manually where the operator decides which light position 940 will be turned on. The

light at the selected light positions 940 may be turned on brietly, such as for 300 milliseconds, for
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example. Alternatively, the field of vision test can be administered automatically wherein the lights
in the light positions 940 may be turned on randomly, included no light being turned on at times.
The test subject may be directed to provide mput via the second portion of the digital display 210,
for example, each time the test subject sees a light. The lights that have been seen by the test
subject can be recorded, as well as how many the test subjected provided mput when no light was
turned on.

[0073] The system 100 includes several advantages regarding its wide range of applications,
robustness, and significant time and cost savings. One¢ example 1s the many advantages the system
100 can provide the military. For example, the system 100 can make use of the auto-mode to
robustly test recruits as they enter basic training. This can save time and money by automating an
eye exam portion of the general screening process via a protocol, for example, where a plurality of
tests can be administered automatically while the system 100 can store scores associated with each
test subject. Another example within the military could be vision tests for pilots. Pilots require
excellent vision, and the status of their vision can be the difference in the pilot being able to
continue flying or no longer being able to fly. This situation can put tremendous stress on an
operator/optometrist. The system 100 provides robust and objective vision testing where an
operator may be subject to pressure and/or bias.

[0074] Another advantage 1s that the system 100 can administer vision tests to recruits who may
not be fluent in English because the system 100 can be configured to display visual mstructions as
well as reframning from proceeding with vision tests 1f the test subject does not understand the
instructions. In traditional examinations, verbal/audio mstructions could lead to errors in
understanding which can generate more bias. These advantages are not limited to the military.
[0075] Further, the system 100 may provide many advantages to eye care professionals. Vision
screening 18 used by eye care professionals to get a quick assessment of patient visual performance
under various conditions mcluding monocular which can focus on a left or right eye, binocular,
night, day, far, near, intermediate, under glare, and the like. The purpose of the vision screening for
the test subject may include sports/athletics, F.A A. license, trouble reading, trouble seeing at night,
and the like.

[0076] Idcally, the vision screening tests are as quick as possible, such as 1 to 2 minutes, for
example, as the eye doctor will most likely conduct a thorough eye exam with refraction 1n addition
to the screening tests. Thercfore, the screening tests can serve as a starting point and/or to check

specitic conditions including glare, night/day, color, contrast, and the like.
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[0077] The auto-mode can also include additional advantages. The auto-mode can be quick,
accurate, non-operator dependent, non-voice dependent, and can be incorporated n the digital
platform.

[0078] Typically, automatic modes use a ssmple “yes” button, which could correspond to clicking
on a screen or a mechanical answer button, for example. The system has to ask, “If you se¢ an ‘A’
press the button, if you see a ‘B’ press the button.” There may be a 5 second delay betore
considering the answer 18 “no”. This can lead to mistakes of understanding in letter recognition,
such as P & B sounding the same, and a patient can give a false positive or negative.

[0079] Alternatively, the system 100 can provide an improved way to interact with the patient.
Instead of a “yes” answer to a complex question, 1t displays standard C Landolt or E Landolt and
asks 1n which direction it opens, for example. Test subjects can swipe on the digital display,
wherein the digital display can be the second portion of the digital display 210, for example, 1n the
direction of the opening, thereby reducing the misunderstanding on letters and providing four
possible answers instead of a simple binary answer. Therefore, the system 100 can reduce wrong
answers while saving time 1 performing the protocol.

[0080] Other advantages of the auto-mode include fully embedding the auto-mode 1n the system
100 so the auto-mode can benefit from all the functionality and features of the vision tests including
light conditions, depth perception, distances, visual acuity, color, contrast, and the like.
Additionally, 1t 1s robust and controlled which sets it apart from traditional charts.

[0081] More specifically, non-operator dependent can correspond to the test subject self-
administer the vision test via the system 100, which can save time and improve the etfficiency of the
patient flow within an eye care practice, for example. The vison testing devices 105 can be
mstalled 1n the pre-screening room and/or the dispensing area, saving valuable time for the doctor
in the exam lane, for example. It can also remove subjectivity and/or bias from the operator,
thereby allowing for a more objective result.

[0082] More specifically regarding the non-audio dependent advantages, preliminary mstructions
may be given in three different ways including voice, text, and pictograms as a trial test. Therefore
the patient 1s guided 1n how to perform the test and there 1s always an instruction that the test
subject can understand, regardless of language, hearing, and/or reading capacities. The vision test
process does not start until the trial test 1s answered correctly to ensure understanding. Once the
vision test starts, the test can be administered automatically without further istructions. The non-
audio dependent testing may be advantageous for deaf patients.

[0083] Another advantage of the system 100 1s that the test protocols used in the auto-mode can be

configured by building a protocol with a plurality of tests. Once a test protocol 1s launched, 1t can



10

15

20

25

30

CA 03036097 2015-03-06

WO 2018/050297 17 PCT/EP2017/057132

progress independently and automatically, recording the test subject’s answers. For example, in the
C-Landolt acuity test, each time the test subject answers correctly by swiping in the right direction,
the next C-Landolt 1s automatically displayed with a smaller acuity. When answered incorrectly,
the vision testing device 105 goes back to the previous acuity level. If answered twice icorrectly
for the same level, the process stops and move to the next test.

[0084] The follow advantages can be considered even further. The vision testing system 100 18
non-operator dependent. Therefore, the system 100 18 more objective by removing subjective
interaction with an operator. It also saves time so the operator can perform other tasks, thereby
increasing productivity and reducing operating costs.

[0085] Because the system 100 can be non-voice dependent, any bias linked with audio
recognition, such as “P” and “B” sounding similar, for example, may be removed, thereby causing
fewer errors and providing more accuracy.

[0086] The speed at which the vision tests can be administered can be significantly increased based
on automatic shide progression, instant recording of answers, fewer questions needed, and the like.
[0087] Additionally, benefits from all the features and functions of the vision testing devices 105
include a plurality of types of test and types of conditions.

[0088] Further, significant customization 1s available. For example, pre-programmed protocols,
wherein protocols can be a plurality of tests administered 1n succession, including the various
conditions options can fit practice and patient needs.

[0089] The system 100 1s also robust. For example, the totality of the second digital display 210
can be used to “swipe”. More specifically, it 1s the direction of the swipe that 1s considered rather
than clicking on a screen area of buttons. The swipe movement can be long enough to fill up 3
progression bars, wherein the 3 progression bars can correspond to response zones in the response
indicator 305, 310, 315, 320, for example, which can avoid errors associated with just “clicking”.
Only when the response indicator 1s full, such as the response indicator 315, for example, the
answer 1s validated and confirmed. If the test subject has second thoughts, the test subject can stop
the movement before completing the swipe in another direction.

[0090] Next, a hardware description of the remote device 120 according to exemplary
embodiments 1s described with reference to Fig. 10. It should be appreciated that the hardware
description may apply to the server 125 and the vision testing device 105. In Fig. 10, the remote
device 120 mncludes a CPU 1000 which performs the processes described above/below. The
process data and mstructions may be stored in memory 1002. These processes and mstructions
may also be stored on a storage medium disk 1004 such as a hard drive or portable storage medium

or may be stored remotely. Further, the claimed advancements are not limited by the form of the
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computer-readable media on which the instructions of the inventive process are stored. For
example, the mstructions may be stored on CDs, DVDs, in FLASH memory, RAM, ROM, PROM,
EPROM, EEPROM, hard disk or any other information processing device with which the remote
device 120 communicates, such as a server or computer.

[0091] Further, the claimed advancements may be provided as a utility application, background
daecmon, or component of an operating system, or combination thereof, executing in conjunction
with CPU 1000 and an operating system such as Microsoft Windows 7, UNIX, Solaris, LINUX,
Apple MAC-0OS and other systems known to those skilled 1n the art.

[0092] The hardware clements 1in order to achicve the remote device 120 may be realized by
various circuitry e¢lements, known to those skilled 1n the art. For example, CPU 1000 may be a
Xenon or Core processor from Intel of America or an Opteron processor from AMD of America, or
may be other processor types that would be recognized by one of ordinary skill in the art.
Alternatively, the CPU 1000 may be implemented on an FPGA, ASIC, PLD or using discrete logic
circuits, as on¢ of ordinary skill in the art would recognize. Further, CPU 1000 may be
implemented as multiple processors cooperatively working in parallel to perform the instructions of
the mventive processes described above.

[0093] The remote device 120 1n Fig. 10 also includes a network controller 1006, such as an Intel
Ethernet PRO network iterface card from Intel Corporation of America, for interfacing with
network 130. As can be appreciated, the network 130 can be a public network, such as the Internet,
or a private network such as an LAN or WAN network, or any combination thereof and can also
include PSTN or ISDN sub-networks. The network 130 can also be wired, such as an Ethernet
network, or can be wireless such as a cellular network including EDGE, 3G and 4G wireless
cellular systems. The wireless network can also be WiF1, Bluetooth, or any other wireless form of
communication that 1s known.

[0094] The remote device 120 further includes a display controller 1008, such as a NVIDIA
GeForce GTX or Quadro graphics adaptor from NVIDIA Corporation of America for interfacing
with display 1010, such as a Hewlett Packard HPL.2445w LCD monitor. A general purpose 1/0
interface 1012 interfaces with a keyboard and/or mouse 1014 as well as a touch screen panel 1016
on or separate from display 1010. General purpose I/O interface also connects to a variety of
peripherals 1018 including printers and scanners, such as an OfficeJet or DeskJet from Hewlett
Packard.

[0095] A sound controller 1020 1s also provided 1n the remote device 120, such as Sound Blaster
X-F1 Titantum from Creative, to mterface with speakers/microphone 1022 thereby providing

sounds and/or music.
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[0096] The general purpose storage controller 1024 connects the storage medium disk 1004 with
communication bus 1026, which may be an ISA, EISA, VESA, PCI, or similar, for interconnecting
all of the components of the remote device 120. A description of the general features and
functionality of the display 1010, keyboard and/or mouse 1014, as well as the display controller
1008, storage controller 1024, network controller 1006, sound controller 1020, and general purpose
I/0 mterface 1012 1s omitted herein for brevity as these features are known.

[0097] Morcover, the present disclosure 1s not limited to the specific circuit elements described
herein, nor 18 the present disclosure limited to the specific sizing and classification of these
clements. For example, the skilled artisan will appreciate that the circuitry described herein may be
adapted based on changes on battery sizing and chemistry, or based on the requirements of the
intended back-up load to be powered.

[0098] The functions and features described herein may also be executed by various distributed
components of a system. For example, one or more processors may execute these system
functions, wherein the processors are distributed across multiple components communicating 1in a
network. The distributed components may include one or more client and server machines, which
may share processing, in addition to various human interface and communication devices including
display monitors, smart phones, tablets, personal digital assistants, and the like. The network may
be a private network, such as a LAN or WAN, or may be a public network, such as the Internet.
Input to the system may be received via direct user input and received remotely either in real-time
or as a batch process. Additionally, some implementations may be performed on modules or
hardware not 1dentical to those described. Accordingly, other implementations are within the scope
that may be claimed.

[0099] The above-described hardware description 1s a non-limiting example of corresponding
structure for performing the functionality described herein.

[00100] (1) A vision testing system, comprising a vision testing apparatus including a light-
occluding casing, a viewing station coupled to the light-occluding casing, a first digital display
housed within the light-occluding casing, a second digital display external to the hight-occluding
casing that 1s configured to receive touch-based mput, and processing circuttry configured to
display on¢ or more predetermined vision tests via the first digital display, receive input via the
second digital display, the second digital display having a plurality of response indicators, cach
response indicator having a plurality of response zones, wherein the second digital display records a
response upon selection of each of the response zones of a respective response indicator, and
determine results for the one or more predetermined vision tests based on the mput received via the

second digital display;
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[00101] (2) The vision testing system of claim (1), wherein the processing circuitry 1s further
configured to transmit the results of the one or more vision tests to a remote device communicably
coupled to the vision testing apparatus.

[00102] (3) The vision testing system of claim (1)-(2), wherein the second digital display 1s
configured to detect a swipe mnput, the swipe input being based on direction and length, wherein the
length of the swipe 1s sufficient to select cach of the response zones of the respective response
indicator.

[00103] (4) The vision testing system of claim (1)- (3), wherein the processing circuitry 1s further
configured to administer one or more vision tests, wherein administering one or more of the vision
tests includes displaying one or more predetermined shapes 1in a predetermined orientation a
predetermined number of times, recerving mput from the second digital display corresponding to a
direction of an orientation of the one or more predetermined shapes for cach time the one or more
predetermined shapes in the predetermined orientation 1s displayed, transmitting a result of one or
more of the vision tests to the remote device.

[00104] (5) The vision testing system of claim (1)- (4), wherein the indication of the direction of
the orientation of the one or more predetermined shapes via the second digital display includes one
or more of a touch on a predetermined location of the second digital display corresponding to the
orientation and a swipe from a first location on the second digital display toward a second location
on the second digital display.

[00105] (6) The vision testing system of claim (1)- (5), wherein the processing circuitry 1s further
configured to administer a phoria test, wherein administering the phoria test includes displaying a
first bracket seen by a left eye, the first bracket forming a 90° angle starting at 90° and ending at
180°, and a second bracket seen by a right eye, the second bracket forming a 90° angle starting at
2770° and ending at 360°, when recerving no mput via the second digital display after a
predetermined amount of time when the first bracket and the second bracket align to form a
predetermined shape, transmitting a result to the remote device, the result corresponding to the
phoria test indicating that no phoria 1s detected, and when receiving input via the second digital
display corresponding to shiding a finger 1n one or more directions on the second digital display,
wherein shiding the finger 1n one or more directions corresponds to an attempt to line up the first
bracket and the second bracket to form the predetermined shape, transmitting lateral and vertical
phoria values to the remote device, the lateral and vertical phoria values being based on the distance
the first and second bracket traveled to form the predetermined shape;

[00106] (7) The vision testing system of claim (1)- (6), wherein the lateral and vertical phoria

values have a precision of 0.1 diopter.
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100107] (8) A method of administering vision tests, comprising: displaying one or more
predetermined vision tests via a first digital display, the first digital display being housed 1n a light-
occluding casing; receiving mput via a second digital display, the second digital display being
external to the light-occluding casing, the second digital display having a plurality of response
indicators, cach response mdicator having a plurality of response zones, wherein the second digital
display records a response upon selection of cach of the response zones of a respective response
indicator; and determining, via processing circuitry, results for the one or more predetermined
vision tests based on the mput received via the second digital display.

[00108] (9) The method of claim (8), further comprising: transmitting the results of the one or
more vision tests to a remote device communicably coupled to a vision testing apparatus, the vision
testing apparatus including the first digital display and the second digital display.

[00109] (10) The method of claim (¥)-(9), wherein the one or more predetermined vision tests
include preliminary tests, refractive tests, non-refractive tests, a horizontal peripheral vision test,
HOTYV tests, road sign recognition, and Allen tests.

[00110] (11) The method of claim (8)-(10), wherein the second digital display further comprises:
detecting a swipe mput, the swipe mput being based on direction and length, wherein the length of
the swipe 1s sutficient to select cach of the response zones of the respective response indicator.
[00111] (12) The method of claim (8)-(11), further comprising administering on¢ or more vision
tests, wherein administering one or more of the vision tests includes displaying one or more
predetermined shapes in a predetermined orientation a predetermined number of times, receiving
iput from the second digital display corresponding to a direction of an orientation of the one or
more predetermined shapes for each time the one or more predetermined shapes in the
predetermined orientation 1s displayed, transmitting a result of one or more of the vision tests to the
remote device.

[00112] (13) The method of claim (8)-(12), wherein the indication of the direction of the
orientation of the one or more predetermined shapes via the second digital display includes one or
more of a touch on a predetermined location of the second digital display corresponding to the
orientation and a swipe from a first location on the second digital display toward a second location
on the second digital display.

[00113] (14) The method of claim (8)-(13), further comprising administering a phoria test, wherein
administering the phoria test includes displaying, on the first digital display, a first bracket seen by
a left eye, the first bracket forming a 90° angle starting at 90° and ending at 180°, and a second
bracket seen by a right eye, the second bracket forming a 90° angle starting at 270° and ending at

360°, when recerving no mput via the second digital display after a predetermined amount of time
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when the first bracket and the second bracket align to form a predetermined shape, transmitting a
result to the remote device, the result corresponding to the phornia test indicating that no phoria 1s
detected, and when receiving input via the second digital display corresponding to shiding a finger
in on¢ or more directions on the second digital display, wherein shiding the finger 1n one or more
directions corresponds to an attempt to line up the first bracket and the second bracket to form the
predetermined shape, transmitting lateral and vertical phoria values to the remote device, the lateral
and vertical phoria values being based on the distance the first and second bracket traveled to form
the predetermined shape.

[00114] (15) The method of claim (8)-(14), wherein the lateral and vertical phoria values have a
precision of 0.1 diopter.

[00115] (16) The vision testing system of claim (1)-(7) wherein the second digital display records
a response only upon selection of each of the response zones of a respective response mdicator.
[00116] (17) The method of claim (8)-(15), further comprising: recording a response only upon
selection of each of the response zones of a respective response indicator.

[00117] (18a) The vision testing system of claim (1)-(7), wherein the one or more predetermined
vision tests include preliminary tests, refractive tests, non-refractive tests, a horizontal peripheral
vision test, HOTYV tests, road sign recognition, and Allen tests.

[00118] (18b) The vision testing system of claim (16), wherein the one or more predetermined
vision tests include preliminary tests, refractive tests, non-refractive tests, a horizontal peripheral
vision test, HOTYV tests, road sign recognition, and Allen tests.

[00119] (19) A non-transitory computer-readable storage medium storing computer readable
istructions that, when executed by a computer, cause the computer to perform the method,
comprising: displaying one or more predetermined vision tests via a first digital display, the first
digital display being housed 1n a light-occluding casing; receiving mput via a second digital
display, the second digital display being external to the light-occluding casing, the second digital
display having a plurality of response indicators, cach response indicator having a plurality of
response zones, wherein the second digital display records a response upon selection of each of the
response zones of a respective response indicator; and determining results for the one or more
predetermined vision tests based on the iput received via the second digital display.

[00120] (20) The non-transitory computer-readable storage medium of (19), further comprising
administering a phoria test, wherein administering the phoria test includes displaying, on the first
digital display, a first bracket seen by a left eye, the first bracket forming a 90° angle starting at 90°
and ending at 180°, and a second bracket seen by a right eye, the second bracket forming a 90°

angle starting at 270° and ending at 360°, when receiving no input via the second digital display
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after a predetermined amount of time when the first bracket and the second bracket align to form a
predetermined shape, transmitting a result to the remote device, the result corresponding to the
phoria test indicating that no phoria 1s detected, and when receiving input via the second digital
display corresponding to sliding a finger in one or more directions on the second digital display,
wherein shiding the finger 1n one or more directions corresponds to an attempt to line up the first
bracket and the second bracket to form the predetermined shape, transmitting lateral and vertical
phoria values to the remote device, the lateral and vertical phoria values being based on the distance
the first and second bracket traveled to form the predetermined shape.

[00121] (21) The non-transitory computer-readable storage medium of (19)-(20), wherein the
lateral and vertical phoria values have a precision of 0.1 diopter.

[00122] (22) The non-transitory computer-readable storage medium of (19)-(21), further
comprising administering one or more vision tests, wherein administering one or more of the vision
tests includes displaying one or more predetermined shapes n a predetermined orientation a
predetermined number of times, recerving mput from the second digital display corresponding to a
direction of an orientation of the one or more predetermined shapes for each time the one or more
predetermined shapes in the predetermined orientation is displayed, transmitting a result of one or
more of the vision tests to the remote device.

[00123] (23) The non-transitory computer-readable storage medium of (19)-(22), wherein the
indication of the direction of the orientation of the one or more predetermined shapes via the
second digital display includes one or more of a touch on a predetermined location of the second
digital display corresponding to the orientation and a swipe from a first location on the second
digital display toward a second location on the second digital display.

[00124] (24) The vision testing system of (1)-(7), (16), and (18), wherein the plurality of response
zones 1n ¢ach response mndicator are aligned 1n a cardinal direction.

[00125] (25) The method of (8)-(15) and (17), wherein the plurality of response zones 1n each
response mdicator are aligned 1n a cardinal direction.

[00126] (26) The non-transitory computer-readable medium of (19)-(23), wherein the plurality of
response zones 1n cach response indicator are aligned in a cardinal direction.

[00127] (27) The vision testing system of (1)-(7), (16), (18), and (24), wherein content displayed
via the first digital display changes i response to mput from the second digital display.

00128] (28) The method of (8)-(15), (17), and (25), wherein content displayed via the first digital
display changes 1n response to mnput from the second digital display.

[00129] (29) The non-transitory computer-readable medium of (19)-(23) and (26), wherein content
displayed via the first digital display changes 1n response to input from the second digital display.
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100130] (30) The vision testing system of (1)-(7), (16), (18), (24), and (27), wherein the first digital
display and the second digital display are predetermined portions of one digital display.

100131] (31) The method of (8)-(15), (17), (25), and (28) wherein the first digital display and the
second digital display are predetermined portions of one digital display.

[00132] (32) The non-transitory computer-readable medium of (19)-(23) (26), and (29), wherein
the first digital display and the second digital display are predetermined portions of one digital
display.

[00133] (33) The vision testing system of (1)-(7), (16), (18), (24), (27), and (30), wherein the
second digital display 1s a touchpad.

[00134] (34) The vision testing system of (1)-(7), (16), (18), (24), (27), (30), and (33), wherein the
vision testing apparatus includes a mask insert removably coupled to the viewing station, the
removable mask msert being configured for a vertical peripheral vision test.

[00135] (35) The method of (8)-(15), (17), (25), (28), and (31), wherein the one or more vision
tests include a vertical peripheral vision test, wherein the vertical peripheral vision test includes a
removable mask msert.

[00136] (36) The non-transitory computer-readable medium of (19)-(23) (26), (29), and (32),
wherein the one or more vision tests include a vertical peripheral vision test, wherein the vertical
peripheral vision test includes a removable mask 1nsert.

[00137] (37) The vision testing system of (1)-(7), (16), (18), (24), (27), (30), (33), and (34)
wherein the one or more vision tests include a visual acuity test, a color test, and a contrast test.
[00138] (38) The method of (8)-(15), (17), (25), (28), and (35), wherein the one or more vision
tests include a visual acuity test, a color test, and a contrast test.

[00139] (39) The non-transitory computer-readable medium of (19)-(23) (26), (29), (32), and (36),
wherein the one or more vision tests include a visual acuity test, a color test, and a contrast test.
[00140] Having now described embodiments of the disclosed subject matter, 1t should be apparent
to those skilled 1n the art that the foregoing 1s merely 1llustrative and not limiting, having been
presented by way of example only. Thus, although particular configurations have been discussed
herein, other configurations can also be employed. Numerous modifications and other
embodiments, such as combinations, rearrangements, and the like, for example, are enabled by the
present disclosure and are within the scope of one of ordinary skill 1n the art and are contemplated
as falling within the scope of the disclosed subject matter and any equivalents thereto. Features of
the disclosed embodiments can be combined, rearranged, omitted, etc., within the scope of the
invention to produce additional embodiments. Furthermore, certain features may sometimes be

used to advantage without a corresponding use of other features. Accordingly, Applicant(s)
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intend(s) to embrace all such alternatives, modifications, equivalents, and variations that are within

the spirit and scope of the disclosed subject matter.
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CLAIMS
1. A vision testing system, comprising:

a vision testing apparatus mcluding
a light-occluding casing,

a viewing station coupled to the light-occluding casing,
a first digital display housed within the light-occluding casing,
a second digital display external to the light-occluding casing that 1s configured to
recetve touch-based mnput, and
processing circuitry configured to
display one or more predetermined vision tests via the first digital
display,
recerve mput via the second digital display, the second digital display
having a plurality of response indicators, cach response indicator having a
plurality of response zones, wherein the second digital display records a
response upon sclection of cach of the response zones of a respective
response indicator, and
determine results for the one or more predetermined vision tests
based on the mput recerved via the second digital display.
2. The vision testing system of claim 1, wherein the processing circuitry 18 further
configured to
transmit the results of the one or more vision tests to a remote device communicably
coupled to the vision testing apparatus.
3. The vision testing system of claim 1, wherein the second digital display 1s configured to
detect a swipe mput, the swipe mput being based on direction and length, wherein the length of the

swipe 18 sufficient to select cach of the response zones of the respective response indicator.
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4. The vision testing system of claim 1, wherein the processing circuitry 1s further
configured to administer one or more vision tests, wherein administering one or more of the vision
tests includes

displaying one or more predetermined shapes 1n a predetermined orientation a
predetermined number of times,

receiving mput from the second digital display corresponding to a direction of an
orientation of the one or more predetermined shapes for each time the one or more
predetermined shapes 1n the predetermined orientation 1s displayed,

transmitting a result of one or more of the vision tests to the remote device.

5. The vision testing system of claim 4, wherein the indication of the direction of the
orientation of the one or more predetermined shapes via the second digital display includes one or
more of a touch on a predetermined location of the second digital display corresponding to the
orientation and a swipe from a first location on the second digital display toward a second location
on the second digital display.

6. The vision testing system of claim 1, wherein the processing circuitry 1s further
configured to administer a phoria test, wherein administering the phoria test includes

displaying a first bracket seen by a left eye, the first bracket forming a 90° angle
starting at 90° and ending at 180°, and a second bracket seen by a right ¢ye, the second
bracket forming a 90° angle starting at 270° and ending at 360°,

when recerving no mput via the second digital display after a predetermined amount
of time when the first bracket and the second bracket align to form a predetermined shape,
transmitting a result to the remote device, the result corresponding to the phoria test
indicating that no phoria 1s detected, and

when recerving input via the second digital display corresponding to sliding a finger
in one or more directions on the second digital display, wherein sliding the finger 1n one or

more directions corresponds to an attempt to line up the first bracket and the second bracket
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to form the predetermined shape, transmitting lateral and vertical phoria values to the
remote device, the lateral and vertical phoria values being based on the distance the first and

second bracket traveled to form the predetermined shape.

7. The vision testing system of claim 6, wherein the lateral and vertical phoria values have a

precision of 0.1 diopter.
8. A method of administering vision tests, comprising:
displaying one or more predetermined vision tests via a first digital display, the first
digital display being housed mn a light-occluding casing;
receiving input via a second digital display, the second digital display being external
to the light-occluding casing, the second digital display having a plurality of response
indicators, cach response indicator having a plurality of response zones, wherein the second
digital display records a response upon selection of cach of the response zones of a
respective response indicator; and
determining, via processing circuitry, results for the one or more predetermined
vision tests based on the mput received via the second digital display.

9. The method of claim &, further comprising:

transmitting the results of the one or more vision tests to a remote device
communicably coupled to a vision t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>