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The questions:

What do I see in testing?

Why do I think it matters?  Tell me about symptoms.

If I change what I see in testing, do symptoms change?

If I change what I see in testing, does it stay fixed?

If what I see in testing matters, can I predict someone will 
have a problem if they show what I see in testing?

Can I explain what I see in testing?  How 
does it happen - neurologically?

*********************

How do we explain motion sensitivity in the presence of ICS? 

If under binocular conditions vision for either 
eye is not sustained, that’s a suppressionOld:

Introduction
Paradigm shift

mechanism = Diplopiaphobia and cortical inhibition

New: The 4th Dimension Time
Sustaining Visual Sensation over Time

mechanism = M-signal at LGN (facilitation) as the 
foundation for P-

apparently the cortex can only respond to diplopia in the early years

This is a diagnostic instrument…
for evaluating visual sensation over time

Stated positively: 

Intermittent visual sensation over time

Stated negatively: 

Intermittent central suppression (ICS)

The Diagnosis

IVSOT??

Introduction

intermittent lack of visual 
sensation

without strabismus or amblyopia*

Intermittent central suppression (ICS)

The Diagnosis
Introduction

without strabismus or amblyopia*

NOT new

Louis Jaques, 1950 - (the father of binasals)

The first order of business is to fix the suppression

“Suspension of central vision whereby one macula ceases to see...”

“Suspension of vision is usually the first and most important 
consideration.  This is handled through...training”

Intermittent central suppression (ICS)

The Diagnosis
Introduction

without strabismus or amblyopia*

NOT new

Strauss RJ,Immerman AS.The relation of macular suppression and other normal binocular 
visual functions to reading underachievement, Parts I-IV. Rev Optom (Part I) 1964;101:31-4. 
(Part II) 1964;101:25-32; (Part III) 1964;101:27-34 (Part IV) 1965;102:25-32.  

Annapole L. Visual skills survey of dyslexic students. J Am Optom Assoc 1967;38:853-9.  

Safra D. Die orthoptische Legastheniebehandlung (Abstract: The orthoptic treatment of 
legasthenia). Klin Mbl Augenheilk 1992;200:612-3.  

What we’re after:

Temporal Competence in Visual Sensation

Sensation is neurology

Neurology supports the sensory defect (ICS) as a primary 
defect, not a secondary defect

Lack of development, or from injury (whiplash)

Paradigm shift
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NOW, explain it!

Brought to you by Routine Testing

Introduction
The only two things I want you to learn

1 Respect for visual sensation over time
It Matters
You can diagnose it
You can correct it

2 The brain’s desire for accurate information

Thinking requires energy…
lots of energy
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The mechanisms by which cataract 
surgery and lessened dementia risk 

are associated weren’t determined in 
this study, a news release said.  

Researchers hypothesize that people 
might be getting higher-quality 

sensory input after cataract surgery, 
which might have a beneficial effect in 

reducing the risk of dementia.

Fixation
Fixation is the necessary pause in saccadic motor 
activity during which visual information such as 
print on a page can be sent to the visual cortex. 

foveation necessary for encoding into visual long-term memory

Geringswald, Porracin, & Pollmann. Journal of Vision 2016.

“Anything that interferes with the foveal coordination shortens the span of 
attention and interferes with the [visual] memory process.”

“…foveal coordination is the nucleus of our learning process and our visual learning.”

Reudemann. Foveal Coordination and the Learning Process 1957

Who’s on First?  Is it fixation that 
drives sensation?  Or is it sensation 
that controls fixation?

Maybe the newspaper isn’t all that far ahead…



Dealing with the fascination of amblyopiaEvery now and then something happens that feels pretty good.  This is the email 
message I got from ResearchGate on May 29.  What it means is this paper has 
had 3000 research-type people from around the world who have looked at it.  
Normally it looks like most of the papers from me or anyone else can celebrate 

50 or 100 “reads.”  3,000 is crazy.  That shows a lot of interest in how vision and 
neurology develop.  Who knows?  Out of those 3,000 people, maybe one or two 
actually agree with me!  I know, don’t jump to conclusions.  If you’re interested, 
you can access the paper here.  Adding in the other papers makes a total of just 
over 5700 “reads” currently on ResearchGate for our work.

Way to go, Eric!

Your article reached 3,000 reads

Achieved on May 29, 2020

Article: ︎︎︎︎︎︎︎︎︎︎︎ ︎︎︎︎︎︎︎︎︎︎︎︎ ︎︎︎ ︎︎︎︎︎︎︎︎︎︎︎︎Visibility, suppression and implications for downstream visual developmenbt

Eric, you can increase the visibility of your work

Invite your co-authors to conDrm their authorship on ResearchGate
and boost the visibility of your mutual publications.

Washington Spokane · 3 mutual publications

Catherine Johnson · 1 mutual publication

Washington Gayathri Srinivasan · 1 mutual publication

Share on social media

Invite 3 co-authors Remove 3 suggestions View more

Back to proDle

Home 2 More Add new
1 2

Article:   Visibility, suppression and implications for downstream visual development
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Figure 2  Change in acuity summary;  amblyopic eye vs fellow eye, 
logMAR change and decimal change in amblyopic eye

Weeks 0 1 3 6 9 12 

8+ weeks best correction 

No patching or VT 

Study Design: 
Visit Schedule 

Confidential.  Do Not Reproduce or Distribute 

6-month 
Follow-up 

// 

24 

Dispense 

// 

1-2 hours daily wear 
Near work (unrestrictive)  

Reading 

Coloring 

Video games 

etc. 

Eyetronix Flicker Glass™ 

Initial 
Exam 

Final Tx 
Exam 

Follow-up visits 

Figure 1  Visit protocol for the Eyetronix Flicker Glass Clinical Study

Eyetronix Flicker Glass 
Clinical Study

two newer studies rapid alternation vs 
patching  

both, no difference in acuity change  
newer paper contrast sensitivity and 

stereo improved with rapid alternation

our study - 23 kids and 
3/4 of them had already 

been patched

Dealing with the fascination 
of amblyopia

great compliance 
ARVO poster

results ARVO poster
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Figure 7  decrease in zero-stereopsis pre- to post therapy
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Figure 8  visit-to-visit changes in zero-stereopsis responses

Eyetronix Flicker Glass Clinical Study

Older kids, 3/4 prior patching

Stereopsis was a real win

The first China study:

information on strabismus is vague

younger kids

patching slightly better, including 
contrast sensitivity

The 2nd China study:

both improved Titmus  stereo

coin flip on acuity

Titmus stereo and high spatial frequency 
contrast sensitivity a win for rapid alternation
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Is there a take-home?

2% vs 20%

Maybe there’s a use for patching early?

No mention of real-world stereo

But wait!  No one has matched Lucy.

Development of Stereopsis Using Eyetronix Flicker Glass™ to Treat Amblyopia in 
Congenital Unilateral Post-Cataract-Surgery Aphake 

 
Eric S. Hussey, OD, FCOVD  Spokane, WA  USA 

Abstract	
				

Background			
Early	or	congenital	cataract	is	typically	treated	
with	early	surgery,	commonly	without	
pseudophakic	implants.		Surgery	is	o9en	followed	
with	patching	and	op;cal	correc;on,	including	
extended	wear	contact	lenses.		Some	level	of	
amblyopia	is	expected	to	persist	depending	on	
how	early	surgery	is	performed	and	what	post-
surgical	therapies	are	accomplished.	

	

Case	Summary			
As	a	parallel	case	study	to	the	Eyetronix	Flicker	
Glass™	Amblyopia	Treatment	Study,	a	5-year	
old	white	female	unilateral	(post-surgical)	
aphake	was	treated	with	the	novel	therapy.		

Eyetronix	Flicker	Glass™	are	glasses	with	liquid	
crystal	lenses	that	rapidly	alternate	occlusion	
between	the	two	eyes	at	a	prescribed	“flicker”	
frequency.	The	subject	had	been	previously	
fiNed	with	an	extended	wear	pediatric	aphakic	
contact	lens	and	had	been	faithfully	patching	
for	4	hours	daily.			

In	this	case	study,	the	subject	wore	Eyetronix	
Flicker	Glass™	for	near	ac;vi;es	(e.g.,	coloring)	
for	1-2	hours	daily	for	a	12-week	treatment	
period.	Given	posi;ve	results	and	strong	
interest	in	con;nuing	treatment	by	the	subject,	
parents	and	doctor,	therapy	was	extended	for	
an	addi;onal	12	weeks.			

Acuity	in	the	amblyopic	aphakic	eye	has	
improved	from	LogMAR	0.34	to	0.26.		In	
addi;on,	stereopsis	has	improved	from	<500	
seconds	(no	response	on	stereo	tests)	to	a	
reliable	63	arcseconds	(Random	dot	2).	

In	addi;on	to	being	considered	“a	treat”	
compared	to	4	hours	daily	patching,	Eyetronix	
Flicker	Glass™	therapy	improved	visual	acuity	
and	stereopsis	beyond	what	had	been	aNained	
with	conven;onal	patching.		This	novel	therapy	
holds	promise	in	trea;ng	early	post-surgical	
aphakic	amblyopia	by	improving	binocular	
vision,	improving	visual	acuity,	and	being	well-
accepted	during	use.	

A	Li7le	Girl’s	Story	
Subject	was	born	in	August	2008	with	a	congenital	central	cataract	OD.		From	4	months	of	age	un;l	she	
entered	this	case	study	at	5	years,	her	parents	patched	her	faithfully	4	hours	per	day	with	absolute	
compliance.	
Surgery	making	the	right	eye	aphakic	was	done	in	February	2010.		She	received	two	different	so9	contact	
lens	powers,	+20.00	and	+23.00.		These	were	worn	(and	con;nue	to	be	worn)	as	extended	wear.		
Patching	con;nued.		On	examina;on	in	2013,	our	subject’s	acuity	was	a	variable	20/50	OD.		Her	le9	eye	
con;nued	as	phakic	seeing	20/20.		She	did	not	show	measurable	stereopsis	on	the	Randot	2	test.	

Eyetronix	was	inspired	by	an	extremely	mo;vated	parent	of	a	toddler	with	strabismus	and	amblyopia.			

"Natalie”	had	already	undergone	surgery	to	correct	her	eye	turn	by	age	1,	with	prospects	of	needing	a	
second	surgery,	and	her	father	was	determined	to	find	an	alterna;ve.			

He	no;ced	when	he	covered	either	eye,	his	daughter	would	look	straight	at	him	with	the	uncovered	eye	
–	and	as	he	alternated	which	eye	he	covered,	the	other	would	automa;cally	fixate	on	him.		However,	as	
soon	as	he	uncovered	both	eyes,	one	eye	would	immediately	turn.			

As	an	engineer,	he	reasoned	that	a	simple	wearable	device	could	be	designed	to	provide	rapid	
alterna;ng	occlusion	at	appropriate	frequencies	to	help	her	sustain	this	fixa;on.				

He	approached	a	global	manufacturer	of	ac;ve	3D	glasses,	and	working	together	with	a	VT	OD,	an	early	
prototype	of	Eyetronix	Flicker	Glass™	was	born.			 		

SNAPSHOT	

Our	Li7le	Girl	Meets	Eyetronix	
The	protocol	for	the	Eyetronix	Flicker	Glass™	
Amblyopia	Treatment	Study	was	reviewed	and	
approved	by	the	New	England	College	of	
Optometry	IRB.		A	separate	IRB	approval	was	
obtained	to	evaluate	this	aphakic	subject	as	a	
case	study.		At	12	weeks,	improvements	were	
encouraging	enough	that	the	family	and	I	sought	
an	extension	to	see	what	further	improvements	
we	might	gain.		Extension	was	granted	and	an	
addi;onal	12	weeks	of	therapy	completed.			

Eyetronix	Flicker	Glass™	

Eyetronix	Story	

Subject	 5	yr	old	female,	congenital	central	cataract	OD;	post-surgery	aphakic	

RefracFve	CorrecFon	 OD:		2	different	extended	wear	so9	CL	,	+20.00	and	+23.00	
OS:		no	correc;on	

Prior	Therapy	 Patching,	4	hours	daily,	age	4	months	to	5	years	with	absolute	compliance	

Eyetronix	Flicker	Glass™									
Therapy	

1-2	hours	daily	wear	
Near	work	(unrestric;ve)	e.g.,	coloring	

Baseline	VA	 OD:		variable	20/50	
OS:		20/20	(phakic)	

Best	Achieved	VA	 OD	20/30-	(amblyopic	eye)	

Baseline	
Stereopsis	

Not	measurable	(>500	sec)	 Best	Achieved	
Stereopsis	

Global	500	sec	
Local	63	sec	

Compliance	 “Piece	of	cake”	

Weeks	 0	 1	 3	 6	 9	 12	

8+	weeks	best	correc;on	
No	patching	or	VT	

Exit	Exam	

//	

24	

//	

Ini;al	Exam	 Extension	

Follow-up	visits	

18	

Compliance	and	Results	
Acuity	improved	as	shown.	
Stereopsis	improved	from	not	testable	to	fairly	
reliable	63	seconds	local	and	a	global	response	
at	500	seconds.			
At	12	weeks,	our	subject	showed	a	real-world	
stereo	response	in	reaching	for	a	pitcher	of	milk.		
An	excited	Mom	called	us.		
When	asked	about	compliance,	Dad’s	response	
was	“Are	you	nuts?		Piece	of	cake	compared	to	
patching!” 
	

*Best results during office visits*!

Future	
Together	with	the	broader	study	of	Eyetronix	
Flicker	Glass™,	presented	at	ARVO	and	during	
the	COVD	research	session	(Thursday,	October	
23,	8-9am),	we	are	encouraged	by	our	
experience	with	this	novel	binocular	approach.	
	

More than two lines??

[Had we not been part of the study] we would still have her faithfully and futilely patching hours a 
day…we patched and patched and faithfully patched.

11/5/2019 email from Lucy’s mom: 

This summer playing softball with the neighbors, hitting ball after ball over the outfielders, and 
running home runs…unhindered by vision complications she should have.

Please rate these visual symptoms for your child, from 1 to 5, 1=never, 5=always

1) Blurry vision at near

2) Double vision

3) Headaches, eyestrain, or discomfort while reading

4) Loses concentration when reading

5) Words run together, jump or swim when reading

6) Skips or repeats lines when reading

7) Avoids near work and reading

8) Dizziness or nausea with near work

9) Head tilt or closes one eye when reading

10) Poor reading comprehension

Figure 11  Questions on reading behavior given to study 
participants or their parents pre- and post-therapy
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Figure 12  Graphic of satisfaction with the therapy and reading symptoms 
that improved

paired T-Test, significant changes p<0.005

Eyetronix Flicker Glass 
Clinical Study
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Is there a take-home?

2% vs 20%

Improving visual sensation to the cortex (acuity and stereopsis 
improved) helps symptoms of reading problems

Seems to me that a key to getting noticed is measurement

The usefulness of data decreases proportionally with the increase in the 
breadth and/or decrease in the specificity of both diagnosis and therapy.

Time of Dropout >>

Overall Development

Period of HOT Neural Development

1 2 3

Loss of Visibility, probably somewhere around the LGN

Macknik & Livingstone 
Nature Neuroscience  1998 

Kotulak & Schor   
Perception 1986

Hussey  Viewpoint OVP 
2018

Cadet, Huang, 
Superstein, Koenekoop, 
Hess. abstract Canadian 

J Ophthalmol 2018

…..somewhere

Another take-home we’ll come back to

Diagnosis of sensory competence over time

2% vs 20%

amblyopia  vs  reading problems

Need to watch sensation with both eyes 
simultaneously over time

Diagnosis of sensory competence over time

Need to watch sensation with both eyes 
simultaneously over time

Dichoptic

Subjective Don’t lead the witness!



Paradigm shift
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If you’re looking for a quick one-shot screening test to 
determine sensory competency over time, you might be at 

the wrong meeting
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ICS - or - IVSOT

Examination of Binocular Visual Sensation 
Over Time with Routine Testing

L
EFT

EYESEES
THISONLY

R
IGHT

EYESEES
THISONLY

RIGHT
EYE
ONLY

LEFT
EYE
ONLY

THESE
LETTERS

ALTERNATE

THESE
LETTERS

BINOCULAR

•

If Both Eyes See 
Simultaneously

R
IGHT

EYESEES
THISONLY

RIGHT
EYE
ONLY

T E E
L T E S

A TE NA E

THESE
LETTERS

BINOCULAR

•

Right Eye Sees

L
EFT

EYESEES
THISONLY

LEFT
EYE
ONLY

TH S 
LE T R 

AL ER AT 

THESE
LETTERS

BINOCULAR

•

Left Eye Sees

25%

 
88%

Stereo
acuity

“Malingering”
  acuity lines

Clockdial

20/30
to
20/15

20/200

to

20/15

Aniso

Fixation 
Disparity/
Associated 
Phoria

Monocular

Acuity 

Blocks with

Binocular

Frame

260”
200”
100”
73”

OEP #

Pratt/Haynes Norms
4

21m

14A

15A

14B

15B

Vertical fixation disparity/associated phoria

Lateral fixation disparity/asociated phoria

20

-14B

15B

17A/B

16A/B

21

Monocular negative relative acommodation
blur/recovery

Cylinder

Description - See Text

Distance Retinoscopy

Pratt Near Cylinder

18d

Near fd

Unfused Crossed Cylinder

Lateral Phoria through 14A

Fused Crossed Cylinder

Lateral Phoria through 14B

Base-out to Break / Recovery

Base-in to Break / Recovery

Unfused Crossed Cylinder

Lateral Phoria through -

Target is standard non-polarized near card (figure 3)

ICS Diagnosis 
Point

Target is polarized (modified) Borish Near Card 

Move to Distance with AO Vectographic Chart

7A

12 (&3) fd

p.e.
=2/3σ

Calculated from 

+3.25/+2.75

+1.25 .37

7 exo 3.5

+1.00 .37

6 exo 3.3

ortho

Video ICS diagnosis with diamond 

Binocular positive relative acommodation
blur/recovery

Binocular negative relative acommodation
blur/recovery

-3.50/-2.62 1.00

+0.50 .37

6 exo 3.3

20/12 2.8/2.9

19/9 4.7/4

+2.37/+1.87 .50/.37

Best VA Distance Correction - “Binocular 

Vertical fixation disparity/associated phoria
Lateral fixation disparity/asociated phoria

ICS Use all distance targets
Clockdial is great for kids

MEM Near retinoscopy through 7A +0.62 .18

ortho

No losses

No losses

Stereopsis Distance Vectographic Chart Rings 88% (4th Row)

✔
ICS

✔
ICS

✔
ICS

✔
ICS

✔
ICS

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements

Figure 2 Schematic of modified Borish Vectographic Near Card.
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least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
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amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
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(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements
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Routine ICS exam sub-tests
Eric S Hussey, OD �  of �17 19 9/20/2018
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Figure 1  schematic of Distance Vectographic Charta

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements
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Routine ICS exam sub-tests

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements

Figure 2 Schematic of modified Borish Vectographic Near Card.

Hussey Clinical Research 21

Eric S Hussey, OD �  of �17 19 9/20/2018

L
EFT

EYESEES
THISONLY

R
IGHT

EYESEES
THISONLY

RIGHT
EYE
ONLY

LEFT
EYE
ONLY

THESE
LETTERS

ALTERNATE

THESE
LETTERS

BINOCULAR

•

If Both Eyes See 
Simultaneously

R
IGHT

EYESEES
THISONLY

RIGHT
EYE
ONLY

T E E
L T E S

A TE NA E

THESE
LETTERS

BINOCULAR

•

Right Eye Sees

L
EFT

EYESEES
THISONLY

LEFT
EYE
ONLY

TH S 
LE T R 

AL ER AT 

THESE
LETTERS

BINOCULAR

•

Left Eye Sees

25%

 
88%

Stereo
acuity

“Malingering”
  acuity lines

Clockdial

20/30
to
20/15

20/200

to

20/15

Aniso

Fixation 
Disparity/
Associated 
Phoria

Monocular

Acuity 

Blocks with

Binocular

Frame

Monocular 
Acuity 
Blocks with 
Bilateral 
Frame 
20/200 
to 
20/15

Clockdial

Aniso

“Malingering” 
Acuity Lines

Bilateral 20/30 
to 20/15

Fixation 
Disparity

260”
Stereo 
Acuity
73”

Left Eye Sees Right Eye SeesIf Both Eyes See 
Simultaneously

Figure 1  schematic of Distance Vectographic Charta

Routine ICS exam sub-tests

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements
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Routine ICS exam sub-tests

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements
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Routine ICS exam sub-tests

least 16 years of age, Job Corps provides the all-around skills
needed to succeed in a career and in life.’’25 The treatment
group of students was, at the time of original examination
and during any treatment, enrolled in Job Corps.

Twenty-six students who had ICS (absent strabismus and
amblyopia) underwent treatment and returned for follow-up
examination. This treatment group ranged in age from 17 to
23 years. Average age at the initial examination was 19.7
(SD, 1.6) years, making these students adults and virtually
eliminating development as a causative factor for any
changes in the group. Four of the 26 subjects in the
treatment group were female.

This is a clinical group being treated for ICS with the
hope of improving the chances of academic achievement.
Bright visual flicker, most commonly between 15 and
25 Hz, has been implicated in triggering seizure.26 In light
of this, and to err on the side of caution, all students who
had ICS diagnosed were screened for seizure history, then
offered treatment if they reported no history of seizure.

Methods

Treating the ICS in this Job Corps group onsite at a
2.5-hour distance from the clinic required a method that
could be used with minimal oversight by Job Corps staff.
Using electronic rapid alternate occlusion with liquid
crystal lenses alternating at 5 Hz provided antisuppression
treatment while the students would sit and read. These Job
Corps students alternate a week in academic education with
a week in trade training. During those education weeks,
they were to wear the alternating goggles, beginning with
5 minutes of wear and gradually working up to 30- to
40-minute sessions, while reading. Three to 5 treatment
sessions were to be accomplished during the education
weeks. The treatment goggles were not allowed to leave a
specified treatment area on the Job Corps campus.
(Although each student was asked to keep track of goggle
use, precise logging of treatment times did not happen.)
Follow-up examinations occurred as allowed by Job Corps
scheduling and road conditions. Often, 3 or more months
passed between examinations. In the treatment group, 9 of
the 26 were seen more than twice (more than the initial and
1 follow-up examination). The time between the initial
examination and the last examinationdthe study treatment
timedaveraged just less than 6 months (5.96 6
3.7 months). Miller et al.21 used a study treatment paradigm
of 30 therapy-hours of treatment. Using estimations of
treatment time based on student reports suggests a similar
average treatment period in this current study.

Three measures were used to assess changes in the treat-
ment group: timing of the on-off cycle of the ICS, the College
of Optometrists in Vision Development (COVD) QOL
Questionnaire27,28 (see Appendix), and Tests of Adult Basic
Education! (TABE!; CTB/McGraw-Hill,) reading scores.

At both the initial examination and subsequent exami-
nations, each student was given a COVD QOL checklist to

fill out. The COVD QOL checklist has repeatedly proven a
valid and reliable symptom survey for pre- and posttherapy
evaluations.27,28 Occasionally, an accompanying Job Corps
staff member helped if the reading demand of the checklist
proved too great.

Next, each student underwent a vectographic analytical
vision examination as described elsewhere and an eye
health examination.29 This routine vectographic examina-
tion was the tool for diagnosing ICS and has a number of
subtest vectographic targets in which the diagnosis of ICS
can be made. The diagnosis requires a suppression to fit
the definition of ICS; that is, a repetitive intermittent sup-
pression generally similar to the timing pattern described
above. One of the targets, the bisected diamond target
from the (modified) Borish Vectographic Nearpoint CardTM

(Stereo Optical Co., Inc., Chicago, Illinois) is the easiest
target to use to time the suppression (see Figure 2). The
timing of suppression and nonsuppression periods serves
as a measurement of the ICS. Changes in that timing
from examination to examination provide a measurement
of change in the suppression with therapy.23,24 Those tim-
ing numbers were held with the records until compiled
for this study.

Job Corps uses the TABE to assess reading in their
education students. According to the CTB/McGraw-Hill Web
site, ‘‘the Tests of Adult Basic Education!, are norm-referenced
tests designed to measure achievement of basic skills com-
monly found in adult basic education curricula and taught in
instructional programs. Reading, language, mathematics, and
spelling are the areas measured.’’30 All reading-level testing
is done at Job Corps by Job Corps staff. These data have the
limitation that education continues during the ICS treatment pe-
riod, so the changes cannot be held to be purely from treatment
of the ICS. However, it is the Job Corps educational staff that
refers students for treatment. Therefore, prior education had not
brought these adult students up to levels of reading ability an-
ticipated by that educational staff. This is an ongoing treatment
program that started in 2002. That program continuation speaks
to the ongoing desire of the educational staff at Job Corps to
have this additional help. Also, it would be very unusual in clin-
ical practice to treat a child with ICS who was not undergoing
concurrent educational reading training. TABE improvements
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refractive status?

quick one-shot tests like stereopsis?
Intermittent Central Suppression = loss of sensation

perceptual fill-in
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or not, if visual 
attention drifts

visual confusion from perceptual 
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from actual drifting aim
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magnocellular signal drops to 
“defective-normal” firing rate
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palliative suppression tests

acuities?

refractive status?
quick one-shot tests like stereopsis?

What “standard” eye and 
vision tests would you expect 
to be diagnostically useful?

Hussey, ES:  Intermittent central suppression:  
a missing link in reading problems?  Journal 
of Optometric Vision Development June 
1990; 21: 11-16

“ICS patients tend to have normal corrected 
acuities, with 54 [out of 60 ICS patients in the 

study] (90%) showing 6/7.5 (20/25) or better.”

acuities?

refractive status?

quick one-shot tests like stereopsis?

What “standard” eye and 
vision tests would you expect 
to be diagnostically useful?

Hussey, ES:  Intermittent central suppression:  
a missing link in reading problems?  Journal 
of Optometric Vision Development June 
1990; 21: 11-16
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Figure 2  Refractive status for ICS diagnostic and treatment groups (see text).  The 
current therapy and age-matched groups are at the right of the graph.  The “minimum 
s.d. band” is the tightest combination of standard deviation bands in an effort to show 
that all mean refractive errors at initial diagnosis are statistically equivalent. 
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now I feel a lot better

4th Dimension Testing A Quick Course on ICS and Intermittent Visual Sensation

4th Dimension Testing

20/20 to 20/30. Monocular acuities in
each subject were within one line of each
other, fitting the requirement that this is a
non-amblyopic group. By definition this
was a non-strabismic group. Cover test-
ing data showed exophorias of less than

1/2 , distance and near.
Other binocular alignment testing also

indicates findings within the expected
ranges. Associated phoria (fixation dis-

parity target) was also less than 1/2 
base-in at distance. Von Graefe near dis-
sociated phoria through the binocular
crossed-cylinder lens at near (OEP #15B
through #14B lens) was 5.6 exo, essen-
tially the same as the Skeffington/OEP ex-
pected phoria at near,16 and within
probable error of the Pratt/Haynes/PUCO
expected.17 Phoropter convergence and
divergence testing at near with rotary
prisms indicated basically normal group
findings.

Average refractive error was -0.4 D.S.
If refractive errors greater than 2.00D
from the mean are excluded, average re-
fractive errors become -0.08 D.S. OD,
-0.06 D.S. OS, identical to the -0.08D av-
erage spherical equivalent of the 1990
group.5

I previously reported that only 12% of
that group of ICS patients showed reduced
stereopsis on the Titmus Wirt dot test.5

Consequently, routine stereopsis testing
has become less important in my practice,
leading to some inconsistency in this par-
ticular testing in my private practice. Even
so, 17 of the present 30 ICS patients had
scores for either the Titmus Wirt test at
near, or the distance vectographic chart
stereopsis circles recorded. Fifteen re-
ceived the distance test, six the Wirt test,
with an overlapping four patients receiv-
ing both tests. Out of this group of 17 pa-
tients receiving any stereopsis tests, three
patients (18%) scored less than optimal on
any test. While this is a small sample, 18%
is certainly of the same order of magnitude
as the previously reported 12% yield with
Titmus Wirt stereopsis testing in ICS. Fur-
ther research should explore whether mul-
tiple stereopsis tests or whether a superior
test would improve yield significantly and
make stereopsis more predictive of ICS.

Results
A total of 365 suppressions were timed

in the 30 ICS patients during timing peri-
ods averaging 72.5 seconds. Twenty-four
of the 30 patients (80%) alternated which

is similar to the prior report which showed
90% alternators.5 The right image tended
to be suppressed more than the left: 222
right suppressions were timed versus 143
left suppressions; a ratio of 1.6 to 1.

The previous estimate suggested a
typical intermittent central suppression to
be 2 to 5 seconds long and occur at least
twice within a 10-second period.5 The re-
sults of the present video timing are seen
in Table 2. Individual timed ICS suppres-
sions ranged from 0.2 to 16 seconds. On
average, right suppressions were 2.6 +/-
2.5 seconds, left were 3.0 +/- 2.8 seconds.
Simultaneous sight ( binocular) periods
averaged 3.4 +/- 4.4 seconds. A typical,
and clinically significant, ICS suppres-
sion, then, might range from under a sec-
ond to over five seconds. Since ICS is a
repetitive suppression condition, these
suppression periods can be expected to be
spaced by periods of simultaneous sight.
The typical binocular period after resolu-
tion of a suppression ranged from a direct
alternation (0 seconds of simultaneous
sight) to 7.8 seconds. The large standard
deviation of the binocular periods might
reflect that in some ICS patients, suppres-
sions can run in “spurts.” Fifty incidents
of direct alternation were evident in 13 pa-
tients–essentially a zero second “binocu-
lar” period. The video also showed that
some monocular suppression periods
consists of repetitive same side ICS sup-
pressions spaced by only momentary bin-
ocular periods.

To explore whether there may be a de-
velopmental trend in the length of the sup-
pressions, I divided the group in halves by
age. The younger half ranged in age from
7 to 14 years with a median age of 9 years
(average 9.5 +/- 2.2 years); the older half
had a median age of 18, but an average age
of 24 years (standard deviation 11 years)
reflecting the broader range in age in the
older group of 14 to 43 years. The youn-
ger half of this ICS group averaged sup-
pressions of 3.1 +/- 2.9 seconds right, 3.6
+/- 3.2 seconds left, while the older half
averaged 1.8 +/- 1.3 and 2.0 +/- 1.5 sec-
onds respectively (Table 2).

Another finding clearly visible in the
video documentation cannot be explained
with our traditional understanding of sup-
pression: Some patients signaled that both
sides of the diamond target were simulta-
neously suppressed. Just less than 10% of
the 365 suppressions timed showed this
bilateral response; i.e., both hands are

raised simultaneously, without diplopia.
Thirteen patients showed this response,
four of whom are adults. Adults showing
this response suggests this is not merely a
child examination phenomenon. Our con-
ventional wisdom on suppression is based
on strabismic/amblyopic cortical compet-
itive inhibition.14 This view suggests in-
puts from the two sides “fight or fuse” at
the cortex. Obviously, a bilateral suppres-
sion is a problem for this view, suggesting
some need to modify the conventional
wisdom.13,14

Discussion
The method of data collection and tim-

ing deserves some criticism. Although
clinically the hand raising to identify sup-
pression periods is valuable as an ICS
demonstration for parents or other observ-
ers and is easily documentable on video,
some timing inaccuracy might be ex-
pected from hand movements that are fal-
tering, slow, or imprecise. This same
criticism, of course, could be made of
other clinical tests. The next step to more
accurately determine the temporal charac-
teristics would be the development of a
test using known ICS patients who are
trained to use a subject-actuated timer.
Until such a demonstration, these data
stand as the most accurate to date.

The present findings are in basic
agreement with the prior estimate of a
typical ICS being 2 to 5 seconds.5 My ex-
perience indicates that any repetitive ICS
occurring within a 10-second period in a
non-strabismic/non-amblyopic patient is
clinically significant. Matching the clini-
cal finding with symptoms is, of course,
always important.

The length of the typical ICS can
range up to almost seven seconds with
children. This raises the issue of how to
interpret even longer suppression periods.
Virtually all significantly longer suppres-
sions in our study (e.g., one suppression
period was timed at 16 seconds) were not
repetitive. So, if a patient signaled a sig-
nificantly longer than typical suppression,
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ICS Suppression Length (sec)

Overall

Younger Half

Older Half

R
I
G
H
T

L
E
F
T

2.6 +/- 2.5

3.1 +/- 2.9

1.8 +/- 1.3

3.0 +/- 2.8

3.6 +/- 3.2

2.0 +/- 1.5

Table 2. Average length of
suppression periods in ICS.

Hussey, ES:  Intermittent central suppression:  a 
missing link in reading problems?  Journal of 
Optometric Vision Development June 1990; 21: 11-16

Hussey ES:  Temporal characteristics of 
intermittent central suppression. Journal of 
Behavioral Optometry 2002; 13(6):149-152.
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20/20 to 20/30. Monocular acuities in
each subject were within one line of each
other, fitting the requirement that this is a
non-amblyopic group. By definition this
was a non-strabismic group. Cover test-
ing data showed exophorias of less than

1/2 , distance and near.
Other binocular alignment testing also

indicates findings within the expected
ranges. Associated phoria (fixation dis-

parity target) was also less than 1/2 
base-in at distance. Von Graefe near dis-
sociated phoria through the binocular
crossed-cylinder lens at near (OEP #15B
through #14B lens) was 5.6 exo, essen-
tially the same as the Skeffington/OEP ex-
pected phoria at near,16 and within
probable error of the Pratt/Haynes/PUCO
expected.17 Phoropter convergence and
divergence testing at near with rotary
prisms indicated basically normal group
findings.

Average refractive error was -0.4 D.S.
If refractive errors greater than 2.00D
from the mean are excluded, average re-
fractive errors become -0.08 D.S. OD,
-0.06 D.S. OS, identical to the -0.08D av-
erage spherical equivalent of the 1990
group.5

I previously reported that only 12% of
that group of ICS patients showed reduced
stereopsis on the Titmus Wirt dot test.5

Consequently, routine stereopsis testing
has become less important in my practice,
leading to some inconsistency in this par-
ticular testing in my private practice. Even
so, 17 of the present 30 ICS patients had
scores for either the Titmus Wirt test at
near, or the distance vectographic chart
stereopsis circles recorded. Fifteen re-
ceived the distance test, six the Wirt test,
with an overlapping four patients receiv-
ing both tests. Out of this group of 17 pa-
tients receiving any stereopsis tests, three
patients (18%) scored less than optimal on
any test. While this is a small sample, 18%
is certainly of the same order of magnitude
as the previously reported 12% yield with
Titmus Wirt stereopsis testing in ICS. Fur-
ther research should explore whether mul-
tiple stereopsis tests or whether a superior
test would improve yield significantly and
make stereopsis more predictive of ICS.

Results
A total of 365 suppressions were timed

in the 30 ICS patients during timing peri-
ods averaging 72.5 seconds. Twenty-four
of the 30 patients (80%) alternated which

is similar to the prior report which showed
90% alternators.5 The right image tended
to be suppressed more than the left: 222
right suppressions were timed versus 143
left suppressions; a ratio of 1.6 to 1.

The previous estimate suggested a
typical intermittent central suppression to
be 2 to 5 seconds long and occur at least
twice within a 10-second period.5 The re-
sults of the present video timing are seen
in Table 2. Individual timed ICS suppres-
sions ranged from 0.2 to 16 seconds. On
average, right suppressions were 2.6 +/-
2.5 seconds, left were 3.0 +/- 2.8 seconds.
Simultaneous sight ( binocular) periods
averaged 3.4 +/- 4.4 seconds. A typical,
and clinically significant, ICS suppres-
sion, then, might range from under a sec-
ond to over five seconds. Since ICS is a
repetitive suppression condition, these
suppression periods can be expected to be
spaced by periods of simultaneous sight.
The typical binocular period after resolu-
tion of a suppression ranged from a direct
alternation (0 seconds of simultaneous
sight) to 7.8 seconds. The large standard
deviation of the binocular periods might
reflect that in some ICS patients, suppres-
sions can run in “spurts.” Fifty incidents
of direct alternation were evident in 13 pa-
tients–essentially a zero second “binocu-
lar” period. The video also showed that
some monocular suppression periods
consists of repetitive same side ICS sup-
pressions spaced by only momentary bin-
ocular periods.

To explore whether there may be a de-
velopmental trend in the length of the sup-
pressions, I divided the group in halves by
age. The younger half ranged in age from
7 to 14 years with a median age of 9 years
(average 9.5 +/- 2.2 years); the older half
had a median age of 18, but an average age
of 24 years (standard deviation 11 years)
reflecting the broader range in age in the
older group of 14 to 43 years. The youn-
ger half of this ICS group averaged sup-
pressions of 3.1 +/- 2.9 seconds right, 3.6
+/- 3.2 seconds left, while the older half
averaged 1.8 +/- 1.3 and 2.0 +/- 1.5 sec-
onds respectively (Table 2).

Another finding clearly visible in the
video documentation cannot be explained
with our traditional understanding of sup-
pression: Some patients signaled that both
sides of the diamond target were simulta-
neously suppressed. Just less than 10% of
the 365 suppressions timed showed this
bilateral response; i.e., both hands are

raised simultaneously, without diplopia.
Thirteen patients showed this response,
four of whom are adults. Adults showing
this response suggests this is not merely a
child examination phenomenon. Our con-
ventional wisdom on suppression is based
on strabismic/amblyopic cortical compet-
itive inhibition.14 This view suggests in-
puts from the two sides “fight or fuse” at
the cortex. Obviously, a bilateral suppres-
sion is a problem for this view, suggesting
some need to modify the conventional
wisdom.13,14

Discussion
The method of data collection and tim-

ing deserves some criticism. Although
clinically the hand raising to identify sup-
pression periods is valuable as an ICS
demonstration for parents or other observ-
ers and is easily documentable on video,
some timing inaccuracy might be ex-
pected from hand movements that are fal-
tering, slow, or imprecise. This same
criticism, of course, could be made of
other clinical tests. The next step to more
accurately determine the temporal charac-
teristics would be the development of a
test using known ICS patients who are
trained to use a subject-actuated timer.
Until such a demonstration, these data
stand as the most accurate to date.

The present findings are in basic
agreement with the prior estimate of a
typical ICS being 2 to 5 seconds.5 My ex-
perience indicates that any repetitive ICS
occurring within a 10-second period in a
non-strabismic/non-amblyopic patient is
clinically significant. Matching the clini-
cal finding with symptoms is, of course,
always important.

The length of the typical ICS can
range up to almost seven seconds with
children. This raises the issue of how to
interpret even longer suppression periods.
Virtually all significantly longer suppres-
sions in our study (e.g., one suppression
period was timed at 16 seconds) were not
repetitive. So, if a patient signaled a sig-
nificantly longer than typical suppression,
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ICS Suppression Length (sec)

Overall

Younger Half

Older Half
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2.6 +/- 2.5

3.1 +/- 2.9

1.8 +/- 1.3

3.0 +/- 2.8

3.6 +/- 3.2

2.0 +/- 1.5

Table 2. Average length of
suppression periods in ICS.
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So, what do you think intermittent loss of 
visual sensation - ICS - does?

4th Dimension Testing

Why is this a problem?

Fixation

Fixation is the necessary pause in saccadic motor activity during which 
visual information such as print on a page can be sent to the visual cortex. 
Hussey, OVP: “Who’s on First?  Is it fixation that drives sensation?  Or is it sensation that controls fixation?”

foveation necessary for encoding into visual long-term memory

Geringswald, Porracin, & Pollmann. Journal of Vision 2016.

“Anything that interferes with the foveal coordination shortens the span of 
attention and interferes with the [visual] memory process.”

“…foveal coordination is the nucleus of our learning process and our visual learning.”

Reudemann. Foveal Coordination and the Learning Process 1957
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A green disk with a diameter of 2.018 of visual angle
served as the onset cue. It was placed on the center of
an imaginary rectangle encompassing the target object
in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.

Journal of Vision (2016) 16(2):6, 1–12 Geringswald, Porracin, & Pollmann 4
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A green disk with a diameter of 2.018 of visual angle
served as the onset cue. It was placed on the center of
an imaginary rectangle encompassing the target object
in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
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visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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an imaginary rectangle encompassing the target object
in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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an imaginary rectangle encompassing the target object
in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
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visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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A green disk with a diameter of 2.018 of visual angle
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an imaginary rectangle encompassing the target object
in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
nontarget quadrants. The postcue was a green arrow
extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.
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visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
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center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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center, making the currently fixated stimulus disap-
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angle around the current fixation location using the
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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unambiguously to the respective target object in the test
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segments with a line width of 0.638 and a length of 3.148
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extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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blurring shaders that efficiently perform all image
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center, making the currently fixated stimulus disap-
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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the scotoma were logarithmically shifted toward its
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angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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in the valid cue condition. In the invalid cue condition,
the onset cue was randomly placed in one of the three
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extending 3.028 3 3.028 of visual angle, pointing
unambiguously to the respective target object in the test
scene.

The fixation cross was composed of two black line
segments with a line width of 0.638 and a length of 3.148
of visual angle. Additional horizontal and vertical lines
extending across the screen and intersecting at the
center of the fixation cross were presented to facilitate
its visibility.

The simulated central scotomata (moving mask
technique; Rayner & Bertera, 1979) extended 48 of

visual angle in radius in the full and warp scotoma
conditions and 1.58 of visual angle in radius in the
foveal scotoma condition. In the full and foveal
scotoma conditions, we used a patch colored the same
gray as the background. In the warp scotoma
condition, we used image warping and Gaussian
blurring shaders that efficiently perform all image
manipulation directly on the graphics hardware as
implemented in the Psychtoolbox. The pixels within
the scotoma were logarithmically shifted toward its
center, making the currently fixated stimulus disap-
pear (see Figure 1 for a visualization). For the image
warping, we logarithmically transformed the nor-
malized radii of all pixels within a circle of 48 of visual
angle around the current fixation location using the
formula log(1 ! 100 * r)/log(100). The difference
between the original and the shifted Cartesian

Figure 1. Visualization of the simulated scotomata. Schematic diagram of an experimental trial and exemplary target objects. (a)
Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
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exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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Controls explored scenes with unrestricted vision (first column). The full scotoma was a gray patch superimposed on the visual scene
(second column). In the warp scotoma simulation (third column), foveated parts of the scene were logarithmically shifted to the
center, making them disappear. The full and warp scotoma extended across foveal and parafoveal vision with a radius of 48 of visual
angle, smoothly fading out across 18 of visual angle at the borders. The foveal scotoma (fourth column) was a gray patch selectively
disrupting foveal vision with a radius of 1.58 of visual angle, smoothly fading out across 0.58 of visual angle at the borders. (b) Each
trial consisted of a blank screen (1000 ms), followed by the fixation cross (1000 ms), the initial scene (20 s), the initial scene and the
onset cue (250 ms), the initial scene (200 ms), the mask (200 ms), and the test scene with the postcue pointing toward the target
object (presented until response). In this example, the target object is the clock, the onset cue is invalid, and the target object is
exchanged with a different type of clock in the test scene. (c) Exemplary pairs of target objects from four different scenes with the
object presented during free exploration on the left and its replacement in the change condition on the right.
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val. Figure 3A shows the raster plot that generated the
rate histogram shown in Figure 2B. We calculated a
series of visual response functions from the spikes that
arrived at different times relative to the eye movement.
Four of these are shown in Figure 3B; the visual response
functions plotted in different colors were generated from
the correspondingly colored spikes in the raster plot.
The visual responses plotted in gray are the same in all
four panels and represent the control visual response
obtained during fixation (see Experimental Procedures).
Well before and well after the saccade, the visual re-
sponse was a close approximation to the control (red
and blue traces in Figure 3B). Just after the saccade,
however, the amplitude of the visual response de-
creased (magenta trace in Figure 3B), and then in-
creased (green trace in Figure 3B). Figure 3C plots the
strength of the visual response as a function of time
from the onset of the saccade. We will refer to this as
the peri-saccadic response function.

Origin of the Effect
This saccade-related variation of the gain of the visual
response is not predicted by our current understanding
of geniculate processing. It reflects an effect of sac-
cades on either retinal activity or retinogeniculate trans-
mission. The stimulus was designed so that saccadic
modulation of retinal activity was unlikely, but it cannot
be excluded entirely. Because some global features of
the display, such as the edges of the flickering stimulus,
are not spatially invariant with saccades, they could in
principle produce saccade-locked modulations of reti-
nal activity.

We first asked whether a visual signal from remoteFigure 2. LGN Spike Rate Is Modulated around the Time of a
regions of the retina might cause peri-saccadic effectsSaccade
(as in the “shift effect,” see Derrington and Felisberti,The animal made saccades between horizontal target locations 12!

apart. (A) The horizontal component of the eye position for a subset 1998). With every saccade, the rapid motion of the
of these trials. (B) The peri-saccadic spike rate from a single magno- screen edges stimulates the peripheral retina, albeit at
cellular neuron. The solid horizontal line is the mean spike rate least 10! from the receptive fields we studied. We there-
produced by the flickering stimulus, measured during periods of fore replicated the retinal consequences of the sac-fixation; the heavy dotted lines are "2.5 SD of this value. The average

cades by shifting the edges of the visual stimulus rapidlysaccade duration was 33.5 ms and is indicated by the horizontal
across the monitor as the animal fixated (see Experimen-black bar. For the period #75 ms to 200 ms, rate decrements are

shaded dark gray, and increments are shaded light gray. The light tal Procedures). In no case did we observe a significant
and dark gray areas correspond, respectively, to the enhancement modulation of visual responses in neurons that showed
and suppression indices described in the Experimental Procedures significant peri-saccadic response modulation (n $ 10
(see also Figure 4B). cells; integral from 0–200 ms: p % 0.005, two-tailed

paired t test).
Another feature of our display, the fixation target,The Visual Response of LGN Neurons

Is Modulated by Saccades might also have confounded our results. First, there
might have been a visual response when the target dis-We illustrate our main result with a magnocellular cell

that showed a change in response properties typical of appeared at one position and appeared at another.
When LGN responses were analyzed relative to this tran-our data set (Figures 2 and 3). In this experiment, we

measured the visual response for different time intervals sition, however, no modulation of firing was seen until
!270 ms, when there was a monophasic enhancement.before, during, and after 12! horizontal saccades (Figure

2A). The mean spike rate over 329 trials is shown, aligned This latency is much too long to be visually driven (aver-
age visual response latency: 24.6 ms; n $ 16 cells), butby the time of each saccade (Figure 2B). The eye move-

ment had a significant effect on the firing rate, despite can be explained as the sum of the delays imposed by
the average saccade latency (167 ms) and the time-to-the fact that the visual stimulus was otherwise un-

changed. The effect was biphasic: the mean rate dipped peak of post-saccadic enhancement (!90 ms). Second,
like the screen edges, the fixation point is a stationaryto !15% below baseline soon after the onset of the

saccade, and then peaked at approximately 60% above feature that traces an arc across the retina with each
eye movement, generating a potential shift effect. Be-baseline around 75 ms after the eye movement.

In Figure 3, we show that the strength of the visual cause the trajectory of the saccade determines the shift
of the fixation spot with respect to the receptive field,response also varied over the same peri-saccadic inter-
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4th Dimension Testing

Intermittent Central Suppression = loss of sensation

perceptual fill-in

rivalry with the non-suppressed eye
or not, if visual 
attention drifts

visual confusion from perceptual 
fill-in superimposed over print

Troxler’s perceptual fading
through decreased magnocellular signal

Loss of sensory lock on 
bilateral aim

visual confusion from perceptual 
fill-in rivaling over print

larger drift in aim (fixation drift)

increasing 
magnocellular signal 

from actual drifting aim

(mechanism)

The 5-second Spin-Cycle of ICS and Reading

(loss of sensation)

(loss of sensation)

larger target 
displacements 

Resolution of the suppression 
and recognition of aiming error

perceptual fill-in also resolves

diplopic confusion

X X
fixational eye 

movement to correct 
for diplopia/mis-aim

increased magnocellular 
signal persists during 
vergence correction

with correction in aim, 
magnocellular signal drops to 
“defective-normal” firing rate

Who’s On First?  Is It 
Fixation Drives Sensation?  

Or Is It Sensation That 
Controls Fixation?

Intermittent Central Suppression = loss of sensation

perceptual fill-in

rivalry with the non-suppressed eye
or not, if visual 
attention drifts

visual confusion from perceptual 
fill-in superimposed over print

Troxler’s perceptual fading
through decreased magnocellular signal

Loss of sensory lock on 
bilateral aim

visual confusion from perceptual 
fill-in rivaling over print

larger drift in aim (fixation drift)

increasing 
magnocellular signal 

from actual drifting aim

(mechanism)

The 5-second Spin-Cycle of ICS and Reading

(loss of sensation)

(loss of sensation)

larger target 
displacements 

Resolution of the suppression 
and recognition of aiming error

perceptual fill-in also resolves

diplopic confusion

X X
fixational eye 

movement to correct 
for diplopia/mis-aim

increased magnocellular 
signal persists during 
vergence correction

with correction in aim, 
magnocellular signal drops to 
“defective-normal” firing rate

“suppression test” 
here

“suppression test” 
here

“suppression test” 
here

“suppression test” 
here

Time…we need to watch over time… Just Watch

palliative suppression tests



Time of Dropout >>

Overall Development

Period of HOT Neural Development

1 2 3

Loss of Visibility, probably somewhere around the LGN

Macknik & Livingstone 
Nature Neuroscience  1998 

Kotulak & Schor   
Perception 1986

in 80 msec
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…..somewhere

Internal Deprivation

You get to make the prediction

“NO!  You tell me!”

4th Dimension Testing

from my routine diagnostic information

You get to make the prediction

2 sets of identical twins

A pair of sisters in a baseball/softball-nuts family

You get to make the prediction

1st identical twins -  girls, 
5th grade, SA and RA

Referred by their piano teacher.  One girl would read music, the other 
girl wouldn’t, would try to play by ear
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sequela to the diplopia.  Waiting for sup-
pression development would therefore be 
an appropriate treatment for diplopia in 
traumatic strabismus.7 
The inability of adults to develop constant 
suppression offers evidence that suppres-
sion is a problem of binocular develop-
ment rather than strictly a function of a 
“cortical on-off toggle switch.”5,9-12 With 
ICS there might be a lack of visual signal 
coordination from below the cortex. ICS, 
unlike a strabismic suppression, would not 
rely solely on a cortical diplopiaphobia to 
produce stand-alone cortical neural inhi-
bition. Rather, ICS might include inhibi-
tion at the level of the lateral geniculate 
nucleus.1,13-16

Bielschowsky discussed the necessity of 
adequate and intact sensory stimuli for the 
development of motor fusion and binocu-
larity.6 Diplopiaphobic suppression can be 
considered the result of an error in motor 
accuracy (i.e., strabismus). The suppres-
sion development triggered by motor error 
prevents the matching of complementary 
sensory stimuli from the two eyes. Com-
plementary sensory stimuli are considered 
necessary to develop precise motor fusion. 
Precise motor fusion, in turn, is required 
to develop binocularity. The one supports 
the other.  The occurance of strabismus 
triggers a downhill spiral of inhibition and 
lack of fusion. This lack of correct neural 
development begins with the original eye 
turn. It does not allow normal sensory fu-
sion to develop.  If this is true then why, 
in the absence of strabismus (ICS), would 
a “phobic” cortical response be expected?  
This question has yet to be answered. One 
possiblility is that it could be inherited.
The heritability of strabismus is no doubt 
multi-factorial.  Children whose parents’ 
families included several relatives with 
strabismus showed an almost 50% stra-
bismus rate, if those children were also 
highly hyperopic.17 In contrast, only 10% 
of the same group showed strabismus if 
they had small amounts of hyperopia.17 
The American Optometric Association 
Clinical Guidelines refer to strabismus, 
amblyopia and high hyperopia as hav-
ing some genetic basis.18,19  Monozygotic 
twins are genetically identical and show 
73% concordance for strabismus, whereas 
non-identical (dizygotic, fraternal) twins 
show 35% concordance.20  These percent-
ages suggest heredity is a significant de-
terminant in strabismus. No studies of he-
redity have been reported on suppression 
as a sensory defect separate from any stra-
bismus or amblyopia. If strabismus (that 

is, diplopia) is the triggering factor in the 
development of suppression, and heredity 
is a significant determinant in strabismus; 
then heredity might also be a factor in the 
development of ICS.
The diagnosis of ICS is found and mea-
sured with vectographic test targets at 
near and at distance.16,21,22 The targets in-
clude the modified Borish diamond tar-
get at near and distance targets from the 
standard distance projected (AO) vec-
tographic adult slide.  Individual targets 
on the adult (AO) distance vectographic 
slide include OD and OS acuity targets, a 
vectographic clock-dial astigmatism test, 
distance fixation disparity, and alternat-
ing letter-alternating eye between lines, 
all within a bilateral framework.  Within 
the limits of patient response abililties and 
possible pathologies that might be pres-
ent (e.g., unilateral cataract), all patients 
are tested with the same battery of vecto-
graphic targets, probing for suppression.  
Not everyone can respond reliably to 
questioning about targets “disappearing” 
or “blacking out” with suppression.   
If similar ICS findings in identical twins 
are measured, then this would indicate a 
possible inherited characteristic. The fol-
lowing case study of monozygotic twins 
suggests that there is not a strict genetic 
explanation for non-strabismic intermit-
tent central suppression.
Case Findings  
SA and RA are monozygotic, 10-year-old, 
twin girls who were in fifth grade in Sep-
tember of 2001, when they were exam-
ined.  Both SA and her identical twin sis-
ter, RA, took piano lessons during 2001.  
SA’s piano teacher referred her for a vi-
sion examination. Their teacher noticed 
that RA was progressing in reading mu-
sic, while SA would not try to read music, 
preferring to play by memory.  Attempts 
to get SA to read music generated great 

frustration for the child. Academically SA 
lagged behind RA in all subjects.
Eye health examinations were within nor-
mal limits for both girls and automated 
visual fields were within normal limits 
for 10-year-olds.  A routine analytical vi-
sion examination procedure using vecto-
graphic polarized targets was performed. 
Both girls responded appropriately to vec-
tographic testing that probed for ICS as a 
primary visual sensory diagnosis, while 
also testing accommodative and conver-
gence function.21

Refractive, accommodative and vergence 
findings are summarized in Table 1. For 
these twins, many of the standard analyti-
cal test findings were very similar.  The 
most significant differences between the 
two were:
1)  SA’s reduced accommodative range-

SA was unable to clear 20/20 letters at 
near in the phoropter without addition-
al plus lens power beyond her distance 
subjective refraction – and

2)  her slightly more prominent fatigue in 
base-out vergences compared to her 
twin sister. (The examination routine 
is to perform three consecutive sets 
of near vergence fi ndings to assess fa-
tigue effects. Neither child exhibited 
fatigue in the base in direction.)

Clear differences between the twins are 
shown in the binocular sensory data, as 
measured with vectographic binocular 
targets (Table 2).  SA was diagnosed with 
ICS based upon these findings.  Her iden-
tical twin sister, RA, did not show ICS 
on any of the same analytical examina-
tion subtests.  SA showed an intermittent 
alternating suppression. Repetitive sup-
pression periods were about two seconds 
in length spaced by similar periods of 
about two seconds of simultaneous bi-
lateral sight.  Distance stereopsis scores 
were normal for both girls, and SA’s near 

Table 1.  Refractive, accommodative and vergence summary.  
Accommodative lens powers are gross spherical powers as read 

from the phoropter, not net values 
SA RA

Distance Refraction OD +1.00-1.00x100  20/20- +0.75-0.50x105  20/20-

OS +0.75-1.00x75    20/20 +0.75-0.50x75    20/20

Accommodative
Range / PRA (20) +1.75 blur-out*

+2.25 recovery
-0.75 blur-out

+0.25 recovery

Base Out Break/
Recovery, near

1st Finding
3rd Finding

24/6
fatigues to 12/-6

30/6
fatigues to 20/6

Base In Break/Recovery, near 18/6
(no fatigue effect x3 sets)

16/4
(no fatigue effect x3 sets)

* Extra plus was needed to obtain 20/20 acuity at near.

Intermittent Central Suppression in 
One Identical Twin
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stereopsis score was normal.22  RA’s near 
stereopsis was not measured.
Each child was prescribed her distance 
refraction (Table 1). SA’s ICS was treat-
ed both with traditional anti-suppression 
therapy procedures such as stereoscope 
drawing procedures (e.g., cheiroscopic 
tracings and VO stars) and diplopic eye 
movement procedures (prism-dissociated 
rotations), as well as with electronic rapid 
alternate occlusion procedures.2,3,4 Analy-
sis of these anti-suppression therapies in-
dicates two fundamental components of 
anti-suppression therapy.  The two com-
ponents are bilateral sensory input com-
bined with a motion stimulus.3,4 Electronic 
rapid alternate occlusion delivers a strong 
bilateral motion stimulus. The technique 
uses liquid crystal shutter lenses to create 
visual flicker motion.23  Direct alternation 
between the eyes at approximately 5 Hz 
is fast enough that the central vision reads 
the signal as continuous; that is, bilateral.  
As the ICS was reduced, accommoda-
tive therapies (bilateral accommodative 
rock procedures) were introduced with 
successively increased demand.  After ac-
commodation normalized, vergence was 
treated with standard therapies (e.g., the 
aperture rulea). 
In-office therapy was carried out in 2002.  
Twenty-nine sessions eliminated SA’s sup-
pression, as well as normalizing both con-
vergence and accommodation function.  
The academic ability of SA, as well as her 
ability to read sheet music, improved as 
therapy was successfully completed.  As 
of July 2008, her twin sister RA continues 
to show no ICS. 
DISCUSSION
What might be causes for one twin to 
have ICS and not the other?  The clinical 
findings including the refractive status, 
accommodative resting state (dissociated 
cross cylinder finding) and near vergence 
ranges are all quite similar.  There appears 
to be a fatigue factor revealed with repeat 

testing of positive relative vergence, as 
that function deteriorates over time. Be-
yond SA’s vergence fatigue, the positive 
relative accommodation measure is the 
only finding, other than the ICS, that ap-
pears to differentiate the twins.
In some cases, base-out vergence fatigue 
is associated with ICS.  In another case 
study ICS was viewed as the primary di-
agnosis.2 It was treated in isolation using 
electronic rapid alternate occlusion.  Base-
out vergences improved with the elimina-
tion of the ICS. No other vergence-specif-
ic therapy was administered. The presence 
of ICS may explain some of the difference 
in vergence findings between these twins.  
Similarly, some differences in accommo-
dative findings might be expected if there 
is ICS-induced sensory instability in one 
twin and not the other.13  
SA was the twin who was born first.  Is 
it possible that she underwent more birth 
trauma?  Possibly, with the second birth 
(RA), the birth canal was more widely 
open.  It is also possible that at an early age 
some accident or environmental event oc-
curred in the home to one child and not the 
other. Trauma might explain the accom-
modation-convergence differences since 
those functions are known to be affected 
in traumatic brain injury.8 
Another alternative explanation might 
be that there are differences in nearpoint 
stress between the twins and this differ-
ence could explain the different accom-
modative and convergence measures. 
Both girls however, have attended the 
same schools at the same time, through-
out their school careers.  They have been 
reared in the same home with identical 
free-time activities.  Since they are mono-
zygotic twins, their responses to similar 
nearpoint stresses would be expected to 
be substantially the same.  Those factors 
would tend to speak against the nearpoint 
stress explanation for the girls’ differ-
ences in accommodative and convergence 
behavior.

Seventy-three percent of strabismic 
monozygotic twin pairs are concordant 
for the condition, therefore 27% are not.20 
This difference between twins may be an 
expression of non-concordance. Given the 
concordance of the other visual character-
istics, this explanation seems less likely, 
but can’t be entirely dismissed. 
Some strabismics will alternate fixation 
and therefore the suppressing eye corre-
sponds to the turned eye. On vectographic 
testing, the strabismic will typically report 
seeing only the target associated with the 
fixating eye. The non-strabismic patient 
with ICS reports intermittency and alter-
nation of the targets while binocularly 
viewing vectographic targets.21,22 Non-
strabismic ICS does not appear to be a 
cortex-based “fuse or fight” inhibition 
that begins with a vergence error (diplo-
pia).  This study suggests that ICS also 
does not share the hereditary tendency of 
strabismic/amblyopic suppression.17,20

Are ICS and the constant suppression seen 
in strabismus and amblyopia two different 
phenomena?  Strabismic/amblyopic sup-
pression is constant while ICS shows a 
temporary loss of the visual percept cen-
trally.   The differences in intermittency, 
alternation and volitional control might 
be explained if different brain structures 
serve as the loci of suppression in stra-
bismic versus non-strabismic intermittent 
suppression.  I have suggested ICS occurs 
at or near the lateral geniculate nucleus 
(LGN).1-4,13,16,24  Other studies have shown 
binocular inhibitory interaction at the LGN 
that may form a basis for sub-cortical sup-
pression,14,15 whereas strabismic suppres-
sion is considered to be cortical.5,6,22   
The differences between ICS, and the 
constant suppression of strabismus and 
amblyopia might explain the differences 
in symptomology.  ICS is characterized 
by repetitive, but intermittent central sup-
pressions.  The “off-then-on” ICS suppres-
sions could result in intermittent losses of 
sensory feedback for eye aiming.  Repeti-
tive seconds-long losses (seen in ICS) of 
sensory feedback might allow a fixation 
drift of the eyes. This drift would exhibit 
itself clinically as variable and inaccurate 
eye aiming.  Any aiming inaccuracies 
would require correction during the bin-
ocular vision periods, when the suppres-
sion has resolved.
Through the time course of ICS, four vi-
sual circumstances may be sequentially 
produced by the ICS and the consequent 
aiming inaccuracy. These circumstances 
would be, in order: a suppression of central 

Table 2.  Intermittent Central Suppression Diagnostic points
SA RA

Intermittent 
Central 

Suppression
(ICS)

Responses

Modified Borish 
Diamond

suppression Right side  
(2 sec off/2 sec on)

No ICS found

Vectographic 
Distance 

Acuity

Suppression OD
Acuity Letters

No suppression

Vectographic 
Distance
Clockdial

Alternate Suppression
(more Right side)

No suppression

Stereopsis 4/4 Distance
9/9 Near (Wirt Rings)

4/4 Distance
(near Stereo not tested)

One girl would read music, the other girl wouldn’t.

original home life

monozygotic twins 73% concordance for strabismus - 
does that include non-strabismic suppression??

1st born

You get to make the prediction

*

1

2

3

4

5
6

7

8

9

10

11

1212

6

<3º
visual angle

Seen by Left Eye Seen by Right Eye

2nd identical twins -  boys, 4th grade, AB and TB

You get to make the prediction

whole family in the exam room - (don’t give everything away)

referred by PCP wondering about ICS and reading

after the exam, let’s pick which one has the (bigger) problem 
(the twin the FAMILY identified as having a reading problem)

AB: likes math & science - sometimes likes reading, sometimes needs a 
bookmark to read, sometimes loses his place writing

TB: likes math - sometimes re-reads and skips lines, uses a finger to read

You get to make the prediction

2nd identical twins -  boys, 4th grade, AB and TB

Refractive, accommodative, and vergence summary.  Accommodative lens 
powers are gross spherical powers as read from the phoropter, not net values.

Distance 
Refraction

OD

OS

AB TB
-0.25 sph

-0.25 sph

+0.25 sph

+0.25 sph

Accommodative 
Range / PRA

-3.50  blur-out

-2.50  recovery

20/20

20/20

20/20

20/20

-3.25  blur-out

-2.50  recovery

Base Out Break / 
Recovery near

Base In Break / 
Recovery near

24/4

18/0 18/0

24/4
(no fatigue effect x 3 sets)

(no fatigue effect x 3 sets)

(no fatigue effect x 3 sets)

(no fatigue effect x 3 sets)

DEM 10th percentile 10th percentile

You get to make the prediction

2nd identical twins -  boys, 4th grade, AB and TB

Intermittent Central Suppression (ICS) diagnostic points

Intermittent 
Central 

Suppression 
(ICS) 

responses

Modified 
Borish 

Diamond

Vectographic 
Distance 

Acuity

Vectographic 
Distance 

Alternate letter 
(“malingering”) 

line

Stereopsis

AB TB

No ICS

No ICS

“minimal” 
alternation

slow 4/4 distance

ICS L side diamond 
(2 sec off, 2 sec on)

ICS loss L dist 
acuity

4/4 distance 
 9/9 Near (Wirt Rings)

later exams isolated 
single letter losses, no 

ICS initial exam

4th Grade

4th Grade

identical twins 
which one has ICS?

AB

TB

Identical twins 
boys, 4th 

grade, AB and 
TB

You get to make 
the prediction

You get to make the prediction

Sisters, 4 years apart in a softball/baseball family

JC (older) came in because she had to move up to see the 
board at school at 6 yo - saw for 4 more annual exams

had taken care of the parents for some time

after the exam, let’s pick which one has the (bigger) problem

KC came in for 1st exam at 6

You get to make the prediction

Sisters, 4 years apart in a softball/baseball family
Refractive, accommodative, and vergence summary.  Accommodative lens 

powers are gross spherical powers as read from the phoropter, not net values.

Distance 
Refraction

OD

OS

JC  10yo KC  6yo
-4.50 sph

-4.50 sph

+0.75 sph

+0.75 sph

Accommodative 
Range / PRA

-4.50  blur-out

-3.50  recovery

20/30

20/30

20/20-

20/20-

-1.75  blur-out

-1.25  recovery

Base Out Break / 
Recovery near

Base In Break / 
Recovery near

12/-6

24/10 36/10

24/4
(no fatigue effect x 3 sets)

(no fatigue effect x 3 sets)

(no fatigue effect)

(no fatigue effect)

8/1/2013

(refused bifocals early on)

You get to make the prediction

Intermittent Central Suppression (ICS) diagnostic points

Intermittent 
Central 

Suppression 
(ICS) 

responses

Modified 
Borish 

Diamond

Vectographic 
Fixation 

Disparity Near

Vectographic 
Distance 
Fixation 
Disparity

alternates

No ICS

ICS prevents 
measurement

“Instability” i.e., 
darkness varies, no 

true ICS

No ICS noted

No ICS noted

Sisters, 4 years apart in a softball/baseball family

JC  10yo KC  6yo

Which is the top-notch softball player and which is more into art?

You get to make the prediction

Answers 

 for those of you who 
thought these case studies 

were test questions

1st set of twins 
(piano)

2nd set of twins 
(reading)

2 sisters  
(art vs softball)

SA - the twin 
with ICS

TB - the twin 
with more 

identifiable or 
obvious ICS

JC - the sister 
with ICS

which one of the pair had the performance problem?
Summary of the diagnosis of ICS or ISVOT

Need to watch sensation with both eyes simultaneously over time

Dichoptic

Subjective

I prefer vectographic testing - polarization

Don’t lead the witness

Unfortunately, we don’t have a valid screening test or a 
single perfect objective test

A standard, routine “eye” examination provides data that doesn’t matter to and 
doesn’t help us in diagnosing ICS. 

That implies when we discuss prior examinations with patients or (referring) doctors, 
we actually are not disagreeing, we’re expanding on their information.

Therapy Results - grouped data

can we fix it?

does the “fix” last?

what changes in the patient’s world?

a few case studies, too

does it just go away?



Therapy Results - grouped data

can we fix it? what changes in the patient’s world?

Remote treatment of intermittent central suppression
improves quality-of-life measures
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Abstract
BACKGROUND: Intermittent central suppression (ICS) is a repetitive intermittent (‘‘on-and-off’’) loss
of central visual sensation without strabismus or amblyopia. These repetitive seconds-long suppres-
sions have been suggested to create visual confusion and instability that would cause vision symptoms,
contribute to reading complaints, and even impair reading.
METHODS: Teacher-identified Job Corps students were diagnosed with ICS and then treated with 5-Hz
electronic liquid crystal shutter alternate occlusion.
RESULTS: Twenty-six young adult students (19.76 1.6 y) had their ICS treated over 5.96 3.7 months.
Suppression periods decreased in length (P, 0.0001) and ‘‘binocular’’ nonsuppressed periods increased
in length (P, 0.0001). Overall, College of Optometrists in Vision Development (COVD) quality-of-life
(QOL) scores improved (P , 0.0001), 16 reading behavior COVD QOL questions improved (P ,
0.0001), and individual QOL questions improved. Posttherapy reading scores (N 5 18) improved
3.7 (6 2.6) years (P , 0.0001).
CONCLUSIONS: Treating ICS with electronic alternate occlusion reduced suppression periods, in-
creased binocular periods, and improved symptoms as measured in the COVD QOL questionnaire. Pos-
itive changes also occurred in reading scores. These data suggest ICS should be considered a probable
cause for symptoms of reading problems.
Optometry 2012;83:19-26

Treatment of the visual sensory defect of suppression has
been part of optometric vision therapy since its beginning.
Louis Jaques called for the treatment of nonstrabismic

suppression in the 1950s.1,2Most of the early thought on sup-
pression diagnosis, treatment, and neuropathology, however,
comes from study of strabismus and amblyopia. For exam-
ple, Bielschowsky used the term diplopiaphobia referring
to a sort of ‘‘phobic’’ cortical response to diplopia that then
produces suppression in strabismus.3 In their seminal work,
Hubel and Wiesel4-7 discovered changes in visual neurology
in kittens when their eyelids were sutured shut, providing
insight into the deprivation and constant suppression of stra-
bismus and amblyopia. However, the explanations and
descriptions of strabismic/amblyopic suppression did not
fully explain nonstrabismic, nonamblyopic, intermittent cen-
tral suppression (ICS). Both types of suppression are visual
sensory defects that suspend, at least for a short time, central

Disclaimer: The data and graphs in this paper were discussed in a brief
presentation at the Sixth International Congress of Behavioral Optometry
(ICBO), Ontario, California, April 11, 2010; and at the Joint Conference
on Theoretical and Clinical Optometry (JCTCO), June 3–7, 2010, and
the Northwest Congress of Optometry, February 26–27, 2011, both at
Pacific University, Forest Grove, Oregon.
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The Job Corps ICS Study
Brains construct or calculate reality from sensory input in a context 
allowed by memory and habituation.  Thinking will construct a reality, 
but thinking is energy-intense and energy-expensive.  If sensory 
input is reliable over time and accurate in its details, calculation 
decreases and thinking and attention can move to other tasks

My modification of thoughts from Stephen Macknik and Susana 
Martinez-Conde in Sleights of Mind - What the Neuroscience of Magic 
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long distance therapy before long distance was cool  
(or at least mandated as virtual) Therapy Results - grouped data

pre-therapy avg = 2.5±1.1 sec

Therapy Results - grouped data

pre-therapy avg = 2.8±2 sec

Therapy Results - grouped data

pre-therapy avg score = 50.6±19.2

Therapy Results - grouped data

pre-therapy avg score = 30.4±9.2 sec

Therapy Results - grouped data

avg reading grade level changed from 4.9 to 8.6

Blurred vision at near/reading
Double vision

Headaches with near work

Words run together reading

Burning, itching, watering eyes

Fall asleep reading

See worse end of day

Skip/repeat lines when reading

Dizziness/nausea with reading

Head tilt/close an eye reading

Avoid near work/reading

Miss/omit small words reading

Reading comprehension down

Hold reading too close

Short attention span reading

Difficulty finishing assignments

x
x
x
x
x

x

x
x

x
x

x
x
x
x

x
x

Therapy Results - grouped data

Blurred vision at near/reading
Double vision

Headaches with near work

Words run together reading

Burning, itching, watering eyes

Fall asleep reading

See worse end of day

Skip/repeat lines when reading

Dizziness/nausea with reading

Head tilt/close an eye reading

Avoid near work/reading

Miss/omit small words reading

Reading comprehension down

Hold reading too close

Short attention span reading

Difficulty finishing assignments

x
x
x
x
x

x

x
x

x
x
x
x
x
x

x
x

Therapy Results - grouped data
1 Blur at near

2 Double Vision

3 Headaches with near work

4 Words run together reading

5 Eyes burn/sting/water

6 falls asleep reading

7 Vision worse end of day

8 skip/repeat lines reading

10 tilts head/closes eye reading

16 read comprehension down over time

15 misaligns digits/columns

13 omits words reading

9 dizziness/nausea with near work

12 avoids near work/reading

14 writes uphill/downhill

11 difficulty copying from board

22 avoids sports

23 poor hand-eye/handwriting - difficulty with hand tools

17 poor sports performance

20 difficulty completing assignments on time

24 can't estimate distances

21 says "I can't"

25 clumsy/knocks things over on desk/table

19 trouble keeping attention on reading

18 holds reading too close

26 difficulty with time management

27 difficulty with money concepts/make change

28 loses papers & belongings

29 car sickness, motion sickness

30 poor memory

Therapy Results - grouped data

1 Blur at near

2 Double Vision

3 Headaches with near work

4 Words run together reading

5 Eyes burn/sting/water

6 falls asleep reading

7 Vision worse end of day 8 skip/repeat lines reading

10 tilts head/closes eye reading

16 read comprehension down over time

15 misaligns digits/columns

13 omits words reading

9 dizziness/nausea with near work

12 avoids near work/reading

14 writes uphill/downhill

11 difficulty copying from board

22 avoids sports

23 poor hand-eye/handwriting - difficulty with hand tools

17 poor sports performance

20 difficulty completing assignments on time

24 can't estimate distances

21 says "I can't"

25 clumsy/knocks things over on desk/table

19 trouble keeping attention on reading

18 holds reading too close

26 difficulty with time management

27 difficulty with money concepts/make change

28 loses papers & belongings

29 car sickness, motion sickness

30 poor memory

p<0.001

Therapy Results - grouped data

1 Blur at near

2 Double Vision

3 Headaches with near work 4 Words run together reading 5 Eyes burn/sting/water 6 falls asleep reading

7 Vision worse end of day 8 skip/repeat lines reading

10 tilts head/closes eye reading

16 read comprehension down over time

15 misaligns digits/columns

13 omits words reading

9 dizziness/nausea with near work

12 avoids near work/reading

14 writes uphill/downhill

11 difficulty copying from board

22 avoids sports

23 poor hand-eye/handwriting - difficulty with hand tools

17 poor sports performance

20 difficulty completing assignments on time

24 can't estimate distances

21 says "I can't"

25 clumsy/knocks things over on desk/table

19 trouble keeping attention on reading18 holds reading too close

26 difficulty with time management

27 difficulty with money concepts/make change

28 loses papers & belongings

29 car sickness, motion sickness

30 poor memory

p<0.001

p<0.01

Therapy Results - grouped data

1 Blur at near 2 Double Vision

3 Headaches with near work 4 Words run together reading 5 Eyes burn/sting/water 6 falls asleep reading

7 Vision worse end of day 8 skip/repeat lines reading

10 tilts head/closes eye reading

16 read comprehension down over time

15 misaligns digits/columns

13 omits words reading

9 dizziness/nausea with near work

12 avoids near work/reading

14 writes uphill/downhill

11 difficulty copying from board

22 avoids sports

23 poor hand-eye/handwriting - difficulty with hand tools

17 poor sports performance

20 difficulty completing assignments on time

24 can't estimate distances21 says "I can't"

25 clumsy/knocks things over on desk/table

19 trouble keeping attention on reading18 holds reading too close

26 difficulty with time management

27 difficulty with money concepts/make change

28 loses papers & belongings

29 car sickness, motion sickness

30 poor memory

p<0.001

p<0.01

p<0.05

All the rest improved, but p>0.05

Therapy Results - grouped data

BS:  Never used to read and is now reading Jack London novels.  His teacher reports the therapy “changed his life”.  He is now 
reading avidly, “devouring” books.  He got a job as a welder.  Note – BS was one of the students reporting side effects:  
headaches and achy eyes that disappeared after two months of goggle use. 

MT:  Reading is “coming along greatly” and is reading faster.  Comprehension is improving. 

GP:  Not losing his place as much when reading. 

CS (who didn’t improve on the QOL checklist):  When he arrived at Job Corps his reading level was 2.8.  It improved to 8.8.  
During the month of April 2005 it improved from 7.7 to the current 8.8.  An article on CS was published in the Job Corps Times, 
September 2005 (See Appendix).  Again, given the positive comments here, the QOL validity must be questioned in this group.

DL:  “reading textbooks is a lot better” 

JR (1st “JR”):  “words are not blurring or jumping”.  Also, a teacher reported his reading score jumped from 6.2 to 8.9 in three 
months.

MW:  “not losing my place as much, writing skills have improved, no more double vision”.  A teacher reports “his vision has really 
changed.  He [MW] described it as seeing the written words as if they were on a piece of crumpled material that has slowly been 
spread out and straightened”. 

CC:  “I read a whole book for the first time in my life – Stuck in Neutral.”  [Stuck in Neutral is written on a Junior High reading level.] 

JR (2nd “JR”):  Reading is easier.  Prior to therapy his depth perception would “just go out.”  That doesn’t happen now.  Teachers 
“are amazed.  I’m their miracle kid.  I’m not a very fast reader, but things have really improved…oh man!”  It has made a “huge 
difference in trade [bricklaying].  Awesome.”  Note – prior to therapy this JR had trouble with aligning bricks.  His instructor 
commented on the difference post-therapy.



Accessing the Fourth Dimension in Understandable Ways

Therapy Results - grouped data
Percentage of Binocularity during Waking Hours
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Figure 4  Percentage of binocularity during waking hours pre- and post-therapy for three 
treatment groups, the current study at the far right.  Percentage of binocularity is calculated 
two ways, as averaged individual percentages and then as averaged suppression timings 
that are then calculated as a single percentage of binocularity for each group.

Therapy Results - grouped data

(average suppressed seconds + average non-suppressed seconds)

Percentage of Binocularity during Waking Hours

average non-suppressed seconds[ ] x 100

why bother with this?

it seems to be relatively easy for parents and patients to understand

Therapy Results - grouped data

(average suppressed seconds + average non-suppressed seconds)

Percentage of Binocularity during Waking Hours

average non-suppressed seconds[ ] x 100

Job Corps & Long Term

Job Corps pre- off pre- on pre- binoc % post- off post- on post- binoc %

Ricardo A 3 1 25.00 1 3 75.00

Harry B 3 2 40.00 0 20 100.00

David(Chad) C 2 0.5 20.00 0.5 7 93.33

Alain E 2 2.5 55.56 0 20 100.00

Dustin H 3 2.5 45.45 1.5 3 66.67

Colton H 1.5 3 66.67 1.5 4 72.73

Deborah L 5 1.5 23.08 1.5 4 72.73

Chrystina M 5 4 44.44 0 20 100.00

Scott M 2 2 50.00 0 20 100.00

Greg P 1 3 75.00 0.5 8 94.12

Ben S 2 5.5 73.33 1.5 4 72.73

Jacob R 2 2 50.00 0 20 100.00

Don S 3.5 0.5 12.50 1.5 4.5 75.00

Kyle T 2 3 60.00 0 20 100.00

Jon R 5 0.5 9.09 1 20 95.24

Blake S 2 1 33.33 1 7 87.50

Andre T 1.5 5 76.92 1 20 95.24

Jeremy W 1.5 1.5 50.00 1 1 50.00

Myron T 1.5 4 72.73 1 20 95.24

Jamisha W 2 2.5 55.56 3 3 50.00

Joe W 2.5 5 66.67 1 8 88.89

Matt W 1.5 3 66.67 0 20 100.00

Jessica Z 4 1 20.00 4.5 1 18.18

Chuck S 2 9 81.82 0 20 100.00

Jona G 2 2 50.00 1.5 2.5 62.50

Phillip P 2.5 6 70.59 2 6 75.00

avg: 2.50 2.83 49.78 1.02 11.00 82.31

max 5 9 81.82 4.5 20 100.00 0

min 1 0.5 9.09 0 1 18.18 0

sd 1.14 2.00 21.45 1.04 8.05 20.60

binoc % - avgs 53.07 91.52

T-test 0.0000004

99%confidence 10.84 99%confidence 10.41

Therapy Results - grouped data
Percentage of Binocularity during Waking Hours
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Figure 4  Percentage of binocularity during waking hours pre- and post-therapy for three 
treatment groups, the current study at the far right.  Percentage of binocularity is calculated 
two ways, as averaged individual percentages and then as averaged suppression timings 
that are then calculated as a single percentage of binocularity for each group.

Does the fix last?

p<0.0001

Therapy Results - grouped data
Percentage of Binocularity during Waking Hours
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Figure 4  Percentage of binocularity during waking hours pre- and post-therapy for three 
treatment groups, the current study at the far right.  Percentage of binocularity is calculated 
two ways, as averaged individual percentages and then as averaged suppression timings 
that are then calculated as a single percentage of binocularity for each group.

Therapy Results - grouped data
Percentage of Binocularity during Waking Hours
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Figure 4  Percentage of binocularity during waking hours pre- and post-therapy for three 
treatment groups, the current study at the far right.  Percentage of binocularity is calculated 
two ways, as averaged individual percentages and then as averaged suppression timings 
that are then calculated as a single percentage of binocularity for each group.What happens long term?

18 private ICS patients, 10.5 ± 6 y.o. (5.25-32 years at start of therapy) primarily 
treated with rapid alternation**

At start of therapy average acuity 20/25+ OD,OS No ocular pathology 
By definition with ICS, no strabismus or anisometropic amblyopia

Median refractive error

Start of therapy End of therapy

OD OS OD OS

+0.27 +0.26 plano -0.07

Max

Min

+0.87 (0.25 cyl) +1.00

-1.12 (0.25 cyl)-1.25 -2.50-2.75

+0.50 +0.50

Mode refractive error +0.50 +0.50 +0.50 +0.50

Refractively Normal, Acuities Near-Normal, No Ocular Pathology

**Although we tried to isolate ICS as our primary diagnosis and therapeutic target, if patients had some in-office therapy, other things were done. 

The Group average acuity post-therapy between 20/20 & 20/15 [20/19]

average use ~130 hours over an average ~8 months

average age at completion of therapy ~11 [10 without the 32 year-old]

General Results

Suppression periods during therapy reduced by ~3 seconds 

1st and foremost: Improvements hold pretty well

Binocular periods during therapy increased by just over 11 seconds 

On average, using latest visit numbers, some small losses in 
improvements, <5% in performance from the improvements 

documented at the end of therapy

5 Question responses marked with reversal of gains 
so, 13 questions,18 respondents gave 106 change 
responses, with 5 “lost gains” = just less than 5%

Average 2.24 years since finishing therapy.

didn’t reply to the questionnaire: “Thank you so much for providing this. C**** has experienced noticeable improvement in 
the speed at which he is able to read. I have no doubt his treatment with you is the root of his improvement. Thanks again.” 

email received 1/9/2020 - Last seen 7/28/2016
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Therapy Results - grouped data
Percentage of Binocularity during Waking Hours
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2 yrs
End of 

Therapy

Why wouldn’t it stay fixed?   
That’s the way the neurology 

is designed to work.

p>0.0599%  CI

CHECKLIST

Did these things change with therapy and have 
they remained improved?

not 
applicable/no 
impovement

improved 
some

Improved a 
lot

Improved but 
has gone back

Headaches with near work such as reading

Words run together when reading

Itching, burning, watery eyes

Fall asleep while reading

See worse, blurrier at end of the day

Skip or repeat lines when reading

Tilt head or close an eye when reading

Misses the small words reading

Writes uphill or downhill

Poor reading comprehension

Hold reading too close

Trouble keeping attention on reading

Difficulty completing assignments

Name: 0 0 0 0

Your Total Score: 0

Please make any notes you’d like to help us out:
Average Score, 18 Subjects:  8.72 ± 4.70

Average Score, 13 Questions:  11.92 ± 5.62

In this group, we changed them from being binocular 
about half their waking hours to 95+% of their waking hours

Multiplier              0                1              2                -2

Did these things change with therapy and have they remained improved? # pos resp

Headaches with near work such as reading 4

Words run together when reading 10

Itching, burning, watery eyes 6

Fall asleep while reading 1

See worse, blurrier at end of the day 7

Skip or repeat lines when reading 13

Tilt head or close an eye when reading 8

Misses the small words reading 10

Writes uphill or downhill 8

Poor reading comprehension 11

Hold reading too close 5

Trouble keeping attention on reading 12

Difficulty completing assignments 8
3    6    9    12    15    18    21    24    27

What questions changed?

Did these things change with therapy and have they remained improved? # pos resp

Headaches with near work such as reading 4

Words run together when reading 10

Itching, burning, watery eyes 6

Fall asleep while reading 1

See worse, blurrier at end of the day 7

Skip or repeat lines when reading 13

Tilt head or close an eye when reading 8

Misses the small words reading 10

Writes uphill or downhill 8

Poor reading comprehension 12

Hold reading too close 5

Trouble keeping attention on reading 13

Difficulty completing assignments 8
3    6    9    12    15    18    21    24    27

What questions changed?

Did these things change with therapy and have they remained improved? scores

Headaches with near work such as reading 6

Words run together when reading 15

Itching, burning, watery eyes 6

Fall asleep while reading 1

See worse, blurrier at end of the day 11

Skip or repeat lines when reading 16

Tilt head or close an eye when reading 13

Misses the small words reading 14

Writes uphill or downhill 13

Poor reading comprehension 18

Hold reading too close 8

Trouble keeping attention on reading 19

Difficulty completing assignments 13
3    6    9    12    15    18    21    24    27

What questions changed…most meaningfully?

Did these things change with therapy and have they remained improved? scores

Headaches with near work such as reading 8

Words run together when reading 15

Itching, burning, watery eyes 6

Fall asleep while reading 1

See worse, blurrier at end of the day 11

Skip or repeat lines when reading 19

Tilt head or close an eye when reading 13

Misses the small words reading 16

Writes uphill or downhill 13

Poor reading comprehension 21

Hold reading too close 8

Trouble keeping attention on reading 22

Difficulty completing assignments 17
3    6    9    12    15    18    21    24    27

Words run together when reading

Skip or repeat lines when reading

Misses the small words reading

Poor reading comprehension

Trouble keeping attention on reading

Difficulty completing assignments

What questions changed…most meaningfully?



Did these things change with therapy and have they remained improved? scores

Headaches with near work such as reading 8

Words run together when reading 15

Itching, burning, watery eyes 6

Fall asleep while reading 1

See worse, blurrier at end of the day 11

Skip or repeat lines when reading 19

Tilt head or close an eye when reading 13

Misses the small words reading 16

Writes uphill or downhill 13

Poor reading comprehension 21

Hold reading too close 8

Trouble keeping attention on reading 22

Difficulty completing assignments 17
3    6    9    12    15    18    21    24    27

Words run together when reading Skip or repeat lines when reading Misses the small words reading

Poor reading comprehension Trouble keeping attention on reading Difficulty completing assignments

What questions changed…most meaningfully?
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And Hold Harmless Agreement, and Recipient represents that it fully understands and 

voluntarily executes the same.  

 

  EXECUTED this __________ day of ____________, 20___. 

 

 

_______________________________________________________  

Name of Organization 

 

 

 

By: _________________________ (signature) 

 

 

            _________________________ (printed/typed) 

 

 

Title: _________________________ 

 

Please return by mail or fax to Dr. Hussey at (509)326-0426
email: spacegoggle@comcast.net

6 QUESTIONS

Date                         Name
During reading, words run together

Skip or repeat lines when reading

Miss small words when reading

Reading comprehension is not good

Trouble keeping attention on reading

Difficulty completing assignments

Optometry Offices 
1116 E. Westview Ct. 
Spokane, WA 99218

If the kid can’t see, the kid can’t read.

Currently, suppressors (intermittent central suppression) average score: just over 4
range about 3 - 5 1/2

12 year-old, classic middle school responsiveness

No testing is perfect

12 year-old, classic middle school responsiveness

12 year-old, classic middle school responsiveness

H.S. Senior

“I don’t read.  Not anymore.”

Reading 
Complaint

Frequency of 
Complaint

Reversals or mixing up 
letters and words

Losing place 
while reading

Re-reads

Words different 
when re-reads

Headaches 
while reading

“Dyslexia”/general problems 
reading to learn

No Reading Complaint...
distance blur

7

9

10

2

2

5

3

Words move

Skips words

Blur while reading

Odd head position

Headaches with T.V.

Dislikes reading

Canʼt skim text

n=1

Other Subjective 
Complaints

Eyes “hurt” 
during reading 2

N
=3
0
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any claims or suits that (i) Recipient, (ii) anyone claiming by, under or through Recipient, or (iii) 

any third party, may bring against any of the Released Parties to recover any losses, liabilities, 

costs, damages, or expenses which arise during or result from the participation by, prototypes or 

services supplied by, any of the Released Parties associated with the ERAO prototypes, except 

only to the extent caused by the negligence or other fault of any of the Released Parties. 

 

 4. Recipient acknowledges having carefully read and reviewed this Waiver, Release 

And Hold Harmless Agreement, and Recipient represents that it fully understands and 

voluntarily executes the same.  

 

  EXECUTED this __________ day of ____________, 20___. 

 

 

_______________________________________________________  

Name of Organization 

 

 

 

By: _________________________ (signature) 

 

 

            _________________________ (printed/typed) 

 

 

Title: _________________________ 

 

Please return by mail or fax to Dr. Hussey at (509)326-0426
email: spacegoggle@comcast.net

6 QUESTIONS

Date                         Name
During reading, words run together

Skip or repeat lines when reading

Miss small words when reading

Reading comprehension is not good

Trouble keeping attention on reading

Difficulty completing assignments

Optometry Offices 
1116 E. Westview Ct. 
Spokane, WA 99218

Reads and re-reads with little comprehension

Reading…shows repetitions, additions, omissions

Seeing non-existent movement while reading

Loses track of time.  Difficulty staying on task

Difficulty sustaining attention

Frequently has to re-read sentences in order to comprehend

If the kid can’t see, the kid can’t read.

Loses concentration when reading

Skips or repeats lines when reading

Head tilt or closes one eye when reading

Poor reading comprehension

Derived from 26 JobCorps, then18 young adults & kids 
long term

30 timing subjects  6-43yo

23 amblyopic kids

total: 97 suppressors

Dyslexia website visual symptoms

What about lenses?

Mode refractive error pre- and post-therapy +0.50
We know from the long term study:

We know from the JobCorps study:
70% plano to +1.00DS and ≤1.00 DC

We know from the ICS timing study:
RE -0.08 and -0.06 (excluding  extreme REs - 6-43yo)

Overall average RE OU -0.06DS
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What about lenses?
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What about lenses?
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What about time?

49+%
48+%

20/20 to 20/30. Monocular acuities in
each subject were within one line of each
other, fitting the requirement that this is a
non-amblyopic group. By definition this
was a non-strabismic group. Cover test-
ing data showed exophorias of less than

1/2 , distance and near.
Other binocular alignment testing also

indicates findings within the expected
ranges. Associated phoria (fixation dis-

parity target) was also less than 1/2 
base-in at distance. Von Graefe near dis-
sociated phoria through the binocular
crossed-cylinder lens at near (OEP #15B
through #14B lens) was 5.6 exo, essen-
tially the same as the Skeffington/OEP ex-
pected phoria at near,16 and within
probable error of the Pratt/Haynes/PUCO
expected.17 Phoropter convergence and
divergence testing at near with rotary
prisms indicated basically normal group
findings.

Average refractive error was -0.4 D.S.
If refractive errors greater than 2.00D
from the mean are excluded, average re-
fractive errors become -0.08 D.S. OD,
-0.06 D.S. OS, identical to the -0.08D av-
erage spherical equivalent of the 1990
group.5

I previously reported that only 12% of
that group of ICS patients showed reduced
stereopsis on the Titmus Wirt dot test.5

Consequently, routine stereopsis testing
has become less important in my practice,
leading to some inconsistency in this par-
ticular testing in my private practice. Even
so, 17 of the present 30 ICS patients had
scores for either the Titmus Wirt test at
near, or the distance vectographic chart
stereopsis circles recorded. Fifteen re-
ceived the distance test, six the Wirt test,
with an overlapping four patients receiv-
ing both tests. Out of this group of 17 pa-
tients receiving any stereopsis tests, three
patients (18%) scored less than optimal on
any test. While this is a small sample, 18%
is certainly of the same order of magnitude
as the previously reported 12% yield with
Titmus Wirt stereopsis testing in ICS. Fur-
ther research should explore whether mul-
tiple stereopsis tests or whether a superior
test would improve yield significantly and
make stereopsis more predictive of ICS.

Results
A total of 365 suppressions were timed

in the 30 ICS patients during timing peri-
ods averaging 72.5 seconds. Twenty-four
of the 30 patients (80%) alternated which

is similar to the prior report which showed
90% alternators.5 The right image tended
to be suppressed more than the left: 222
right suppressions were timed versus 143
left suppressions; a ratio of 1.6 to 1.

The previous estimate suggested a
typical intermittent central suppression to
be 2 to 5 seconds long and occur at least
twice within a 10-second period.5 The re-
sults of the present video timing are seen
in Table 2. Individual timed ICS suppres-
sions ranged from 0.2 to 16 seconds. On
average, right suppressions were 2.6 +/-
2.5 seconds, left were 3.0 +/- 2.8 seconds.
Simultaneous sight ( binocular) periods
averaged 3.4 +/- 4.4 seconds. A typical,
and clinically significant, ICS suppres-
sion, then, might range from under a sec-
ond to over five seconds. Since ICS is a
repetitive suppression condition, these
suppression periods can be expected to be
spaced by periods of simultaneous sight.
The typical binocular period after resolu-
tion of a suppression ranged from a direct
alternation (0 seconds of simultaneous
sight) to 7.8 seconds. The large standard
deviation of the binocular periods might
reflect that in some ICS patients, suppres-
sions can run in “spurts.” Fifty incidents
of direct alternation were evident in 13 pa-
tients–essentially a zero second “binocu-
lar” period. The video also showed that
some monocular suppression periods
consists of repetitive same side ICS sup-
pressions spaced by only momentary bin-
ocular periods.

To explore whether there may be a de-
velopmental trend in the length of the sup-
pressions, I divided the group in halves by
age. The younger half ranged in age from
7 to 14 years with a median age of 9 years
(average 9.5 +/- 2.2 years); the older half
had a median age of 18, but an average age
of 24 years (standard deviation 11 years)
reflecting the broader range in age in the
older group of 14 to 43 years. The youn-
ger half of this ICS group averaged sup-
pressions of 3.1 +/- 2.9 seconds right, 3.6
+/- 3.2 seconds left, while the older half
averaged 1.8 +/- 1.3 and 2.0 +/- 1.5 sec-
onds respectively (Table 2).

Another finding clearly visible in the
video documentation cannot be explained
with our traditional understanding of sup-
pression: Some patients signaled that both
sides of the diamond target were simulta-
neously suppressed. Just less than 10% of
the 365 suppressions timed showed this
bilateral response; i.e., both hands are

raised simultaneously, without diplopia.
Thirteen patients showed this response,
four of whom are adults. Adults showing
this response suggests this is not merely a
child examination phenomenon. Our con-
ventional wisdom on suppression is based
on strabismic/amblyopic cortical compet-
itive inhibition.14 This view suggests in-
puts from the two sides “fight or fuse” at
the cortex. Obviously, a bilateral suppres-
sion is a problem for this view, suggesting
some need to modify the conventional
wisdom.13,14

Discussion
The method of data collection and tim-

ing deserves some criticism. Although
clinically the hand raising to identify sup-
pression periods is valuable as an ICS
demonstration for parents or other observ-
ers and is easily documentable on video,
some timing inaccuracy might be ex-
pected from hand movements that are fal-
tering, slow, or imprecise. This same
criticism, of course, could be made of
other clinical tests. The next step to more
accurately determine the temporal charac-
teristics would be the development of a
test using known ICS patients who are
trained to use a subject-actuated timer.
Until such a demonstration, these data
stand as the most accurate to date.

The present findings are in basic
agreement with the prior estimate of a
typical ICS being 2 to 5 seconds.5 My ex-
perience indicates that any repetitive ICS
occurring within a 10-second period in a
non-strabismic/non-amblyopic patient is
clinically significant. Matching the clini-
cal finding with symptoms is, of course,
always important.

The length of the typical ICS can
range up to almost seven seconds with
children. This raises the issue of how to
interpret even longer suppression periods.
Virtually all significantly longer suppres-
sions in our study (e.g., one suppression
period was timed at 16 seconds) were not
repetitive. So, if a patient signaled a sig-
nificantly longer than typical suppression,
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ICS Suppression Length (sec)

Overall

Younger Half

Older Half

R
I
G
H
T

L
E
F
T

2.6 +/- 2.5

3.1 +/- 2.9

1.8 +/- 1.3

3.0 +/- 2.8

3.6 +/- 3.2

2.0 +/- 1.5

Table 2. Average length of
suppression periods in ICS.

Hussey ES:  Temporal 
characteristics of intermittent 
central suppression. Journal of 
Behavioral Optometry 2002; 
13(6):149-152.
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Any time-effect?
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Therapy group

Age-match group

Reading lens group

Letter grades for binocularity 1st Exam

Post-
therapy

2nd 
Exam

2nd 
Exam

Any lessons in this data?

What about lenses?

Refractive status or error very “normal” in ICS

Time does not fix ICS, nor do lenses 
- therapy fixes ICS

Proper reading lenses may help ICS slightly 
- I suspect less fatigue

The risk/benefit ratio with reading lenses is vanishingly small.  
Especially if you can’t do therapy, suggest reading lenses.
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Figure 2  Refractive status for ICS diagnostic and treatment groups (see text).  The 
current therapy and age-matched groups are at the right of the graph.  The “minimum 
s.d. band” is the tightest combination of standard deviation bands in an effort to show 
that all mean refractive errors at initial diagnosis are statistically equivalent. 

The bottom line:

ICS doesn’t just go away.  
Lenses don’t make it go away.*  
You drive it away with therapy.

*Near lenses may tweak it a bit better, not significantly.  Is 
that by improving fatigue?  Makes sense to me.

Neurology

What do we think we know, versus what do I actually see?

Conventional Wisdom - it’s been around since it conveniently 
explains some things

Where does the conventional wisdom fail?

Bielschowsky described the conventional wisdom as diplopiaphobia 80 years ago
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Suppressed, so inhibition is active at the cortex

Not Suppressed, so unimpeded flow to and at the cortex

Hand up/side black

Hand down/side clear

What should happen

Suppressed, so inhibition is active at the cortex

Not Suppressed, so unimpeded flow to and at the cortex
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Hand down/side clear

What should happen

This would be a picture of masking at the cortex

Suppressed, so inhibition is active at the cortex

Not Suppressed, so unimpeded flow to and at the cortex

Hand up/side black

Hand down/side clear

What does happen

Suppressed, so inhibition is active at the cortex

Not Suppressed, so unimpeded flow to and at the cortex

Hand up/side black

Hand down/side clear

What does happen

What is my definition of binocularity?

Both eyes having intact visibility of central images 
that are combined into one percept without loss of 
visibility of either central image, with that combined 

intact visibility sustained over time.

How are we going to treat ICS?

What we think we know:

alignment doesn’t fix a suppression
these are non-strabismics

Zhou, Wang, Feng, Wang & Hess, Frontiers of Neuroscience 2017

1. We need to do something active

2. Problem in both eyes working together

3. Motion is the underlying defect

Put those together into therapy procedures

takes time - fixing a suppression is grunt work



How are we going to treat ICS?

2. Problem in both eyes working together

3. Motion is the underlying defect

Put those together into therapy procedures

takes time - fixing a suppression is grunt work

Bilateral Sight and Visual Motion

Colors

Repeat Repeat Repeat Repeat

What is my definition of binocularity?

Both eyes having intact visibility of central images 
that are combined into one percept without loss of 
visibility of either central image, with that combined 

intact visibility sustained over time.

Binocularity Percentage through Waking Hours

Job Corps: Changed from ~50% to 83+% Binocular

Long Term: Changed from ~40% to 95+% Binocular
K****: Changed from ~50% to 98+% Binocular
D*****: Changed from ~60% to 94+% Binocular

(changed JR from ~10% binocular during waking hours to ~97% binocular during waking hours)

p<<0.0001

What DIDN’T change, was percentage of binocularity during waking 
hours immediately after therapy and percentage of binocularity during 

waking hours after 2 1/4 years in the long-term study.

C****(email): Changed from ~45% to 94% Binocular

Sports Then how does square-wave rapid alternate 
occlusion at 5 to 7 Hz make that happen?

Or, another way to ask that might be, when is a monocular 
stimulus actually a binocular stimulus?

This means 
we’re 

heading into 
the tricky 

deep stuff - 
feel free to 

go get a tea 
or coffee

OPTIONS: 

Bartley Phenomenon  9Hz   Allen

Timing correlations to experimental stimulus asynchrony 
suggesting masking   7 Hz  Schor

Encoding of visual of information during fixations  4 Hz  Yang

On-off flicker as a strong motion stimulus driving visibility, supported by 
continuous flash suppression  5 Hz  Hussey

maybe all of the above???

OPTIONS: 

Bartley Phenomenon  9Hz   Allen

On-off flicker as a strong motion stimulus driving visibility, supported by 
continuous flash suppression  5 Hz  Hussey
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Stimulus turning  OFF  SHOULD Mask OD target

Stimulus turning  OFF  SHOULD Mask OS target

These actions negate each other

time

~100 msec

1a    masking

masking at the cortex disallowed 
by bilateral negation of masking 

stimuli from continuing alternation

Eye LGN

Visual  
Cortex

Right Eye

Left Eye
time

~100 msec
2a    Driving Monocular Visibility (CFS)

LGN

Stimulus On

Stimulus Off

Activity level at LGN normal motion activity 
is not inhibited by increased activity in neurology on other side

activity sustains~100 msec

~7x increase

This side dominates through facilitation

x normal  
motion 
activity

on-off =

x normal  
motion 
activity

Note that with alternation, facilitation would now be bilateral

Stimulus Off Stimulus Off

to LGN, etc to LGN, etc to LGN, etc

time

to LGN, etc

spatial edge of light moving across motion receptors

to LGN, etc

time

temporal edge allowed intermittently to motion receptors by shutters

Right Eye Right EyeRight Eye Right Eye

Right Eye

motion

2    bilateral visibility at LGN driven by motion and flicker

Eye LGN

Visual  
Cortexmotionand flicker drive visibility at the LGN and prevent 

 perceptual fill-in at the LGN

on-off-on…
= on-off-on

for individual receptors:

Fill-in from cortex disallowed

~100 msec alternate shuttering stimuli

on/open on/open on/open

time

Right Eye

Left Eye

on/open on/open on/open

3   image carry-over through temporal summation

Flickering images carried over                 just like the movies  
- but now two sides become simultaneous

Visual  
Cortex

off

off

off

off

off

off

carry 
over

carry 
over

carry 
over

carry 
over

carry 
over

shutter closed

When you add it all up, this may actually be one of the 
few truly binocular stimuli.

“There is the greatest difference between presuming an 
opinion to be true, because, with every opportunity for 
contesting it, it has not been refuted, and assuming its 

truth for the purpose of not permitting its refutation.”

John Stuart Mill, On Liberty, 1859
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Whiplash-
produced ICS

Normal stereo in 
ICS

Whiplash producing ICS without field change

Christie - most recent exam 5/17/2022 

Rear-ended at a stop sign December 2021

Prior exams 2013, 2016, 2017

Intermittent Central Suppression 
caused by Cervical Trauma - Whiplash

52yo white female 

Whiplash producing ICS

Christie - most recent exam 5/17/2022 

Rear-ended at a stop sign December 2021
Prior exams 2013, 2016, 2017
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Series Retrospectives

World’s Strongest Guy 
Mr. Diplopiaphobia

ICS 
ALTERNATION

ICS 
INTERMITTENCY

Whiplash-
produced ICS

Normal stereo in 
ICS

World’s Strongest Guy 
Mr. Diplopiaphobia

ICS 
ALTERNATION

ICS 
INTERMITTENCY

Whiplash-
produced ICS

Normal, equal 
refractive errors Weak inhibition at V1

Normal stereo in 
ICS

World’s Strongest Guy 
Mr. Diplopiaphobia

ICS 
ALTERNATION

ICS 
INTERMITTENCY

Normal stereo in 
ICS Whiplash-

produced ICS

Normal, equal 
refractive errors Weak inhibition at V1

Collewijn, Erkelens & Steinman
J Physiol 1988

Hussey JBO 1997

Hussey JBO 2002

Bielschowsky 
Lectures 1943

Macknik & Martinez-Conde 
Neurocomputing 2004

Hussey JAOA 2012

Komatsu
Nature Reviews/Neuro 2006

Liversedge, Rayner, White, Findlay,  
& McSorley

Current Biology 2006

Hussey JOVD 1990
-or-

Hussey JBO 1999

(Bucci, Bremond-Gignac, Kapoula 
Graefes Arch Clin Exp Ophthalmol 

Neurophthalmology 2008)

(Jainta & Kapoula 
PLOS ONE 2011)

Wunderlich, Schneider & Kastner
       Nat Neurosci 2005

Lee & Blake
     J Vision 2002

Collewijn, Erkelens & Steinman
J Physiol 1988

Hussey JBO 1997

Hussey JBO 2002

Bielschowsky 
Lectures 1943

Macknik & Martinez-Conde 
Neurocomputing 2004

Hussey JAOA 2012

Komatsu
Nature Reviews/Neuro 2006

Liversedge, Rayner, White, Findlay,  
& McSorley

Current Biology 2006

Hussey JOVD 1990
-or-

Hussey JBO 1999

(Bucci, Bremond-Gignac, Kapoula 
Graefes Arch Clin Exp Ophthalmol 

Neurophthalmology 2008)

(Jainta & Kapoula 
PLOS ONE 2011)

Wunderlich, Schneider & Kastner
       Nat Neurosci 2005

Lee & Blake
     J Vision 2002

World’s Strongest Guy 
Mr. Diplopiaphobia

ICS 
ALTERNATION

ICS 
INTERMITTENCY

Normal stereo in 
ICS Whiplash-

produced ICS

Normal, equal 
refractive errors

we suppress everywhere

Weak inhibition at V1

Intermittent Central Suppression (ICS)

ICS 
ALTERNATION

ICS 
INTERMITTENCY

Normal stereo in 
ICS

Whiplash-
produced ICS

Normal, equal 
refractive errors

Weak inhibition at V1

Troncoso, Macknik, Martinez-
Conde  J Vision 2008

Hussey JBO 2001

Reppas, Usrey & Reid  
Neuron 2002

Komatsu 
nature.com/reviews/neuro  

2006

   Simons, Lleras, Martinez-Conde, 
Slichter, et al. J Vis 2006

Tom Cornsweet - various

Ditchburn 
J Optical Society of Amer 1987

Macknik & Livingstone
Nature Neuroscience 1998

Ditchburn, Fender & Mayne
J Physiol 1959

Poletti & Rucci
J Vision  2010

Martinez-Conde, Macknik, 
Troncoso & Dyar  Neuron 

2006

Martinez-Conde, Macknik, 
Hubel  Nature Reviews/

Neuroscience  2004 

Yang & Kapoula
J Vision 2003

Rashbass & Westheimer 
J Physiol 1961 (2nd paper)

Switch from suppression to maintaining visibility

Troxler’s?

Filling in

Fixational eye movements

The mechanisms by which cataract 
surgery and lessened dementia risk 

are associated weren’t determined in 
this study, a news release said.  

Researchers hypothesize that people 
might be getting higher-quality 

sensory input after cataract surgery, 
which might have a beneficial effect in 

reducing the risk of dementia.

This means 
we’re 

heading into 
the tricky 

deep stuff - 
feel free to 

go get a tea 
or coffee

wrote that staring at a small sample of scarlet silk on white
paper for a long time caused the fabric to grow ever
dimmer in colour until it appeared to vanish [70]. In 1804,
the Swiss philosopher Ignaz Paul Vital Troxler rediscovered
the phenomenon [71], and noted that deliberately focusing
one’s gaze on a target can make unmoving images in the sur-
rounding region gradually fade away—this type of vanishing
illusion is known today as Troxler fading (figure 5).

The mechanisms producing and thwarting Troxler fading
are not well understood, although they presumably result
from the interaction between eye movement production (or
lack thereof) and neural adaptation (i.e. decreased or absent
neural responses to unchanging stimulation). Helmholtz [74]
originally suggested that the incessant ‘wandering of the
gaze’ prevented retinal ‘fatigue’. It is likely, however, that
neural adaptation ensuing from lack of eye motion affects
neurons throughout the visual pathway. In the late 1950s,
Clarke made a connection between Troxler’s fading and the
fading of stabilized images in the laboratory (see paragraphs
below), and attributed both phenomena to neural adaptation
[75–78]. McCamy et al. [33] have proposed that the prevention
and reversal of visual fading, although they appear phenom-
enologically complementary, may involve different neural
mechanisms as well as adaptation timescales.

The effects of ocular stillness on perception became a
focused area of research in the 1950s, when technological devel-
opments allowed for the first time the study of vision in
conditions of ‘retinal stabilization’ [79–82]. Retinal stabilization
techniques entail shifting any and all visual stimuli presented to
the eye in such a way as to nullify all concurrent eye motion.
Many of the initial investigations relied on Yarbus’s novel
implementation of the suction cup technique, where a suction
device served to attach a tightly fitting contact lens assembly
to the eyeball. The contact lens assembly displayed an image
(which the subject viewed through a powerful lens), so that
every gaze displacement resulted in the image moving with
the eye and negating the effects of eye motion. The motion can-
cellation (even if less than perfect, owing to contact lens
slippage and other difficulties [83]) led to rapid visual fading,
usually after a few seconds (but sometimes taking longer).

In 1956, Cornsweet [55] found that perceptual fading
under gaze stabilization conditions did not increase the fre-
quency of microsaccades or the size of drift, and concluded

that target disappearance is not the stimulus for saccades
(later studies replicated his conclusion [54]). We note,
however, that even if reduced visibility fails to raise microsac-
cade rates, microsaccade occurrence does have the effect of
enhancing visibility (see ‘Tightly timed correlations’ section
for details). This kind of one-directional relationship is quite
common in physiology (increased exercise has the habitual
effect of raising one’s heart rate, even if decreased heart
rates do not trigger bouts of physical activity). As to what,
then, serves to jumpstart microsaccade production: the evi-
dence supports a combined role of both fixation error and
neural noise in triggering microsaccades, with the contri-
bution of each signal depending on the magnitude of the
fixation error (see [48] for a review).

More heroic attempts to completely eliminate eye motion
were to follow. In 1976, John K. Stevens underwent the intra-
venous injection of a paralytic drug with the intent to
obliterate eye movements (he received artificial ventilation
during the experiment; figure 6). An arterial tourniquet pre-
vented local blood flow to one of Stevens’ arms, allowing
him to use his unparalysed fingers to provide simultaneous
reports of his perception. Stevens’s perceptual experience
was greatly hampered by image fading, which ‘became a
real problem’ during his full-body paralysis [84].

Later approaches to gaze stabilization moved away from
the suction cup technique, measuring instead the movements
of the eye in a non-invasive fashion, and then transmitting
the eye-position data to a projection system that moves
the image with the eye [85,86]. This transmission is not
instantaneous, however, but it includes a significant delay
(7.5–10 ms in some recent studies; see for instance [54]),
which may produce the unintended refresh of the retinal
image and thus the disruption of fading. Such unaccounted
for, or residual, eye motion, can greatly complicate data
interpretation and replication of retinal stabilization studies.

(a) Caveats of retinal stabilization studies
Starting in the 1950s, and throughout subsequent decades,
there was a proliferation of attempts to study vision during reti-
nal stabilization conditions, with and without superimposing
simulated eye motion on the purportedly stabilized image.
Unfortunately, no historical or currently available method

Figure 5. Troxler fading. In Impression, Sunrise, by Claude Monet, the rising
sun appears brighter than the rest of the scene, but has the same physical
luminance as the background clouds [72]. Equiluminant objects are very sus-
ceptible to Troxler fading: fixating one’s gaze on the sailor for a few seconds
makes the solar disc fade from perception [73].

Figure 6. Stevens’s full-body paralysis experiment. The subject laid down on
an operating table. A projector illuminated a small mirror mounted on a stalk
attached to a tight fitting contact lens. This produced a dot on the screen that
followed the subject’s eye movements. From [84].
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session. Although 5% less accurate is insignificant, it does sug-
gest there was no intervening pistol practice.

Pretherapy binocular and monocular conditions showed very
different accuracies. The monocular condition was 49% more
accurate than the binocular: 3.86 versus 7.62 cm away from
center. One SD from the monocular mean does not include the
binocular mean; therefore, these are very different accuracies.
The two SDs give a picture of how erratic aim was: the binocular
condition aim was 34% more variable than the monocular.
Therefore, as we might suspect from the description of ICS as a
visual confusion-producing condition, J.P. was less accurate
and more variable (or more erratic) in aim when both eyes were
used (the binocular condition).

Post-therapy binocular and monocular conditions are not dif-
ferent. The binocular condition (both eyes, unpatched) was ac-
tually slightly more accurate (5%; 5.24 cm versus 5.54 cm) than
the monocular condition. Both means are well within each other’s
SDs. Compared to pretherapy patched/unpatched accuracies,
this is a very different finding. In addition, post-therapy binoc-
ular aim is much less variable than pretherapy binocular aim.
Both binocular conditions are more variable than the monocu-
lar conditions, but post-therapy, the binocular aim is 15% more
variable than the monocular rather than the pretherapy 34%
more variable. The decrease in variability post-therapy seems
even more impressive when the variability in monocular aim is
taken into consideration: post-therapy monocular aim was 5%
more variable than pretherapy. J.P. just had a less accurate and
more variable day at the second session, again speaking to his
lack of pistol or “aiming” training during the pretherapy to post-
therapy interim as well as adding emphasis to any post-therapy

improvements. The post-therapy binocular condition is 31%
more accurate than the pretherapy even with the overall less
accurate second session. These changes are summarized in
Figure 1.

ICS Results

ICS diagnosis is made during a routine optometric analytical
examination using vectographic binocular refraction targets
presented at standard distance (20 feet) and near (40 cm) test
distances.13 Vectographic targets use polarization to provide for
separation of the two eyes’ central fields in a visual test envi-
ronment that, although not perfect, is relatively normal in its
perception. By appropriate questioning in that test environ-
ment, suppressions will be reported as targets “disappearing
and reappearing” or on targets assembled with overlaying po-
larizers as targets “blacking out.”

The pretherapy diagnostic examination was in November
2004. Therapy was concluded in May 2005. At that time, I
estimated the ICS as 95!% improved. For that estimate, I com-
pared suppression responses on vectographic targets from ex-
amination to examination. Therefore, from a more typical 2- to
3-second on/off cycle ICS, J.P.’s suppressions were now very
short-duration losses of sensation, well under 1 second (“a
blink”), happening every 5 to 7 seconds. Zeri et al.14 have devised
a different suppression classification system. In their system,
typical ICS would rate as S4, no suppression would be S0 (zero).
J.P., then, changed from Zeri S4 to S2. Not perfect, but near
normal, and certainly greatly improved. In addition, distance
stereopsis (measured depth perception) improved to a reliable
maximum (for this test) of 88%. We can speculate about possible

Fig. 1. Summary of monocular-binocular and pretherapy-post-therapy data.

Military Medicine, Vol. 172, April 2007
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Summary:   

1) Pre-therapy monocular sighting is 
significantly better than binocular in both 

accuracy and variability 

2) Post-therapy, binocular sighting is not 
(statistically) different than monocular. 

3) If the situation is intense, the 
sympathetic nervous system will open 

both eyes widely - “no squinting allowed.”

A couple of performance tests with potential 
to tap into the Fourth Dimension

VO star

Colors

With repetition, they also are great therapy 
techniques

The limitation is lack of time-defined measurement

A couple of performance tests with potential 
to tap into the Fourth Dimension

VO star

Colors

With repetition, they also are great therapy 
techniques

The limitation is lack of time-defined measurement

Examples of the VOstar as a test, 
including a few before/after
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A response from a mom from the long term study

Pre-therapy: 50% Binocularity during Waking Hours
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swim

JG   7/18/2018 waking hours % of binocularity: 33%

JG   12/9/2019, 3 months post-therapy waking hours % 
of binocularity: 98+%

JG   7/18/2018 waking hours % of binocularity: 33%

1

2

3

Figure 7 VO star for patient JG (member of the treatment group) showing pre-
therapy (33% binocularity) drawing with illustrative circles used to approximate 
central scatter (panel 1), and (panel 2) with the drawing collapsed to 
approximate bilateral central image (bar at the top is 5° marker for central 
vision).  Panel 3 is post-therapy illustrating smaller scatter circles.

Suppression doesn’t just go 
away, but treatment might 

change a VOstar - Case Series 
Retrospectives
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Figure 1  Circles printed on clear acetate used to 
measure apical scatter of VO starsp<<0.00001
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Protocol if Rapid Alternation is sent Home
1. Try to use in a therapy session first to 

make sure no sensitivities.

2. Use colorings to determine the best 
frequency and balance

3. Use 1-2 hours daily with reading, coloring, 
Legos, puzzles, or (if no other way and no 

polarization problems) video games

“A” 1st test, no alternation



“A” 1st test, no alternation “A” 5 Hz alternation “A” 5 Hz alternation “A” 1st test, no alternation

“A” 5 Hz alternation 1.  ICS diagnostic attributes are consistent; perhaps remarkably consistent given that 
ICS testing is subjective and many ICS patients are children. 

2.  Vision therapy, including rapid alternate occlusion, is very effective at 
reducing ICS and increasing binocularity across 72 subjects over 8 years.

3.  Intermittent central suppression doesn’t just get better over time without 
therapy, even with lens use over time.

4.  Treatment of intermittent central suppression and improvement in binocularity 
may aid central visual sensation as demonstrated with a VO star stereoscopic 
drawing task.

Conclusions: 

5.  ICS should be considered a successfully treatable 
primary, not secondary, visual defect.

Conclusions: 

…because binocularity is the sensory driving 
power for improving kids’ lives 

My definition of binocularity:

both eyes having intact visibility of central images that are 
combined into one percept without loss of visibility of either central 
image, with that combined intact visibility sustained over time

Hussey ES. Is Anti-Suppression the Quest 
for Visibility? Optometry and Visual 
Performance 2015. Vol 3, #1.

Binocularity - as I’ve defined it - is the sensory driving power for 
improving kids’ lives

and we have the tools to improve binocularity

My definition of binocularity:

Binocularity - as I’ve defined it - is the sensory driving power for 
improving kids’ lives

and we have the tools to improve binocularity

“…been a long time since I killed anyone with a vitamin.”

And a thought about motion sensitivity
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6 QUESTIONS

Date                         Name
During reading, words run together

Skip or repeat lines when reading

Miss small words when reading

Reading comprehension is not good

Trouble keeping attention on reading

Difficulty completing assignments

 

 3.  Recipient agrees to indemnify and hold the Released Parties harmless from all 
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