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SUMMARY

The development and design of an accommodation speed optometer is
described. The device allows a subject to view:successively a pair of
displays without a concomitant eye movement. A clock is started when
the second display is exposed to the subject. The subject activates a
response mechanism, stopping the clock, when his eyes have focused on the
second display sufficiently to determine the orientation of the gap in a
Landholt Ring. By determining response time for displays equidistant
from the subject, the time attributed to eye focus can be determined by
subtraction. The apparatus allows binocular vision, variable light
levels, variable target size,aand variable focal distances (two through
eight feet) to be explored.

A pilot study with three subjects indicated a mean eye focus time
of 0.2576 seconds. The subjects' near-far focus times are shown to be
significantly faster than their far-near focus times. More time was
required for the subjects to perceilve the features of the smaller dis-
plays. Graphs are presented showing the relationship of eye focus time
to three target sizes at six focal distance changes for both near-far

and far-near eye focus.



CHAPTER I

INTRODUCTION

Although a great deal of research has been conducted to exam-
ine the functioning of the human eye, there is a need for a greater
understanding of the speed of visual accommodation in the industrial
setting. Specifically, how long does it take the visual sense to re-
focus from one object to another, and what are the parameters that af-
fect this focusing time?

Previous research, using specialized and sophisticated optometers,
has reported accommodation times (refocus times) on the order of 0.4
sec. These studies, however, have been limited to monocular vision
and concentrated on distances less than two feet from the eye, De-
tailed consideration of such variables as light level, target acuity,
and focusing distance have not been reported.

An accomodative speed optometer is required which allows for
the variation of visual distances, light levels, and task discrimina-
tion. This report represents the results of an attempt to design and
construct such a device.

The present study concerns the design, construction, and vali-
dation of an optometer to quantify the effect of the following:

1. Target distance (two to eight feet)
2. Direction of focus (far-near, near-far)
3. Target acuity

4. Illumination level,



Chapter II reviews the literature, with particular emphasis on
the accommodation process, previous accommodation speed optometers and
their results, and related choice-reaction time research.

Chapter III deals with the actual design of the apparatus.

A pilot study was conducted to confirm the accuracy and appli-
cability of the system, Chapter IV reports and discusses the findings

of this study.



CHAPTER TI

BACKGROUND AND LITERATURE REVIEW

The first three sections in this chapter (Anatomy of the Diop-

tric System, Terminology, and The Accommodative Process) provide back-

ground and terminology for the research. The subsequent sections

(Accommodation Speed Optometers, Accommodation Speed Research, Related

Vision Research, and Related Choice—Reaction Research) constitute a

review of the literature.

Anatomy of the Dioptric System

The visual sense is a physiological mechanism which allows
electromagnetic radiztion to enter the body and be focused onto a
series of nerve endings which transmute the waves into nerve impulses
which can be interpreted by the brain.

Referencing Figure 1, the eye has four functional components:
{1) a protective coat {(the sclera), (2) a nourishing coat (the chori-
oidea), (3) a dioptric system (discussed below), and (4) a layer of
sensory perception and integration fibers (the retina) (Elias and Pauly:
279-297)., It is the operation of the dioptric system with which this
research is concerned.

The opening of the eyelids allows light to enter into the diop-
tric system and pass sequentially through the following components,

Cornea, The transparent and strongly curved anterior portion
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Figure 1. Horizontal Section Through the Left Eyeball

of the eyeball which provides a portion of the refractive power of

the optical system,

Aqueous Humor. A clear liquid contained in the anterior cham-

ber of the eye, providing another refractive medium.

Iris. The pigmented, round, contractile membrane "perforated"
by the pupil.

Lens. A transparent, crystalline, flexible, biconvex body.

Ciliary Body. Contains the ciliary muscle, whose contraction

permits relaxation of the lens, causing an increase of curvature which
alters the refractive power of the dioptric system,

Suspensory Ligament. A non—extensible ligament which holds the




lens in position and maintains sufficient stress for the lens to focus
the entire dioptric system at infinity. When the ciliary muscle con-
tracts, the muscle shortens in the same plane as the suspensory liga-
ment, and the ligaments cease to exert force on the lens.

From the lens, the light waves pass through the posterior cham-
ber of the eye to fall on the retina; a thin translucent membrane, com-
posed of phatoreceptors and intercommunicating neurons, constituting

the sensory apparatus.

Terminology

Diopter

The diopter (abbreviated "d") is a unit of measure of the
refractive power of a lens, The reciprocal of the focal length of
the lens in meters is the power of the lens in diopters, The diop~
ter may also be used as a measure of the distance of an object from

the eye by the following convention:

g,
m

where d = distance in diopters, and Dm = distance in meters. Thus,
an object at optical infinity would be at a distance of 0,0 diopters;
an object two meters from the eye would be at a distance of 0.5 diop-
ters. (See Tables 10, 11, and Figure 11 in Appendix A for foot-meter-
diopter conversion charts,)

This measure is used to reflect that the lens deformation is
not linearly related to distance change. Refocusing from three to

two feet requires a far greater change in the curvature of the lens



than a shift in distance of 103 to 102 feet. The dioptric notation
accounts for this difference.

Myodiopter. A myodiopter represents the amount of change in
length of the ciliary muscle necessary to produce a one diopter change
in the refractive power of the eye.

Accommodation

Accommodation. The change in the posture of the lens necessary

to bring into retinal focus the image of an object in the visual field
is called accommodation.

Far Accommodated. The eye is far accommodated if the dioptric

system is constituted such that an object at optical infinity is fo-
cused on the retina. This would occur if the ciliary muscle was re-
laxed and the lens was affected solely by the suspensory ligament.

Near Accommodated. When the ciliary muscle is fully contracted,

the suspensory ligament is superseded allowing the lens to relax and
increase its curvature such that an object located close to the eye

is in focus on the retina. This minimal focal distance is near accom-
modation.

Positive Accommodation. If the eye is fixated on a given ob-

ject, and then fixated on another object farther away, the change in
the dioptric system is called positive accommodation,

Negative Accommodation. The change in the dioptric system asso-

ciated with a change in fixation to a point nearer the eye is called
negative accommodation.

Physical Amplitude of Accommodation, The maximum number of




diopters the eye can change in refractive power is its physical ampli-

tude of accommodation.

Physiological Amplitude of Accommodation. Physiological ampli-

tude of accommodation represents the maximum number of myodiopters the
ciliary muscle can change its length.

Accommodative Latency. In many physiological activities, there

exists a period of seeming inactivity between the instant of stimulation
and the beginning of response. Accommodative latency identifies that
period beginning when an object appears out of focus on the retina and
ending when the dioptric system initiates its response.

Accommodative Movement Time. The time period beginning with the

start of actual change of the shape of the lens and terminating with the
arrival of the steady state fluctuations at the new level of accommodation.

Accommodation Rate. The average speed with which the lens changes

its refractive power, excluding latency. It is the change in refractive
power of the lens (in diopters) divided by accommodative movement time
(in seconds).

Speed of Accommodation. The time period beginning when the eye

is stimulated by an object in the visual field which is out of focus

on the retina and ending when the object is in focus on the retina is
the speed of accommodation. The speed of accommodation is equal to the
accommodative latency plus accommodative movement time.

Eye Focus Time. Eye focus time is the time required to focus

the eyes on an object and look at it long enough to determine certain
readily distinguishable characteristics within the area which may be

seen without shifting the eyes.



The Accommodative Process

Objects located in the visual field reflect varicus wavelengths
of the electromagnetic spectrum to the outer portion of the eye, the
cornea. The cornea and the aqueous humor together provide most of
the refractive power of the eye, about 43 diopters. While this refrac-
tive power is relatively constant, the eye can vary its total refrac-
tive power by changing the curvature of the lens.

When the ciliary muscle is relaxed, the lens is supported by
the suspensory ligaments, and assumes a shape such that a light source
infinitely far from the eye is focused on the retina. TFor an object
closer to the eye to be in focus, the curvature of the lens must be
increased; this is accomplished by contraction of the ciliary muscle.
The ciliary muscle connects the equator of the lens with the outer
shell of the eyeball, As the muscle is excited, the circumference
of the eyeball is reduced by shortening the radius. This action ne-
gates the effect of the suspensory ligament, allowing the lens to
relax and assume a sharper radius of curvature, thus increasing its
refractive power. The anterior surface of the lens changes from its
spherical configuration to become almost parabolic.

As the ciliary muscle contracts, various extrinsic muscles si-
multaneously function to accomplish convergence of the visual axis of
both eyes. (See Figure 2.)

Brodkey and Stark proposed a model wherein the accomodative pro-
cess operates as a servo system, with the refractive power of the lens
oscillating about the point of proper refraction. Alpern proposed in

1958 that it is this steady state harmonic motion that cues the eye
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to the proper direction of change when the stimulus distance is
changed. This proposal drew immediate support from research confirm-
ing such oscillations with a frequency of two cycles per second
(Campbell, Westheimer, and Robson, 1958). (See Figure 3.) Examina-
tion of published charts revealing these fluctuations indicate that

the oscillations are on the order of % 0.1 diopter about the correct
refractive power (Phillips, et al: 396; Stark, et al: 76; Campbell

and Robson: 271; Campbell, et al: 669; Campbell and Westheimer, 1959:
570; Campbell and Westheimer, 1960: 288-291; Cormsweet and Crane: 552).

With the lens under tension from the suspensory ligament (i.e.,
the ciliary muscle is relaxed), the power of the dioptric system is
on the order of 60 diopters. Since the lens is still soft and pliable
in young people, an additional 14 diopters of power can be produced
by maximum effort of the ciliary muscle (Dartmnall: 329-330).

Except at a very young age, the physiological amplitude should
always be greater than the physical amplitude, and the physiological
amplitude is believed to remain constant throughout life (Alpern, 1962:
211). This implies that although the ciliary muscle may still be
quite strong, it is not strong enough to overcome the loss of elastic-
ity of the lens.

For many years, ophthalmologists have been aware of decreases
in the range of accommodation with age (Hofstetter, 1944; Alpern, 1962;
Fitch, 1971). There is a particularly sharp decrease in amplitude of

accommodation between the ages of 30 and 35 years. (See Table 1.)
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Table 1. Decreases in Mean Amplitude
of Accommocdation with Age

Over-all Mean

Age Group Amplitude of Accommodation
(Mean years) (Diopters)
15 13.86
20 12.20
25 12.08
30 10.53
35 7.72
40 5.85
45 3.82
50 2.79
55 1.96
60 2.02
65 1.51

Accommodation Speed Optometers

Westheimer (1957)

At Ohio State University, Westheimer developed an optometer
that could detect the distance at which the eyes were focused when
presented with an empty visual field. Two horizontal parallel beams
were flashed inte the subject's eye, after passing through a slit at
a known optical distsuce. If the bears appeared vertically aligned,
then the eye was focused at a distance equal to the distance of the
slit from the eye, If the top beam was displaced to the left, then
the eye was accommodated at a higher level (a closer point) than the
slit. If the top beam was displaced to the right, then the eye was
focused at a lower level (a point farther from the eye).

Accommodation speeds were not reported. However, since the

beam was flashed for only 0.02 seconds, successive trials could have
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been conducted while the subject was undergoing a dioptric shift, to
estimate speeds of accommodation.

Campbell and Robson (1959)

In the late 1950's, researchers at the Physiological Laboratory
in Cambridge, England developed a high-speed infrared optometer.

While the subject viewed the image of a target on a small mir-
ror, two narrow beams of light, a few millimeters apart, were focused
through lenses to the focal plane of the eye., A reflection cube was
placed immediately in front of the eye, which allowed the light beams
to enter the eye undisturbed. The image of the beams on the retina
could then be observed via the reflecting cube. Knowing the actual
separation of the beams, and calculating their separation on the reti-
na, the focal power of the eye could be determined. By passing the
beams through an infrared (ir) filter, the system would allow only ir
wavelengths to enter the eye; thus the eye would react only to the
movement of the target, and would be unaffected by the ir beams. The
position of the beams on the retina could then be detected by ir sen-
sitive photocells, placed in position to receive the beams' image on
the retina, reflected through the reflecting cube. The eye was dilated
to enlarge the pupil diameter to allow the ir beams to enter and be
detected.

To electronically measure the position of the beams via the
photocells, an alternating current was induced by passing the beams
through a double aperture and a sector wheel. When the sector wheel
was rotated, the beams were alternately allowed to pass to the eye,

thus inducing an alternating current in the photocells. Moving a
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slit diaphram along the optical axis caused a blurred image of the
light beams on the retina. This aperture allowed the beams to be op-
tically placed at any desired distance. As the target's distance

from the eye varied, electronic measures of the degree of focus of the
light beams could determine the refractive power of the eye. Graph-
ing the output voltages of the photocells resulted in an accurate
representation of the accommodative process, over time (Campbell and
Robson, 1959). Numerous subsequent studies were conducted with this
device.

Warshawsky (1964)

Warshawsky reported an improvement on the Campbell-Robson op-
tometer that reduced the number of optical elements required and im-
proved light transmission. He also inserted a servo system which in-
creased the range of the device to 7.5 diopters (Warshawsky, 1964).

0'Neill and Stark (1967)

Research at the Presbyterian-St. Luke's Hospital in Chicago
resulted in the construction of an optical monitor which "records si-
multaneously and dynamically lens deformation, pupil diameter, and
accommodative vergence in human subjects" (0'Neill and Stark, 1957:
570).,

An illuminated target was moved along the optical axis of one
eye. The dioptric power of the lens was determined by measuring the
curvature of the anterior portion of the lens, through the use of an
ir beam and photocells. Concurrently, an ir-sensitive photodiode was
positioned to measure the pupil diameter. Another pair of diodes was

positioned on the opposite eye to measure its degree of vergence (0'Neill
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and Stark, 1957). Accommodative latencies were first recorded on
this optometer.

Cornsweet and Crane (1970)

By the late 1960's, the basic approach developed and reported
by Campbell and Robson had been refined by investigators working at
the Stanford Research Institute. 1In this modification, a servomecha-
nism was introduced which moved the apparent distance of the ir source
(via the slit diaphram) to a position such that it was in focus with
the image on the retina.

This procedure ylelded a somewhat greater sensitivity and
enabled additional studies on the speed of the accommodative process.
The device enabled a direct measure of refractive power and could be
used on an undilated eye.

Sychev (1971)

Sychev reported an alternative approach to measuring the speed
of accommodation that he used at the Kharkov Medical Institute in the
U.5,S,R. To measure positive accommodation, the subject was exposed
to a test object (two small vertical lines) on a screen 33 mm. from
the eyes, The timer started when this screen was rapidly removed from
the line of vision, exposing a written text at a distance of 5 m.

Once the subject began reading the text, the clock was stopped by the
signal from a larynxophone, which had been fixed over the subject's
larynx. By independently determining the subject's "sight-speech reac-

"

tion time," the accommodation time for the trial was determined by
subtraction (Sychev, 1971).

Another approach used by Sychev was to rapidly switch lenses
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in front of the subject, As soon as the text was readable, the clock
was halted, and the accommodation time was determined.

Phillips, Shirachi, and Stark (1972)

The School of Optometry and the Department of Mechanical Engi-
neering of the University of California at Berkeley jointly developed
an accommodation optometer which determined the dioptric power of the
lens by measuring its anterior curvature on photographs taken while
the subject monocularly viewed targets at various distances. Dynamic
measures were achieved by improvements on the O'Neill-Stark optometer
described earlier (Phillips, Sirachi, and Stark, 1972),

Conclusions

With the exception of the Sychev system, the optometers reported
explored the accommodation of only one eye, Further, Sychev was the
only investigator to consider target size. The majority of the studies
were concerned with physiological and anatomical measurement. It is
this aspect that has importance in the industrial setting rather than

more general human performance measurements.

Accommodation Speed Research

Westheimer (1954)

Alpern (1962) reported on research conducted by Westheimer in
1954, Westheimer noted that when slow changes in the distance of an
object from the eye were made, the eye had considerable difficulty in
tracking the object. The eye consistently failed to match the target
velocity correctly, and even made rather large changes in the incorrect

direction (Alpern, 1962; 193), It should be noted that these incorrect
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changes were in following a moving target. Later research has shown
the eye to be uncanny in correctly accommodating for a fixed target
change of distance (Campbell and Westheimer, 1959).

Campbell and Westheimer (1960)

Using the optometer developed by Campbell and Robson, Campbell
and Westheimer conducted experiments wherein subjects were required
to refocus their eye from an object at optical infinity to a point 50
cm. from the eye. A delay of 0.37 ¥0.08 seconds was detected before
the eye started to change accommodation. The delay was named '"accom-
modative latency." They found far-to-near accommodation (negative
accommodation) to have a consistently shorter latency than near-to-far
(positive) accommodation. They reported a total elapsed time from on-
set of stimulus to a "reasonably stable level of accommodation" of one
second, but the distance involved was not disclosed (Campbell and West-
heimer, 1960: 289).

Their optometer recorded a maximum velocity of the lens in
changing accommodation of 10 diopters per second. This velocity was
recorded during a two diopter change in distance (Campbell and West-
heimer, 1960: 288).

Methods-Time Measurement Association (1964)

The Methods-Time Measurement Association currently estimates
the time required for eye focus as being 0.2628 seconds (MIM: Day VIII-1).
Supporting data for these estimates were not specified. It should be
noted that there is quite a disparity between their estimate and other
reported results. Part of this difference may be due to the defini-

tions of eye focus and accommodation, The rather special applications
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of their estimate, and its use with other estimates which may have
some assumptions concerning eye focus, may account for the disparity.

Stark, Takahashi, and Zames (1965)

Using the Campbell-Robson optometer, Stark, Takahashi, and Zames
conducted further experiments in the 1960's. They found an accommoda-
tive latency of 0.36 seconds for negative accommodation, and 0.38 sec-
onds for positive accommodation, reconfirming the results of Campbell
and Westheimer. Once the latency was completed, for both modes of
accormodation, they reported a period of 0.4 seconds to complete the
accommodation for a 0.8 diopter change. This represents a speed of
two diopters per second (Stark, Takahashi, and Zames, 1965).

0'Neill and Stark (1968)

0'Neill and Stark identified the accommodative process as being
composed of the modification of three eye components, each of which

had its own latency. These latencies are summarized in Table 2. The

Table 2. Latencies Reported by O'Neill and Stark

Target Distance Change

System 5 to 8 Diopters 8 to 5 Diopters
Lens 300 msec. 280 msec.
Pupil 430 400

Vergence 160 180

pupil latency is associated with a change in light levels. The values
shown on the table represent the results of one subject, but the au-

thors claim that his times did not wvary significantly from two other



19

subjects tested. The stimulus shifts were initiated randomly and the
subject was not told in advance when they would occur . (0O'Neill and
Stark, 1968). From this research we may conclude that although there
is a latency associated with vergence, it is the lens' latency that
is critical and will determine when the eye can actually begin to
accommodate.

Cornsweet and Crane (1970)

Researchers at the Stanford Research Institute found accommoda-
tive latencies on the order of 0.4 seconds. Although they found the
latency to be rather common for subjects of all ages, they report
great variation in the speed of accommodation, with velocities varying
from 0.22 diopters per second to 20 diopters per second; the latter
having been previously recorded by Randle of NASA Ames Research Cen-
ter (Cornsweet and Crane, 1970: 553).

Sychev (1971)

Over a three diopter change, Sychev reported near-far accommo-
dation times of 0.58 to 0.69 seconds, and far-near accommodation times
of 1.16 to 1.62 seconds, both including accommodative latency. Myopes
(near-sighted individuals) recorded near-far accommodation times of
0.95 to 1.11 seconds, Myopes far-near accommodation times were about
the same as those with “"normal" vision (Sychev, 1971).

Phillips, Shirachi, and Stark (1972)

Using their own optometer, Phillips, Shirachi, and Stark found
a mean accommodative latency to an unpredicted stimulus of 0.386 sec~-
onds. Again, positive accommodation was somewhat quicker, negative

accommodation was somewhat slower. No report was made of the speed
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of accommodation after the latency period (Phillips, Shirachi, and
Stark, 1972).
Conclusions

Accommodative Latency. Numerous investigations have revealed

an accommodative latency on the order of 400 msec. These findings

are summarized in Table 3. Understanding the process of accommodation,
the different values for positive and negative accommodative latency
are to be expected since negative accommodation (far-—near) is accom-
plished by the excitation of the ciliary muscle, while positive accom-
modation (near-far) is a result of the relaxation of the ciliary muscle,

Accommodative Movement Time. Comments on the speed of the diop-

tric change, once the latency period is concluded, are mentioned only
in passing in the literature. The reports are summarized in Table 4.
The wvariance of the speeds is of interest. The greatest dioptric
change in the current study is 1.23 d, between two and eight feet.
The minimum reported speed (0,22 d/sec., reported by Cornsweet and
Crane, 1970) would indicate a time of 5.6 seconds for the accommoda-
tion process, excluding latency, as opposed to 0.06 seconds for the
fastest change (20 d/sec., reported by the same authors), However,
as the dioptric change associated with these speeds was omitted from
the reports, strong inferences cannot be made as to their applicability
to the present study.

If the standard latency of 0,40 seconds is added to the move-
ment times reported by Campbell and Westheimer, their findings compare
favorably with Sychev's (taking note of the former being a 2 d change

as opposed to the latter's 3 d change).



Table 3. Reported Accommodative Latencies

+ Accommodation ~ Accommodation + Accommodation
Campbell & Westheimer (1960) 370 msec. 380 msec. 360 msec.

Stark, Takahashi, & Zames (1965) 370 380 360
0'Neill & Stark (1968) 290
Yoshida & Watanabe (1969) 400
Cornsweet & Crane (1970) 400

Kasai, Fujii, et al (1971) 441 431 451
Vandenbrekel, Polse, & Stark (1971) 19

Phillips, Shirachi, & Stark (1972) 386 420 357
Cornsweet & Crane (1973) 400
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Table 4, Reported Accommodation Rates and Movement Times

-== Movement Time ———-
(far-near) (near-far)

Remarks

Accommodation
Rates
Campbell & Westheimer (1960) 10 d/sec
Methods-Time Measurement (1964)
Stark, Takahashi, & Zames (1965) 2 d/sec
Cornsweet & Crane (1970) 0.22 d/sec
20 d/sec

Sychev (1971)

0,56 sec 0.64 sec

0.26 sec 0.26 sec

0.58+0.69 sec 1.16-1.62 sec

Change of 1 d
All shifts

Change of 0.8 d

Change of 3 d
Latency included

Zc
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Related Vision Research

Il1lumination Levels

Research conducted at the Aero Medical Laboratory at Wright-
Patterson Air Force Base concluded that there is evidence of an in-
crease in the refractive power of the eye as the level of illumination
is lowered (Chin and Horn, 1956). This finding has been confirmed by
other studies (Campbell, 1953: 926; Alpern, 1958: 197),

Binocular vs, Monocular Vision

Fitch concluded that a larger range of accommodation was evi-
denced through binocular vision than could be gained through monocular
vision (Fitch, 1971: 9253).

Environomental Effects

Studies at the U,S5. Army Research Institute of Environmental
Medicine at Natick, Massachusetts indicated that the wvisual sense was
unaffected by temperature variations down through -20°F, or by wind
speeds up through 20 miles per hour. Further, ne interaction could
be detected between temperature and wind speed on the visual sense

(Kobrick, 1965b).

Related Choice-Reaction Research

Stimulus Intensity

Numerous studies have concluded that the wvisual response time
becomes shorter as the intensity of the visual stimulus 1s increased
(Teichner, 1954; Minucei and Connors, 1964; Bartlett, 1968; Pollack,

1968),
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Number of Receptors Stimulated

An earlier study (circa 1908) indicated that as the size of
the retinal area stimulated was increased from three to 48 square
millimeters, reaction time decreased from 195 to 180 msec, (Teichner,
1954: 131-132), The implication is that the larger the visual stim-
ulus, the quicker the response time. However, the magnitudes should
be noted, The stimulus size was increased sixteen-fold to achieve an
eight percent decrease in response time.

Stimulus Location

Studies have indicated that the response time to a visual stim-
ulus is unaffected by the location of the stimulus, provided it appears
within a cone 38° from the central visual axis (Kobrick, 1965 a).

Stimulus Uncertainty

Research has shown that reaction time is positively correlated
to the uncertainty of the stimulus (Bernstein, et al, 1967). (See Table

5.)
Table 5. Reaction Time as a Function of Stimulus Uncertainty
(After Bernstein, Schurman, Forrester, 1967)

Stimulus Composite As % of 1 Bit
Uncertainty Reaction Time  Reaction Time

0 Bits 316 msec. 95.2 %
1 332 100.0
2 348 104.8
3 357 107.5

Binocular vs. Monocular Vision

Experiments have indicated that binocular vision results in
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faster reaction times than monocular vision (Minucci and Connors, 1964).

Preparatory Set

A number of studies seem to Indicate that response time can be
decreased by the presentation of a preparatory signal from 1.5 to 4
seconds prior to the stimulus (Teichner, 1964). Later studies have
indicated that even simultaneous stimulation of audio and visual chan-
nels would decrease reaction time (Bernstein, Clark, and Edelstein,
1969). The implication is that any switching noises, concurrent with
the onset of the stimulus, will decrease the response time to the
visual stimulus.

Ambient Noise

Although little research has been reported on reaction time
for the case where the subject is alerted to the imminent display of
a stimulus, the research concludes that ambient noise has little ef-
fect on the reaction time of the operator (Mirabella and Goldstein,
1967: 281). Studies have indicated that response time to a visual
stimulus was adversely affected by high ambient noise levels. The
report stresses the need for greater accuracy in recording light and
noise levels when conducting experiments on reaction time (Medeiros,

White, and Ayoub, 1965).

Temperature

A number of studies have concluded that ambient temperatures
from -50° to 117°F have little or no effect on reaction time (Teichner,
1954: 141).

Body Position

Reaction times generally decrease immediately after changing
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the body position, The concensus seems to be that the body should be
in the most comfortable position for quickest reaction times (Teich-
ner, 1954: 138).
Sex

Although there appears to be detectable differences in the reac-
tion times between sexes, the differences appear to be slight and high-
ly dependent on the mode of response elicited (Teichmer, 1954: 132).
Age

Practically all investigations have revealed an increase in
response times with age (Forbes, 1945; Teichner, 1954; Deupree and
Simon, 1963), While response time is significantly related to age,
no mathematical equation can readily express the relationship. The
fastest responses have generally been recorded by subjects in the
early twenties, Consistency of response is greatest at approximately

thirty years of age (Pierson and Montoye, 1958: 420).

Response Mode

A number of reports have concluded that response time with the
left hand is slower than the right (Teichner, 1954: 139).

The response time to a (a) dim and (b) bright flash as measured
by (1) the muscle action potential (MAP) in the triceps brachii, (2) the
force pattern in a semi-rigid lever as detected by a strain guage, and
(3) the closing of a microswitch activated by the above lever, were

compared by Bartlett, (See Table 6.)



Table 6.

Stimulus

Dim Flash
Bright Flash

Mean

()

Response Times of Selected Response Indicators
(after Bartlett, 1963)

Strain
Microswitch Guage MAP
167,6 msec. 142.2 msec. 113.6 msec.
157.8 132.8 105.1
162.7 msec. 137.5 msec. 109.4 msec.
16,5 13,9 14.2

27
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CHAPTER III

OPTOMETER DESIGN

Principle of the Method

Two elght foot tunnels are positioned at right angles with a
half-silvered mirror positioned diagonally across their intersection.
Landholt Ring displays may be positioned in each tunnel at any one
foot increment, from two through eight feet from the subject. White
light fields are mounted at the far end of each tunnel. Whichever
light field is illuminated causes the subject to focus on the display
in that tunnel (either reflected or transmitted by the half-silvered
mirror). A Master Control Switch (MCS) simultaneously turns off one
light field, turns on the other light field, and starts the clock.
When the subject's eyes have accommodated to the second display suf-
ficiently to determine the orientation of the display (gap left or
right), a Response Switch (RS) is thrown in the corresponding direc~
tion; this action stops the clock. (See Figure 4,)

A series of trials may be conducted, fixing the distance of
the first display, and randomly varying the distance of the second
through all other possible distances. Determining the response time
to the equidistant display and subtracting this time from each of the
mean response times for the other distances reveals the time attrib-
uted to the accommodative process. By varying the size of the dis~
play pairs, the accommodation time for a given level of visual acuity

may be determined.
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