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INTRODUCTION 

Literature Review 

Cheng et al. [1, 2] (2011, 2014) and Gwiazda et al. and Hyman 
et al. [3, 3a, 4]  (2003, 2005,2014)  present a comprehensive 
listing of modern studies to date in terms of using (+) Add 
reading glasses to prevent or slow the progression of myopia. 
Brown & Berger (1979), Brown & Young (1981), Schaeffel & 
Howland (1988), Medina & Fariza (1993), and Greene, Brown, 
Medina & Graupner (1996) use first order control theory 
to predict myopia development as a function of time [5-9]. 
Thorn, Gwiazda & Held (2005) present a mathematical model 
of myopia development using the Gompertz function [10]. 
Hung & Ciuffreda (2007) develop IRDT, incremental retinal 
defocus, to explain myopia during the growth phase [11]. Me-
dina et al. [12-14] (2015, 2016) and Greene & Medina [15-18] 
(2015, 2016) use control theory to explain myopia develop-
ment, solved with digital and analog computer techniques to 
evaluate first-order equations.  Viikari (2011) and Goldschmidt 
(2003) present comprehensive reviews of juvenile myopia, 

and various techniques used to control this myopia progres-
sion [19, 20].

Theories are many and varied, in terms of the causes of myo-
pia [19, 20]. Figure 1a and 1b below show the nearwork de-
mand problem, typical of college students, and the proposed 
optical solution to the problem, namely, custom reading glass-
es [21]. In this report, various mathematical control theories 
are reviewed, derived from conventional electrical engineer-
ing concepts, as shown in Figure 1c below:

Figure 1a: Norman Rockwell’s “The Law Student”, from the Saturday Eve-
ning Post, is seen reading at an effective distance of -3.0 to -4.0 diopters.
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Figure 1b: Reading glasses for a -5.00 D. college myope. (+) Add tech-
nology is used by both bifocals and progressive addition lenses, “PAL’s”. 
PAL’s are “no-line” bifocals. Basically, these (+) Add reading glasses are 

distance compensators, with a +3.00 D Add for reading.

The Average Value of Accommodation

The controlling variable for this equation is the eye’s value of 
accommodation. The focal settings of the lens is determined 
by information decoded at the surface of the retina. The visual 
environment may be calculated by the use of the equation: 

VISUAL ENVIRONMENT =   - 1 / (OBJECT DISTANCE) 

(In Diopters)    (In Meters) 

A visual object moved inwards from infinity to one meter con-
stitutes an environment change of - 1.0 diopters. Under this 
circumstance, the accommodation system will servo the lens 
by + 1.0 diopters to again achieve sharp focus at the surface 
of the retina. 

Visual Environment of College Students. As we enter higher 
academic institutions, our visual environment gradually shifts 
to a more negative value, as shown in Figure 1c below.  We can 
characterize this increased “near” environment by the follow-
ing ramp function:

Figure 1c:  Ramp function   A = m t + b

A = m t + b,   where:

A = Accommodation, daily average value, from the start of the 
freshman year. 

m =   - 0.001 diopters / day = - 0.365 D/yr  

t = time in days 

b = - 1.0 diopters 

The Laplace transform of a unit ramp is: 

1 / (s ^2)

Applying this ramp to the eye’s transfer function produces: 

System’s Response = [m / s ^2] * [1 / (TAU s + 1)] 

The eye’s time domain response to a ramp function is 30: 

Focus = Offset Accommodation (Initial Value) (Ramp) 

+ Accommodation * TAU [(t / TAU) - 1 + EXP (- t / TAU)]

DISCUSSION

Focal Status Produced by a Plus Lens

After two hundred days, this equation predicts that the eye 
will show the same linear slope as the accommodation ramp. 
We can logically expect that the eyes of college students will 
show a gradual movement towards, and eventually, into my-
opia when a linear ramp is applied to their accommodation 
system.

How close does this scenario match the actual situation?  In a 
study of the cadets at West Point, Dr. Gmelin determined that 
freshmen with 20/20 vision and 0 diopters focal state would, 
after four years, develop 20/80 vision with -1.3 diopters of my-
opia [22]. A similar study was conducted at the United States 
Naval Academy by Dr. Hayden, reviewed by Greene et al. [15, 
16, 23, 24] (2015, 2016). This study showed an approximately 
linear change in focal status towards myopia in the eyes of 
almost all the normal eyed midshipmen [22, 25, 26].  Figure 
1a shows Norman Rockwell’s classic painting “The Law Stu-
dent”, from the Saturday Evening Post, where the student is 
seen reading at an effective distance of -3.0 to -4.0 diopters.

Myopia Prevention

We have plotted the historical development of myopia as a 
function of time, as shown in Figure 4d. The dynamic theory 
explicitly states that the eyes of the USNA midshipmen move 
into nearsightedness due to their increasingly confined visual 
environment. Their focal status change is in the right direction 
and proper magnitude to suggest quantitative verification for 
this dynamic model of the normal eye’s long-term behavior. 

If their myopia is a result of normal servoing action, a major 
means of changing this situation would be to use a convex 
lens for all close work. Use of this lens would substantially al-
ter their visual environment from an estimated value of - 1.5 
diopters, to a more reasonable figure of - 0.4 diopters. Their 
resulting focal status was calculated by the use of the equa-
tion developed [5, 6, 26].
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CONCLUSIONS

Work done during the past twenty years has demonstrated 
that the accommodation system is a superb example of a 
physiological control system. It is a complex, sophisticated, 
and accurate system. We can logically expect that the normal 
eye will show equal competence in the design of its long-term 
control system. 

The process of building a mathematical model of a physiologi-
cal system necessarily implies the idealization of that system. 
Models are not tested in a vacuum. The development of a 
servo-heredity model suggests an alternative model which 
we will call, for the purpose of identification and discussion, a 
“negative-lens-heredity” theory of the eye’s long-term focus. 

Heredity is a fundamental factor in both of these theories. 
There is a disagreement on how this factor establishes the 
eye’s long-term focus.  These theories yield contradictory pre-
dictions that can be tested. The negative-lens theory predicts 
that:

1. The eye’s focal status will not change due to a plus or minus 
change in the eye’s visual environment. 

2. A plus or minus lens has no effect on the eye’s long-term 
focus. Nearsightedness cannot be produced in a normal eye 
by the prolonged wearing of a minus lens. 

3. The change in focal status of students towards myopia is 
not related to their increasingly confined visual environment. 
The development of myopia is due to the genetic make-up of 
the individual. 

A number of these stated predictions have been tested. We 
feel that the current experimental evidence more strongly 
supports the concept that the eye is servo controlled versus 
the concept that the eye is not servo controlled.  Actual myo-
pia prevention is a very difficult task to accomplish. This dem-
onstrates that effective myopia prevention is a reasonable ex-
pectation, provided the convex lens is assiduously used for all 
close work.  The belief that this approach will work is reflected 
in current eye care practices [1-4, 19-24, 30-35].  About twen-
ty percent of the profession will use the plus lens (bifocal) to 
deal with the problem of incipient myopia.

Appendix I: Student Refraction Data R (t) [D], 9 Month Interval.

Subj 0 months After 9 months       

# No. Begin Control 
group

Test group (+) Add

#1 L    -0.75 D -1.25 D

     R -0.75 -1.25

#2 L -0.5 -1.00

 R     -1.00 -1.00

#3 L -0.75 -1.25

    R -1.00 -1.00

        #4 L       -0.75 -0.75

 R     -0.50 D -1.00 D

#5 L     -0.50 D +0.25 D

 R -1.25 +0.50

#6 L -0.50 +0.50

R -0.50 +0.25

#7 L -1.00 +0.25

     R -0.50 +0.50

#8 L -0.50 +0.25

     R -0.75 D 0.00 D

<aver> -0.71875 D -1.0625 D +0.3125 D p<0.0001 

< +/-  s.d. > 0.23935 D 0.176777 D 0.17677 D t = 
-15.5563

N=16 N=8 N = 8 df = 14

Table 2: Student Pilot Refraction Data R(t) [D], 9 month interval

Subj Start After 9 months

  (+) Add Test Group    (-) Control Group

#1 L -0.5 D +0.25 D

    R -0.5   0.00

#2 L -0.5 +0.25

    R -0.75 0.00

#3 L -0.5 +0.5

R -1.00 +0.25

#4 L -1.00   0.00

    R    -0.75 D   +0.25 D 

#5 L -0.75 D -1.25 D

R -0.5 -1.00

#6 L -0.75 -1.25

 R -1.00 -0.75

#7 L -0.75 -1.25

R -0.75 -0.75

#8 L -0.50 -1.00

    R   -0.50 D -1.00 D    

<aver.>   -0.6875 D 
+0.1875 D

-1.03125 D t = 12.606

< +/- s.d.> 0.19365 D 0.17677 D 0.20863 D p < 0.0001

N=16 N=8 N=8 df = 14

Appendix II: Refraction Data R (t) [D] for Age-Brackets 6 – 18 yrs. 

Age Bracket (+) Test Group (-) Control Group Significance

6  - 8 yr +0.06 D, N=22 0.65 D, N=102 p < 0.0001

df=122 +/- 0.27 D +/- 0.44 D t = 7.2654

difference  dR = 0.71 D    [ 95% CI:  0.52 to 0.90 D  ( N = 124 ) ]

9 – 10 yr 0.00 D, N=28 -0.56 D, N=82 p < 0.0001

df=108 +/- 0.23 D +/- 0.36 D t = 7.6992

difference  dR = 0.56 D    [ 95% CI:  0.42 to 0.70 D ( N = 110 ) ]

10 – 11 yr -0.04 D, N=50 -0.58 D, N = 100 p < 0.0001

df = 148 +/-0.16 D +/-0.37 D t = 9.8565
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difference  dR = 0.54 D    [ 95% CI:  0.43 to 0.65 D  ( N = 150) ]

11 – 12 yr +/- 0.2 D +/- 0.34 D t = 7.2773

difference  dR = 0.37 D    [ 95% CI:  0.27 to 0.47 D  ( N = 164 ) ]

12 – 13 yr -0.06 D, N = 56 -0.59 D, N = 126 p < 0.0001

df = 180 +/- 0.17 D +/- 0.42 D t = 9.1062

difference  dR = 0.53 D,    [ 95% CI:   0.42 to 0.64 D (N=182) ]

13 – 14 yr -0.06 D, N = 88 -0.49 D, N = 74 p < 0.0001

df = 160 +/- 0.15 D   +/- 0.3 D t = 11.8091

difference  dR = 0.43 D,    [ 95% CI:   0.36 to 0.50 D (N=162) ]

14 – 15 yr -0.03 D, N = 34 -0.42 D, N = 64 p < 0.0001

df = 96 +/- 0.14 D +/- 0.32 D t = 6.7585

difference  dR = 0.39 D    [ 95% CI:  0.27 to 0.50 D ( N=98 ) ]

15 – 16 yr +0.02 D, N 
= 66

-0.42 D, N = 50 p < 0.0001

df = 114 +/- 0.18 D +/- 0.33 D t = 9.1851

difference  dR = 0.44 D    [ 95% CI:  0.35 o 0.54 D ( N=116 ) ]

16 – 17 yr +0.03 D, N 
= 36

-0.39 D, N = 24 p < 0.0001

df = 58 +/- 0.2 D +/- 0.19 D t = 8.1276

difference  dR = 0.42 D    [ 95% CI:  0.32 to 0.52 D ( N=60 ) ]

17 – 18 yr +0.21 D, N 
= 20

-0.26 D, N = 32 p < 0.0001

df = 50 +/- 0.37 D +/- 0.20 D t = 5.9490

difference  dR = 0.47 D    [ 95% CI:  0.31 to 0.63 D  ( N = 52 ) ]

(-) Control 
Group

(+) Lens Test 
Group

Myopia 
Rates

R’ = -0.48 D/yr R’ = +0.01 D/yr p < 0.0001

+/-  0.12 D/yr 
(N=383)

+/- 0.08 D/yr 
(N=226)
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