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ABSTRA.CT

Previous research on the accuracy of distance estimation of

targets viewed through a water-glass-air interface (such as through a

divel·'s facemask) has been inconsistent with effects predicted from

optical principles involved. Emphasis was on the amount and types of

.adaptation occurring after adjusting for the effects of distortion at

close (arm's reach) distances.

The recoding of sensory processing systems underlying adaptive

performance was investigated with reference to existing prismatic

distortion results. Distance estimation was utilized as the dependent

measure, with consideration given to the function of oculomotor cues

from accommodation and convergence. Reference was made to Festinger's

theory of efferent readiness by stressing learning of efferent

response sets activated by afferent visual input.

The effects of different forms of sensory recoding after pro­

longed exposure to distorted visual input was investigated, with 18

experienced and 18 novice divers performing eye-hand coordination

tasks during an adaptation (warm-up) and an experimental session.

DIlring the former perio~, 24 minutes underwater, §.S practiced reaching

tasks requiring ballistic movement while minimizing visually guided

responding. Experimental tasks administered during the last 12 minutes

underwater differed on the amount of conflict with the distorted visual

input. After-effect measurements were taken in air after 12, 24, 30

and 36 minutes, on reaching responses to targets placed 7 and 14 inches



iii

from the §.. Measures of accuracy were supplied by both working and

non-working hands. Accuracy of distance estimating while underwater

was tested at the end of 0, 12, 24 and 36 minutes of practice in the

distorted environment; with §.S matching targets set at 6, 12 and 18

inches. Only working hand responses were collected for the under­

water testings.

Comparison of working and non-working hand responses on the after­

effect measurements provided an indication of visual vs. proprioceptive

adaptation. Results showed that experienced divers adapted with both

working and non-working han~s. Novice divers exhibited adaptation only

with their working hand during the adaptation session, but showed soma

evidence of non-working hand adaptation during the experimental phase.

Initially, working hand responses did not difi'er for the two experi­

ence groups, whUe experienced divers demonstrated significantly more

adaptation with their non-working hand than did the novices.

Experienced divers significantly increased adaptative responding with

working and non-working hands over time, whUe novice performance did

not change after the second 12 minute practice session. The results

.were taken as evidence of visual adaptation by §,S experienced in per-

forming in the distorted environment, and proprioceptive adaptation

for inexperienced §.s.

Adaptation over time was apparent from underwater distance

estimation results. Increased underestimation £rom air pretests

occurred as the target placement distance increased. Novices exhibited

significantly greater loss in accuracy on initial underwater measure­

ments, gradually reaching the level of proficiency of the more
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experienced divers. Neither group demonstrated perfect adaptation

during the 36 minutes of underwater testing for the 12 and 18 inch

distances, although adaptation was complete for the closer (6 inch)

placement.

Interp~tations for increased adaptation at closer distances

were presented. Rationale were provided to integrate existing reports

of distance overestimation with underestimation of distance found in

the present investigation, and that predicted by optical principles.

FUrther experiments designed to clari.1'y the controversy between visual

and proprioceptive rest1'l1cturing were suggested.

,., 0'':'
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CHAPTER I

One major emphasis in contemporary inch1strial researoh is direoted

toward determining the feasibility of humans dwelling and laboring in

an underwater environment for extended periods of time. Undersea

habitats have been developed to prolong the time a diver may £\mction

underwater by effeotively reduoing time required for decompression per

hour of work. The Conshelf, Sealab, Man-in-Sea, and Tektite investi­

gations have delllOnstrated that man oan survive and £\motion while

submerged for long periods under the sea.

It is recognized that as divers pass in and out through an inter­

faoe between the water and the artificial atmosphere of their habitat

they are exposed to two vastly different environments. '!he perceptual

effeots of frequent changes between the heavier density water and the

lighter air atmosphere apParently have not reoeived extensive

investigation. In particular, the degree to which the visual inpnt

is peroeptually distorted, and the amount and type of adaptation that

ooours to this distorted inpnt have not been adequately determined.

'!he present research pnrports to investigate the ability of novices

and experienced divers to adapt to distanoe distortions experienoed in

viewing through a facemask while underwater.

ViSUal Performance Studies of' Divers

Of' the available literature on underwater vision several have been

conoerned with defining and improving the visual field of the diver

(Weltman, Christianson, and Egstrom, 196.5; Barnard, 1961; Faust and
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Beckman, 1966), and testing the limitations of contact lens and other

corrective lens devices (Faust and Beckamn, 1966; Newton, 1967).

Weltman and Egstrom (1966) have investigated the perceptual narrowing

of a diver's visual field with a vigilance task and concluded there

is some restriction of the perceptual field - most probably due to

perceived stress.

Studies of visibility of colors underwater, and adaptation to the

homogeneous color fields experienced whUe diving have been reported

by Kinney and co-workers (Kinney, luria, and Weitzman, 1967, 1968b;

Kinney and Cooper, 1967). The latter laboratory study verified sub­

jective reports of color adaptation in divers, where the normal blue­

green background of the sea appears colorless and normally neutral

.. - _. --color.s take on various yellow-red hues. Kinney and Cooper (1967)

found that sizable changes in the phenomenal appearance of colors

appeared within five minutes of exposure to homochromatic visual

worlds designed to simulate the fields experienced by divers. 'lhe

authors interpret this as a shift in color perception of the diver as

he adapts to a blue-green visu~ world. As will.be noted, the ability

of an individual to adapt to changes in visual stimulation has been

heavily documented. Kinney and Cooper proVide evidence of one type

of human plasticity toward distorted sensory inpllt.

Visual acuity underwater has also been a freq,uent area of

investigation. Since fUrther discussion of visual-motor performance

underwater will be directly related to changes in acuity of the diver,

a brief synopsis of the literature appears justified. There appears

to be general agreement that visual acuity does not necessarily suffer



underwater. Kent (1966) found that minimum separable acuity with

Landolt ring targets was improved underwater relative to air. Faust

and Beclanan (1966) corroborated these results by measuring performance

on. standard Snellen charts. They reported increased visual aucity

underwater with standard (uncorrected) facemasks, and an even greater

increase in acuity with corrected air-water lenses. These results

are probably due to the increased apparent size of the object in water.

Christianson (1968) also found that visual resolution of divers did

not significantly change in water when image magnification was

controlled by matching virtual images. The· author concluded that a

diver in clear water can resolve an adequately illuminated target with

at least as good an accuracy as he can in air, although the time

required to perceive and respond to the presentation of a target

significantly increased when the diver was in water rather than air.

However, Baddeley (cited in Ross, 1967a) found no improvement in

performance at an acuity task conducted in the ocean, even at very

near distances. It is significant to note that this latter study was

the only one conducted in the open ocean. Possible introduction of

factors such as decreased illumination due to depth and murldness of

the water, stress and cold could account for Baddeley's results.

Ross (1967a) measured stereoscopic acuity thresholds in the

open ocean for good-acuity and poor-acuity divers and found that

stereoacuity is reduced underwater, particularly for low-visibUity

water, because of lower illumination and brightness contrast. WhiJ.e

stereoacuity is theoretically independent of viewing distance on land,

when measured in angular terms, it should deteriorate with distance in
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water due to decreased brightness contrast. This effect was found

for poor-acuity divers but not for good-acuity divers. Ross reports

that for typical ocean testings stereoacuity can be reduced by a

factor of at least ), with the resolution increasing for greater

depths or murkier water.

In comparing stereoacuity for targets in air and in water of

varying clarity, other investigators have corroborated Ross's results;

reporting a decrease in stereoacuity in water deteriorating as the

clarity of the water decreased (Illria, 1968a; Luria and Kinney, 1968b).

'!he authors also found that stereoacuity decreased in air when there

was a loss of peripheral cues. In a related above water study Kinney

(1968) measured resolution acuity and stereoacuity with visual fields

of varying size. Resolution acuity showed no marked changes, while

stereoacuity was progressively reduced as the field of view as con­

stricted (Luria, 1968b), suggesting that the.·reduction in visual

stimuli available to the diver underwater should account for some

of the noted loss in stereoacuity.

While loss of stereoacuity can severely restrict the accuracy

of distance and depth perception, in a fresh water pool with high

visibility the phenomenon should be effective only at great distances.

In a shallow clear pool resolution acuity should be enhanced, and

stereoacuity should not be restricted to any appreciable degree for

targets placed within arm's reach of the subject, since this latter

effect appears due to lower illumination and contrast, particularly

for viewing distances around 40 feet.
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Distance Perception Underwater

Only a few investigations have been reported attempting to define

the extent of observed size and distance changes underwater. On a

questionnaire administered to 100 professional Navy divers, Kent (1966)

found that .50 percent of the expert divers thought objects looked

clearer underwater than above, 39 percent reported no difference in

clarity in air or in water. Among the 78 percent who felt that depth

perception was different underwater, 94 percent reported objects

looking closer in water than in air, whUe six percent reported the

reverse. The recently pllblished investigations into distance judg­

ments underwater have tended to disagree with the subjective reports

of the Navy divers.

Ross (1965a) has reported a measure of size-constancy of divers.

She noted that measured constancy ratios were greater in clear water

than on land. As was expected from the physical principles under­

lying underwater visual distortion, Ross found a decrease in reported

apparent distance in clear water, but increases in apparent distances

in murky water. The author attributes the former effect to refraction;

the latter effect is attributed to distance cues avaUable from

particles suspended in the water. In a similar article Ross (196,5b,

1968) reported that size underwater was greatly overestimated, with

marked variabUity due to the target distance. Similar above water

measurements were slightly underestimated, but showed little change

with observation distance. In measuring distance estimations, Ross

found that estimations made in air and in water were both greatly

underestimated for targets placed from 1.5 to 7.5 feet from the subject,
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actually registering below the 3/4 optical distance expected in water.

The underwater estimates were less than the air estimates at near

distances, but beyond 40 feet they were markedly greater. The author

attributes this relative overestimation at far distances to be due to

a loss of contrast between the object and its background. Ross

(1967b) reported an additional study where the distance estimates

underwater for targets placed from 15 to 60 feet were always greater

than the 3/4 land distance, or optical distance in water. As in her

earlier study, she found targets in water were overestimated relative

to targets of the same distance in air for distances greater than 50

feet.

Iuria, Kinney and Weissman (1967) report results somewhat

contrary to Ross. For distances between 4 feet and 15 feet the

authors found an overestimation of apparent distance for st1muli in

the water, relative to actual distance, whUe the air estimates were

fairly accurate. The water measurements werE' substantially greater

than the equivalent air measurements for greater distances as reported

by Ross. Since the measurements were taken in a turbid lake, luria,

et ale attribute the overestimation of distances underwater to the

almost complete scattering of light-rays by the water, resulting in

excessive homogeneity of sti.mu.lation and absence of distinct cues.

Contrary to size-distance invariance hypothesis, the authors report
,

increased apparent size underwater concommitant with increased apparent

distance. Kent (1966) also reported overestimation of actual distances

for underwater sti.mu.li placed further than 3 feet from the diver, but

apparently little distance estimation error was found below 3 feet.
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In an effort to clarify the effects of turbidity on size­

distance estimations Kinney, Inria and Weitzman (1969) took distance

estimations or targets ranging from 2 to 16 feet from the subject,

in clear and turbid water conditions. They report a resolution of

the conflict between overestimation fo'und in field experiments, and

the underestimation expected from optical principles. Underestimation

was found to be effective only under ideal conditions of clear water

and distances within "about arm's length or less." Under all conditions

the authors report overestimation of the optical distance, with this

overestimation actually exceeding the physical distance under poor

viewing conditions. They round that low contrast, diffusely illuminated

hOlOOgeneous field of view, uniform visual stimulation, and a paucity of

distinct visible stimuli interfered with accurate depth perception,

yielding an overestimation of distance. In an above water study

designed to investigate the overestimation of apparent distance, Iuria

and Kinney (1968) found that lack of specific cues and loss of target

contrast both contributed to overestimation of target distances,

although the magnitude of overestimation was mch greater for situations

lacldng in distance cues than for those with low contrast only.

There appears to be some lack of agreement in the results of the

distance estimation studies, although overestimation of apparent

distance relative to actual distance and air estimates appear to be

consistently reported. This error in accuracy of distance estimation

is most probably du~. to !he reduced contrast and loss or normal distance

cues in the water. luria, et ale (1967) also attribute the over­

estimation or distances to homogeneity or stimulation and absence or
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distinct distance cues caused by the almost complete scattering of

light-rays by the water. Of interest here is the fact that none of

the above studies provide resuJ.ts predicted by the optical changes

occurring through a water-air interface. 'lhe loss of distance cues

placed far from the diver introduces confl1sion into the interpretation

of resuJ.ts.

None of the above studies were specifically concerned with the

optical changes and attendant distance estimations within arm's length

reach distances; although Inria, Kinney and Weitzman (1969) report

underestimation under ideal conditions for targets within arm's length

reach. 'lhese resuJ.ts indicate some difference between estimations

made for targets at very close distances and those at greater distances.

The present investigation attempts to concentrate on apparent distances

within arm's length reach, as it is felt that these distances will be

less affected by the problems of loss of contrast and illumination

found in previous studies. Additionally, the information on distance

estimation and its attendant response at arm's length distances should

prove pertinent in preparing man for work in the undersea environment.

It was also thought that more accurate distance estimations, reflecting

optically altered apparent distances, could be obtained at closer

distances, since additional cues are available that are less effective

for judgments of greater distances.

Physical Principles Underlying Water-Air Distance Distortion

The amount and direction of optical distortion of apparent dis­

tance can be accurately determined by application of physical principles
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to the passage of light rays through media of dirfering density.

Since the angle of incidence (+) of an incoming ray is subject to the

laws of refraction (n1 sin + =~ sin ~) and the refractive, indices

(n) of air, water s.nd glass are dirferent, refraction of incident

rays through water-glass and glass-air interfaces can be calculated.

Figure 1a illustrates the passage of light rays from an air environ­

ment through glass to air again. With identical refractive indices

before and after the glass, the light rays leaVing the heavier medium

will travel parallel to the direction they enter (+ =~). In a

situation where visible light reaches a diver through a conventional

facemask, the passage of light will be from water through glass to air

(Figure 1b). Since the refractive index for water differs from that

of air, the angles~ and ~. will be unequal; thus light leaving the

glass is no longer parallel to the direction from which it entered.

Therefore, the visual angle (and the resulting retinal image subtended

by the stimulus) will be greater in the water-glass-air viewing con­

dition than in the air-glass-air viewing condition.

Typical values for the refractive index of glass are 1•.50 to 1.60,

with an average of approximately 1.,54. The refractive index of air is

1.00, by definition, while that of water is 1.:33. Because of the

relative thinness of the stardard glass faceplate (approximately 3 mm.)

minimal distortion will be contributed by the glass, and its effects

will be "generally omitted from the following discussion. Emphasis will

be placed on a theoretical water-air interface. Since the refractive

index of water is 1.33 times that of air, an increase in angle of

incidence of 1.33 is anticipated for light rays passing through this
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interf'ace, causing retinal size to also be increased by a f'actor of'

1.33.

Because the retinal image in an underwater viewing situation is

considered to be increased by this f'actor of' 1.33, an object of' a

given size in air would have to be 3/4 closer to the eye to match the

enlarged retinal image underwater. Since this is the case, the per­

ceived distance of' an object could be considered as a fUnction of

increased visual angle subtended by the object. However, Gogel (1963,

1968) demonstrated that retinal size cannot serve as a cue to absolute

distance unless the actual size of' the object is know. Recognizing

this relationship, Ono and O'Reilly (1969) have shown that the change

in retinal angle cannot be the explanation f'or decrease in apparent

distance underwater, since subjects unaware of' the actual size of the

stimulus still underestimated the distance of' the object when viewed

in water.

Additional processes are necessary to explain change in apparent

distance underwater. Two such processes thought to be involved in

perception of' decreasing apparent distance underwater are convergence

and accoDDDOdation, as both are based on muscular f'eedback and are

recognized distance cues for close (arm's reach) distances (Gregory,

1966; Ross, 1968a). Figures- 2a and 2b illustrate the increased con­

vergence of' the eyes when attending an object at a f'ixed distance

while viewing through a water-glass-air interf'ace. Here the convergence

is greater due to the greater divergence of' the light rays upon leaving

the glass. Figure 2a illustrates some change in apparent distance due

to the effect ot the glass, but this eff'ect should be negligible for
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thin plates, and is depicted by a straight line through the glass in

Figure 2b. Since convergence is a known cue to distance, ohange in

the d~gree of convergence, reflected by change in the angle of incident

light after passing through media of different refre.ctive indices,

should contribute to change in apparent distance of an object when

vie~d underwater.

Figures 3a and 3b depict the increased accommodation needed for

viewing through the water-glass-air interface relative to the air­

glass-air interface. In the former condition accommodation should

increase because of the greater divergence of the light rays after they

leave the glass. Since this change in accommodation is correlated with

change in the refractive indices of the media through which an object

is viewed, the process might also serve as a cue to distance and be a

mediator of decreased apparent distance in water.

The loss of accommodation and convergence as cues to change in

apparent distance underwater may contribute to the cross-over effect

in distance estimation noted by Kinney, Luria and Weitzman (1969).

Use of distances within arm's reach should provide the best opportunity

for testing adaptation to this underestimation.

Adaptation to Distance Distortion of Targets Within Reaching Distance

Kinney, Inria, and Weitzman (1968a) investigated eYe-hand

coordination and adaptation over time for divers estimating distances

within arm length. They report complete adaptation to distance dis­

tortion occurring immediately for experienced divers. Novice divers

tended to underestimate apparent distances initially, reaching complete
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adaptation within 15 minutes after working on various underwater tasks.

Subjects with no experience in viewing underwater were £ound to show

considerable reduction in error o£ underestimation over time, although

they never reached the level o£ proficiency o£ the more experienced

divers.

Unfortunately, there are numerous design errors in this study,

including: too £ew subjects (only tw experts, £our novice divers, and

tw completely inexperienced subjects), and a rather arbitrary

definition of experience. The task was conducted in £our £eet of water,

with the subjects tloating on the surface using a £acemask and snorkel.

'!he "inexperienced" divers were said to have had "fairly extensive

snorkel-£acemask exposure and some SCUBA experience;" it appears as

though the "inexperienced" divers were skilled enough in the task they

were asked to per£orm to be considered "experienced." The study does

show, however, that adaptation to distance distortion underwater can

occur for subjects with diVing experience.

A study by Ono and O'Reilly (1969) demonstrated that both novice

and experienced divers produce apparent distance measures closely

matching those predicted by the laws o£ retract.ion, .i.e., stimuli in

water appear to be located at approximately 3/4 the real distance £rom

the diver. 'lhe authors also reported some tendency for underestimation

of real distance o£ objects when viewed in air, £or stimulus distances

£rom 6 inches to 18 inches £rom the £aceplate mask. There was no di£­

ference between experienced divers and novice divers in estimation of

target distances, except for the ma.ximum stimulus distance (18 inches)

with both the diver and stimulus underwater. In this situation the
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expert diver gave distance estimation greater than the location of the

virtual image and closer to the real location of the object, possibly

indicating some conditional adaptation to the visually distorted

stimuli due to prolonged experience with visual distortion underwater.

An additional investigation by Ono and O'Reilly (1969) dealt with

varying psychoJOOtor tasks performed underwater and measuring the

amount of adaptation occurring over time. The authors found consider­

able adaptation to distance distortion over time when the diver

performed specified visual-JOOtor tasks, as contrasted with a tendency

for distance estimations in the opposite direction by divers spending

an equivalent amount of time underwater without working on eye-hand

tasks. There was considerable task specificity in producing adaptation,

with fine-JOOtor tasks proViding less adaptation than ballistic JOOvement

tasks designed to provide maxi.mwn feedback of errors caused by reaching

for displaced stimuli.

The existence of adaptation over time, as reported by Ono and

O'Reilly (1969) corroborates earlier observations of Barnard (1961),

who found that increased magnification in water led to mistakes in size

and distance judgments, which were "quickly overcome" with experience.

Ross (1965a) also observed that initial errors in reaching by experi­

enced divers rapidly adapted out with practice. Ross (1968a), based on

evidence that experienced divers judge distances more accurately than

inexperienced divers, postulates perceptual learning of the effects of

underwater distortion, where divers may relearn the meaning of visual

cues when viewing targets underwater.



17

While there is considerable disagreement between the results of

Kinney, et ale (1968a), who reported immediate complete adaptation to

distance distortion underwater for experienced divers, and Ono and

O'Reilly (1969), who found a gradual increase in adaptation over time,

a major difference in the two studies is the dependent measure utilized.

The former group used a measure of adaptation -within the distorted

environment, or an underwater distance estimation task, as an indicator

of adaptation. The latter study used the more conventional arter-effect

measures, reflecting over-estimations of target distances in air after

exposure to the underwater distortion. The underwater measures have the

face Validity of demonstrating responses to stimuli in the distorting

environment, but are faced with the problem of confounding by conscious

correction which can inflate adaptive effects. It the divers are aware

of the distortion effects observed underwater, and Kent's (1966) report

indicates they are, then it is relatively simple and natural for them

to consciously respond in the 'appropriate'manner. Use of the after­

effect measure effectively reduces the inflationary effect of this

variable (since conscious correction is opposite in direction to the

attar-effect) and provides a measure of the perceptual restrocturing

which is thought to occur on a physiological level within the diver.

In addition to not agreeing with the arter-effect experimental

results, Kinney, et al's (1968a) results fail to agree with these

observations of Ross (1968a) and Barnard (1961), who noted initial

-error in eye-hand movements underwater, decreasing with time and

practice. While aimed at a more encompassing problem, the present

investigation attempts to re~olve this conflict in empirical results
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by providing measures ot adaptation from both after-ettect and under­

water pertormance.

Irrespective ot this controversy, there is little doubt that

adaptation occurs to visual distortion caused by optical bending at the

water-air intertace. Adaptation also appears to be tacilitated when

tasks are designed to provide appropriate eye-hand manipulations and

discrepancy teedback. This is in agreement with considerable evidence

from laboratory experiments that measurable amounts ot adaptation can be

observed when visual input is placed in conflict with proprioception.

Adaptation to Visually Distorted Input

Optical distortion, otten produced by viewing through prism

spectacles, has been consistently tound to cause many reaching and

pointing errors when the prisms are first applied (Held and Hein, 1958;

Kohler, 1962; Harris, 1965; and Hay and Pick, 1966). After practice

there is considerable improvement, otten with complete recovery to an

errorless state. Removal ot the lenses causes temporary overcompensatory

movements on the part ot the viewer, indicating that some adaptation has

taken place in the individual's visual-proprioceptive system.

A degree ot controversy still exists concerning the actual method

ot adaptation. Held and Hein (1958) tound that tor correction ot errors

ot eye-hand coordination after displacement ot the visual image by

prisms it was necessary to have selt-produced movement. Passive movement

ot the hand by the experimenter was not enough to provide the necessary

teedback to the §. to re-align the hand movements with the Visually dis­

placed targets.
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To explain this phenomenon Held has reintroduced the concept of

"reafference," which was defined by von Holst (19.54) as feedback

stimulation produced by self-initiated movements of the sense organs.

'!he concept is differentiated £rom "exafference," or stimulation

occurring to a passive sense organ by some external force.

In a later experiment Held and Schlank (19.59) found that reafferent

visual stimulation was necessary for learning new eye-hand coordinations

when subjects were tested on a device utilizing mirrors to displace the

visual image. Again passive movement of the arm failed to allow for

adjustment to the distance-displaced visual image. Only by observing

his arm while actively moving it was the subject able to correctly adapt

to the displaced image.

Numerous investigations have been provided by Held and associates

to substantiate the necessity for reafferent movement. Held and Hein

(1963) found reafference necessary tor full and exact adaptation to

sensory rearrangement in kittens. Using pairs of neonatal kittens

divided into active, or movement producers, and passive, or movement

receivers, they demonstrated that visually guided paw placements, dis­

crimination on a visual clift, and blink responses were normal for the

active kitten, but tailing tor the kitten deprived ot active movement.

Held and Rekosh (1963) attempted to retine the reafference theory

by stating the important item in adaptation was that it takes place

due to the interaction between conf'licting visual and proprioceptive

sensory inputs. While Held has "repeatedly emphasized the production

ot movement (etterent activity) as the pr1me casual factor (in prism­

inducing atter-ettects)" (Held, 1963), he has more recently added that
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the establishment of a meaningful correlation between the individual's

self-induced movements and the visual input is necessary to provide a

new response to the displaced visual input through some feedback loop

(Held, 1965).

Hamilton and Bessom (1964) also utilized prismatic displacement

to test Held'S theory of reafference. They reported that there was no

difference in magnitude of decrease of after-effect between a group

with reafference and a nonreafferent group. Since reafference did not

improve the elimination of after-effects more than nonreafferent con­

ditions, the authors questioned the assertion that the processes

underlying adaptation to prismatic distortion and normal perceptual

development are identical. This study, plus HamUton's (1964) study

of intermanual transfer, challenge the reafferent interpretation of

adaptation results. These criticisms are, however, built on the

assumption that the variables which regulate adaptation should also

regulate the dissipation of after-effects. There is at present no

unequivocal evidence that the process underlying acquisition also

influences forgetting in the same way.

Kravitz and Wallach (1966) found significant adaptation to prism­

displaced visual stimuli when subjects ob~erved their immobile forearm

while it rested on a Vibrating board. They contend that self-produced

movements are not necessary for prismatic displacement adaptation.

Self-produced movements and Vibrating stimulation are both thought to

operate by enhancing the central effect of proprioceptive stimulation

representing the true arm position.
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Two additional series of investigations have appeared to chal­

lenge Held's concept of reatference. Canon (1966) manipulated visual

input with the customary prisms and auditory input with electronic

"pseudophones." §.S were informed to attend to one or the other of the

conflicting modal stimuli. When told to localize in terms of vision,

there was significant adaptation in the auditory sense, wi~ attention

drawn to audition there was adaptatior1 in the visual sense, and a

small amount of auditory adaptation. The study demonstrates that

adaptation may develop in the absence of any feedback from self­

initiated movements. Canon states that adaptation can occur when there

is discrepancy between the location' of a stimulus through one modality

(which proVides a basis for efference responding to the stimulus) and

its location as determined by another modality.

'!he effect of efference has been care1\1lly investigated by Burn­

ham (1966) and lestinger, Burnham, Ono and Bamber (1967). lestinger's

theory differs from Held's in that perception is thought to be the

learned readiness to respond initiated by retinal stimulation, not

simply a function of active movement. Adaptation to prismatically

induced curV'ature was found for subjects under a "learning condition,"

but not for subjects under an "accuracy condition, II where both con­

ditions had essentially the same reafferent proprioceptive feedback.

'!he studies found that Held's distinction between active and passive

movement is too gross. Distinctions concerning the nature of the

efference mst be made. Not all active or self-produced movement

results in adaptation, the important variable is whether or not the

active movements are learned, causing efferent readiness to be

activated.
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The general conclusion from the above studies is that reafference,

in Held's sense, is one important determinant of adaptation, but is

not exclusively necessary under all conditions. In addition, there is

some evidence that reafference itself may be too encompassing a term,

and that efferent readiness may someday replace it.

Visual or Proprioceptive Adaptation - An Area of Confiict

Harris· (1965) has specified six possible interpretations that

might account for adaptation to optical distortion:

1. Conscious correction - deliberate correction of performance,
2. Visual change - change in perceived location of objects,
3. Shift in perceptual axes - shift in the reference axes for

all spatial perception,
4. Visuo-motor recorrelation - change in the correlation between

visual inputs and motor responses,
5. Motor learning - learning new muscular responses,
6. Proprioceptive_ shirt - hand feels to be where it visually

appears to be.

Although these six alternatives were originally presented in the context

of eye-hand coordination experiments, Harris has extended their

application, with varying degrees of credibility, to other adaptation

experiments. From results on tests designed to measure transfer of

adaptive hand-coordination from a visual task to auditory and body

orientation problems Harris had concluded that a proprioceptive shift

in felt hand position (or arm) relative to the body is basic to dis-

placement studies.

In a comprehensive series of experiments Hay and Pick (1966)

investigated the question of which system, vision or proprioception,

adapts to confiicting information produced by the displacing prisms.

'!hey investigated whe~er the optically displaced visual system always
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can occur within the visual system. Six coordination tests were

devised and administered over 144 hours of prism exposure. The tests

designed to confirm the occurrence of non-proprioceptive adaptation

were:

eye-hand coordination changes
ear-hand coordination changes
ear-eye coordination changes
eye-hand coordination changes
ear-head coordination changes
head-hand coordination changes

Their conclusion was that adaptation occurs in both visual and

proprioceptive systems to optical displacement, with the proprioceptive

adaptation occurring £irst (the short exposure times used by Held thus

biased his results toward proprioceptive adaptation). Visual

adaptation was found to occur as a long term effect after a large

number of nonvisual stimuli were placed in conflict with Vision,

including body exposure. The authors tentatively ascribe this visual

adaptation to some "sensed" eye position which modified eye posture.

McLaughlin and Bower (1965) also found' a change in the apparent

position of the visual target, which they attributed to "change in

felt position of the eye." Using a study on intermanual transfer the

authors found adaptive shifts to subjective 'straight ahead' for the

adapted hand, but no change for the nonadapted hand. In a visual

target marking test intermanual transfer was almost complete. '!hus

the authors conclude there are two components in adaptation to dis­

placement: proprioceptive shift and change in felt position of the

eye, a oonclusion also supported by McLaughlin and Rifkin (1965).

Hamilton (1964) and Epstein (1967) oriticize these hypothesized changes
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in felt position of eyes, although photographic measurements secured

by Kalil and Freedman (1966) showed persistent lateral rotation of the

eyes after prism exposure - subjects were not aware of these rotations.

FUrther investigations have been performed in an effort to solve

the controversy over change in proprioceptive systems versus change in

visual systems, with the results still not ammenable to clear inter­

pretation. Rock and Harris (1967) report results in agreement with

Held's original conclusions s that visual information determines what

is perceived when visual and tactile information are pl6.ced in conflict.

Objects felt while viewed through a minification lens were judged to

be smaller than actual, illustrating agreement with vision not with

actual felt size. They also found that after "prolonged" exposure, up

to thirty minutes, touch information was still misperceived even with

the eyes closed.

Rock and Harris feel that vision is dominant over touch to such a

degree that tactual and kinesthetic information in con1"lict with vision

is either ignored or altered to be consistent with visual input. Hay,

Pick and Dceda (1965) introduced the term "visual capture" to stress

this complete dominance of vision over touch.

Kinney and Iuria (1969) confirm the phenomenon of "visual capture"

using magnification in size of objects viewed underwater. Selection of

familiar coin-size discs by inexperienced divers was found to be based

on optical size, not actual size, of the stimulus, although subjects

were allowed tactual feedback regarding felt size. Even when allowed

to view the coin-discs in relation to their own hand, discs were chosen

considerably smaller than actual size, but in close agreement with

optical size.
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Harris (in Rock and Harris, 1967) offered change in the position

sense of the arm as an explanation of adaptation to sideways dis­

placement of prism-distorted visual stimuli. By utilizing a pointing

response to stimuli, the author sought to determine if change in

pointing af'ter adaptation arose because of change in target locations

(visual shift) or change in position of arm (proprioceptive shift) ­

results indicated it was the latter. Harris argues from this that

all adaptive changes are caused by altering felt position of the limb.

'!he co-author Rock believes that visual proprioception can be altered

if enough other modal input information is present to confiict with

vision. eonfiicting1Duch information alone is not enough to alter

visual perception. Numerous additional studies have shown change in

proprioceptive positioning of various body parts af'ter exposure to

prism displacement (Hamilton, 1964; Harris, 1963, 1965; Shaffer and

Wallach, 1966; Wallach and Frey, 1969)•

.All of these results are contrary to the classical theory of per­

ception held by Berkley, Dewey, Helmholtz, etc., which argues that

visual structure is developed through tactual experiencing. Russian

psychologists, in particular, still hold that touch teaches vision,

with tactual perception being more primitive ontogenetically than visual

perception (Pick, 1964). 'Ilhile contemporary evidence clearly supports

the concept of visual dominance, change in visual perception may be

demonstrated with the appropriate experimental procedures.

Festinger, Burnham, Ono and Bamber (1967) hypothesized that change

in visual perception would be more difficult with ordinary prism

spectacles t.han with prism contact lenses. Their thought was that eye



26

movement with prism spectacles mu.st be in conformity to the retinal

image and not the objective contour; but that eye movements would

conform to the objective contour rather than the retinal contour with

prism contacts. One study using prism contact lenses found complete

visual adaptation to curvature after only a short period of scanning;

confirming the theory that efferent readiness relevant to eye move­

ment is important for change in visual perception. Festinger, et ale

(1967) also provide one of the few unequivocal studies demonstrating

change in visual perception to prismatically induced curvature while

using propriooeptive feedback from arm movement.

Inducing Visual Adaptation

In reporting the occurrence of visual adaptation investigators

have had to resort to either long term exposure to distortions or

experimental manipulation of the stimuli conf'licting with the dis­

torted visual input. Movements of body parts by the observer have

been generally recognized as producing important cues for adaptation.

Rock (1968) notes that direct view of one's body is also a powerful

source of veridical cues. He asserts that when view:lng through

prisms, extreme familiarity with one's body readily causes recognition

of distorted visual cues, with subsequent acceleration of adaptation

to distortion.

Rierdan and Wapner (1966) criticize Held, Harris and others who

focus on changes in sensorimotor behavior and proprioceptive aware­

ness independent of other perceptual cues (both body and object), and

conoeptual aotivity. '!hey found that adaptation to rotation of the
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visual field involved the establishment of a stable oorrespondenoe

between body peroeption and objeot peroeption. '!hey also noted that

the form of adaptation varies dependent upon oonceptual attitudes

introduced and the nature of visual stimuli and sensorimotor aotivity

permitted.

Exposure to one's boa;y has also been reported to inch10e visual

adaptation by Hay and Piok (1966). '!hey found that a body-exposure

oondition, during whioh the subjeot saw his own movements and their

consequenoes, plaoed a great many stimuli in oonfliot with vision.

In this oondition, visual adaptation increased, with a oonsequent

reduotion in proprioceptive adaptation ''when the 'feel' of the whole

body is pu.t into confliot with vision. II (Wallaoh, Kravitz and

Lindauer (196) report rapid adaptation to prism distortion for sub­

jects in a passive oondition looking at their legs; however, their

results , although inoonsistent, appear to reflect ohange in the pro­

priooeptive sense.)

Apparently, body exposure involves a high degree of disorepanoy

between vision and. other sensory systems. Hay and Pick, like Rook

(in Rook and Harris, 1967), determined that inducing visual adaptation

requires pu,tting a great variety of nonvisual stimuli into oonflict

with the optioal displaoement. One of the most effective methods of

induoing visual adaptation is allowing the observer to view his body

in, the distorted visual field.

Studies based on lestinger's theory of perception, whioh proposes

that the consoious experience of perception is determined by a set of

e:t'ferent readiness aotivated by afferent visual inpu,t, have also
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produced evidence for visual adaptation (Festinger, et al., 1967).

Festinger and his associates have demonstrated that very similar tasks

can produce different amounts of adaptation if the tasks vary in

amount of learning of new afferent-efferent associations. To enhance

the opportunity for visual adaptation, as viewed in these terms, tasks

creating greater changes in efferent readiness are considered to pro­

duce greater visu~ adaptation.

In summary, whUe the majority of available reports appear to

support a proprioceptive interpretation of adaptation to optically

distorted stimuli, the typical exposure times are not comparable to

the long-term expOsures of 144 hours and 42 days reported by Hay and

Pick, nor do they necessarily provide exposure situations equivalent

to those encountered by a diver with prolonged experience .t\mctioning

in a Visually distorted environment. It has not been resolved what

form of adaptation would be expected after prolonged exposure to ·visuaJ.

displacement produced by water-air distortion.

Conditional Adaptation

Some investigators (Ono and O'Reilly, 1969; Kinney, Iuria and

Weitzman, 1968a; Ross, 1965a, 1968; Barnard, 1961) report that experi­

enced divers adapt readily to underwater distortion, reflecting the

possibility that conditional adaptation occurs for the experienced

diver. If' the numerous cues uniquely available to the diver, such as

feel and sound of regulator air exchange, weightlessness, and additional

cutaneous sensations attendant with performing underwater are important

in providing a situational set for determining perceived distance, then

there would be a stronger possibility of finding adaptation on a
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selective basis. That is, the subject may utilize one set of cues for

perceiving distance in one situation, and a different set of cues, or

a different method of integrating the available cues, in a second

situation. If' the various distance cues are linked with sufficiently

different situational factors, then competing systems for perceiving

distance may exist simultaneously in the individual.

Such conditional adaptation to distorted visual input has been

demonstrated by several investigators. Kohler (1951, trans. 1964)

found that subjects adaptad to viewing through spectacles which con­

tained plain glass in the bottom half and a prism in the top halt.

Depending on the position of the eye the visual stimuli would be

different, but, after a period of adaptation, the subjects were able

to shift from lower (normal) to upper (prism distorted) input with no

difticulty.

Recent studies finding situational adaptation have tended toward

a "gaze conti;ngent" interpretation of this phenomenon (Pick and Hay,

1966). These experiments, and one by Kohler (1962) utilizing

spectacles with split color fields (a later replication by Harrington

(1965) was generally unsuccessful), have reported situational or

conditional adaptation; where interpretation of different inputs

provide the same perceived image although the incoming physical stimuli

are vastly different. \tJhether this result is dependent on the position

of the eye (gaze contingent) as advanced by Hay and Pick, or contingent

on changes in phenomenal direction of eye (ego-centric localization) as

suggested by McLaughlin and Bower (1965) and Epstein (1967), the

existence of differential input stimuli producing a consistent,
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veridical perceived image provides some indication for accepting the

possibility of conditional adaptation.

An Approach to Understanding Adaptation to Underwater Distortion

Use of highly experienced divers has been considered in the

present study to provide a situation analagous to the prolonged prism

exposures reported by Hay and Pick (1966), if this considerable experi­

ence to underwater distortion can be recovered with minimal adaptation

"warm-up. " Based on previous reports, experienced divers appear to

exhibit an ability akin to conditional adaptation when performing in a

water distorted environment. Considering the dangerous nature of the

situation in which the diver is placed, it is not surprising to expect

implementation of a restructured coordinating system capable of

providing the most efficient responses in an emergency.

It is this author's contention that visual recoding of displaced

stinmli would be the most effective adaptive response where coordina­

tion of several body members might be required. Change in felt-position

of a body member can be expected to occur with initial exposure to a

distorted enVironment, since the visual system has been shown to dominant

over the proprioceptive system, drawing discrepant positioning inpu.t

into line with the Visually distorted sensations. OV'er time, pro­

prioceptive adaptation is ineffective, since restructuring of each

body part would have to be accomplished indiVidually, while discrepant

localization still occurred between visual, auditory and other senses.

It is hypothesized that only by drawing the visual system into agree­

ment with other senses, through recoding of incoming visual inpu.t,

could an effective system of adaptation be proVided for conditions of
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long-term exposure such as that experienced by Stratton (1897), Helm­

holtz (1925), Kohler (1962), Hay and Pick (1966), and expert divers.

The present investigation will attempt to reconcile some of the

contradictions arising between studies purporting to demonstrate

proprioceptive adaptation and those finding visual adaptation, by

utilizing the established ability of divers to adapt effectively to

distance displacement produced by refraction of visible light through

a water-air interface. Use of experienced divers, with long exposure

to a naturally 'distorted' environment, provides a unique comparison

to the typical short-term studies dominating adaptation literature,

and the few extensive prism exposure studies available. If the

experienced divers have established some sort of visual-motor recor­

relation contingent on the environment in which they function, then

a brief exposure to the underwater distorted distances should be

sufficient to provide a situation analagous to long-term prism

exposure.

Since Festinger et ale (1967) demonstrated that very similar

tasks prOViding different learning of afferent-efferent associations

produce different amounts of adaptation, the visual-motor tasks

included in the present study must be carefully selected. Since

emphasis is on determination of which sensory system (vision or pro­

prioception) is most affected by exposure to underwater distance

distortion, tasks were designed to provide maximu.m opportunity for

visual and proprioceptive input to be placed in confiict with each

other and additional perceptual cues and conceptual actiVity.



Pilot studies (Ono and O'Reilly, 1969) have demonstrated that

viewing through a water-air interface is not sufficient to produce

adaptation, feedback from tasks performed in the distorted environ­

ment are necessary before the diver reaches a measure of effective

adaptive functioning. Selection of the most effective tasks from

these pilot studies insured some measure of adaptation; development

of appropriate dependent measures to differentiate which sensory

system undergoes restructuring also had to be considered.

Several earlier investigators have demonstrated that exposure

conditions effective in producing proprioceptive adaptation do not

cause these adaptive shifts in reaching to transfer to ~e contra­

lateral, non-working hand (Cohen, 196;; Efsthiou, et al., 1967;

Hamilton, 1964; Harris, 196;, 1965; M:ikaelian, 196;; Mikaelian and

Held, 1964; Rock and Harris, 1967). On the contrary, discrepancy

between working and non-working hands has been used as a measure of

proprioceptive adaptation in the working hand; while adaptive

responding in the non-working hand has been taken as an indication of

visual responding (Hay and Pick, 1966; Harris, 1965; McLaughlin and

Bower, 1965; Mclaughlin and Ri£kin, 1965; Rock and Harris, 1967).

Since it is a relatively simple matter to restrict performance to one

hand, the present study adopted this definition of proprioceptive

versus visual adaptation: If the working and non-working hands both

adapt to the distance distortion experienced through a water-air

interface, then visual adaptation occurs; if only the working hand

adapts then this is evidence for proprioceptive functioning.
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After-effect measures of distance estimations taken outside the

water environment served as the major dependent variable in register­

ing amount of adaptation. Use of after-effect response as a dependent

measure is consistent with most adaptation studies. In an effort to

more clearly delineate the effect of performance while in the water

environment, distance estimation responses will also be collected at

regular intervals underwater (as per Kinney, Iuria and Weitzman,

1968a).

Numerous problems are evident when trying to determine the

existence of visual and/or proprioceptive adaptation. First is the

gener81ity of the reported data to other forms of visual distortion

and other conditions of exposure. As noted by Epstein (1957), few

studies have utilized adaptation situations other than later81

displacement from prism distortion, tilt, curvature, and increased

optical distance (minification). The difficulty of comparing long

and short term exposure periods has 81ready been mentioned; the

majority of prism adaptation studies utilize approximately one half

hour of exposure to distorted visu81 inpu.ts, selectively biasing

toward adaptation within the proprioceptive system.

Additional difficulties exist in defining adaptive responding

to water-air distortion, since visu81 adaptation to prism distortion

is thought to occur with "felt position of the eye" (Hay and Pick,

1966; McLaughlin and Bower, 1965), or with efferent readiness relevant

to eye movement (Festinger, et 81., 1967). It is possible that the

muscular accommodation and convergence cues available for the type



of distortion to be investigated may not operate in an entirely

analagous fashion.

Since the correlation o:f information on effector commands sent

to the musculature of the body and the visual feedback of the resulting

efferent responses are thought by many to be the basis for adaptation,

consideration must be given to the development of appropriate correlated

movements. It has been suggested that after practice with active move­

ments in a distorted environment, subsequent adaptive movement is

initiated based on newly stored correlations different from those

stored for effective movement in a di:fferent visual field.

loss of one-to-one correlation between effector commands and

visual feedback, labeled decorrelated feedback, can provide gross

visual-motor disarrangements characterized by increased variability

of motor responses (Held and Freedman, 1963). In a weightless state,

such as can be expected in water where the diver is neutrally buoyant,

perceptual-motor defects and inability to establish new afferent­

efferent connections is possible, although the available literature

reveals the existence of almost complete adaptation for experienced

divers. In studying visual stability during bodily movements under­

water, Ross and Lennie (1968) found good visual stability during

active movements but poor compensation for slow passive movements.

Nevertheless, the diver must contend with numerous factors which

could retard the development of adaptive responses, particularly

weightlessness, greater viscosity of water, and restriction of movement

due to protective clothing and supportive gear. In the present study

most of these factors wiJ.l be recognized as uncontrolled variability
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within the design, with the expectation that they will actually serve

to enhance the conditional adaptation within the diver due to their

environmental specificity. A variable that could potentially provide

decorre1ated :feedback would be the reduced e:f:fect o:f gravity; this

e:ffect can be fairly tightly controlled by making the subject heavily

negatively buoyant relative to the items that must be manipulated.

losses in per:formance due to the effects of cold on the hands has been

found in air (Fox, 1967) and water (Bowen, 1968), most probably due to

peripheral shutdown of the vascular system with resulting loss in skin

temperature. With heated pool water and short exposure times, loss in

underwater performance effectiveness can be kept to a minimum.

FUrther difficulty with considering the underwater environment as

equivalent to the normal air environment occurs when the amount and

types of visual stimulation are considered. In the water the diver is

subject to a reduced visual field due both to the shape o:f the standard

:facemask and rapid loss o:f detail and contrast with scattering o:f light.

stereoacuity loss and perceptual narrowing due to stress also have been

reported for subjects functioning in water. As discussed above, these

factors are potentially destructive to adequate visual performance in a

water surround, but do not appear to warrant major consideration in the

proposed study.

Recognizing these negative aspects to underwater work, it is still

felt that the unique visual effects, combined with a ready pool of

highly exposed and adapted subjects, made the testing of adaptation to

distance distortion through a water-air inter:face both feasible and

profitable. Use o:f underwater distortion as a factor in the establishment
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of existing adaptation theories and a new vehicle for the investi­

gation of physiological and psychological restructuring to a perceptual

phenomenon.

Summary and H.vpo~

Considerable disagreement exists among perception theorists as

to the underlying bases for adaptation to visual distortion. While

the preponderance of studies suggest a shift in proprioceptive

restructuring due to 'tvisual capture" of the less dominant sense,

there is enough contradictory evidence available to question the

generality of that conclusion. Visual adaptation has been established

in rmmerous studies; particularly those requiring long term exposure

to distortion and those utiliZing tasks proViding additional sensory

input highly contradictory to the distorted visual input. Adaptation

occurring for subjects exposed to distance distortion due to

refraction of light rays passing through a water-air interface was

investigated in an attempt at clarifying this controversy.

The following hypotheses were entertained concerning the amount

and type of adaptation experienced by subjects exposed to underwater

(U/W) distance distortion:

A. Hypotheses concerned with responses where a measure of

after-effect is the dependent variable:

1. Experienced subjects will exhibit visual adaptation to

the U/Wdistortion as measured by similar after-effects

produced by both working and non-working hands.
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2. Inexperienced (novice) subjects will exhibit proprio­

ceptive adaptation to the U/W distortion, as exhibited

by a difference in after-effects for working and non­

working hands.

3. The experienced subjects will adapt to the water-produced

distortion to a greater degree than the inexperienced

subjects, at least in the initial stages.

4. Improvement in adaptation over time will occur for both

experience groups.

5. With the introduction of the experimental tasks,

adaptation will increase more for the Hi feedback subjects

than for the 10 feedback subjects.

6. During the experimental session, visual adaptation will

appear for the Hi feedback novice subject, as measured by

a positive change in non-working hand responds.

7. Adaptation will continue at the existing rate for subjects

receiving control (10 feedback) tasks; no change from

proprioceptive restructuring is anticipated for the 10

feedback novices.

8. Tasks designed to provide the most opportunity for ballistic

movement will produce the largest increase in arter-effect

measures during the "adaptation" period.

9. Experimental tasks designed to proVide high conflict

between visual input and veridical referents will provide

the largest increases in after-effect measures during the

"experimental" period.
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10. The magnitude of after-effect will proportionally

increase with target distance from the subject.

B. Hypotheses concerned with distance estimations on an U/W

task as the dependent measure:

11. Experienced subjects will exhibit greater initial

adaptation to U/W distance distortion than will novice

subjects.

12. Adaptation over time will be found for experienced and

novice subjects.

13. Complete adaptation will be reached more rapidly by the

experienced subject than by the novice sUbjects.

14. Errors in underestimation of distance will increase with

target distance from the subject.



CHAPTER II

METHOD

Selection of Subjects

Sixteen experienced divers were selected from the local sport­

diving community and randomly assigned to one of two experimental

groups. A criterion of over 100 hours of ocean diving was originally

planned as a definition for qualified experienced diver, but this was

modified somewhat when the pool of available divers diminished. The

median experience for the 16 "experts" was over 200 hours, with a

range of 40 to 1200 hours; .5 had fewer than 100 hours, although they

had an intensive number in the last year (40 percent to 100 percent of

their total). Six additional divers had over 300 hours, with several

divers reporting over 1000 hours of diving. All SCUBA divers reported

considerable experience with skin diving (snorkel diving).

Sixteen novice divers were selected from numerous volunteers from

the University and local diving courses. The only stipulation for

selection of novice divers was familiarity with skin diving and/or

SCUBA diving, with fewer than five hours of SCUBA experience.

Restricting selection of novices to those with some experience handling

skin-diving gear was thought to avoid Kinney, et al.' s (1968a) comment

that complete novices fail to adapt to underwater distortion due to

increased anxiety and focusing attention on breathing and not motor­

performance. All novices reported considerable experience with skin­

diving gear. It is felt that the movements involved in skin-diving are

by their very nature, too restrictive to allow the establishment of new
•
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eye-hand coordinations, but should present a breathing situation not

too dissimilar to that found with SCUBA gear. Post-test interviewing

found that overall anxiety was low for all novices, including those

totally lacking prior SCUBA experience. One half of the novices had

no previous SCUBA diving experience, but reported a median of 140

hours of skin diving. The other eight novices reported a median of

4.5 hours of ocean SCUBA diVing, with only two exceeding the upper

limit of 5 hours of SCUBA experience - both reported 10 hours of ocean

diving.

All prospective subjects were administered a personal history

questionnaire which asked their swimming ability (for safety reasons),

their visual rating, whether they could see up to four feet without

corrective lenses, and whether they wore corrective lenses ordinarily.

Four subjeots, three experienced divers and one novice diver ordinarily

wore corrective lenses. The novice and two experienced divers wore

contacts, and were allowed to wear them during the session. The third

experienced §. ordinarily wore a facemask with a built-in optical system;

he professed to needing corrective lenses only for extreme distances and

was allowed to participate With the mask supplied by the ~.

The age of the divers varied over a range from 15 years to 52 years,

with the experienced divers having an average age of 29, while the novice

divers had an average age of 26 (this difference was found to be

insignificant on a two-tailed t-test). Each group had one §. in his teens.

Within eaoh experience group the divers were randomly assigned to

experimental and control conditions. §.s were tested in pairs, one

experimental and one control in the identical task sequence. Random
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selection of preferred and non-preferred hand was also accomplished

within each group. One half of the subjects in each group were .

inst1'l1cted to use their preferred hand during all underwater tasks,

the other half used their non-preferred hand. The three Ss who were

predominantly left handed were also randomly assigned to preferred

(2) and non-preferred (1).

To proVide a rough control for differential lighting, testing

was scheduled at approximately the same time of day, and with similar

weather conditions. Since testing was accomplished in an outdoor

facility, some £luctuation in lighting and weather conditions occurred-­

these were felt to be evenly distributed across the experienced and

novice divers. Complaints of cold discomfort were noted in six sets

of divers roughly matched between novice and experienced. Water tem­

perature remained between 720 F and 74D F at all times, while ambient

air temperatures and wind-chill factors £luctuated through a range

normal for April and May, (estimated at 740 F - 820 F), the months the

testing took place.

After-effect Testing Apparatus

Three measures of adaptation to underwater distortion were taken.

Two measures, working and non-working hand, were taken from the device

portrayed in Figure 4, the after-effect testing device of A-ETD.

Basically, it is a large painted plywood tank, 48 inches by 30 inches by

16 inches, fitted with a facemask (Healthways, No. 1227) in the lower

center of one end. The mask was rigidly attached in a direot line with

the sti.mu.lus target, a two inch diameter black plastic disk suspended

from a movable oarriage by a brass rod. Positioning of the stimulus was
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accomplished by a single ! through use of a pulley arrangement running

the length of the testing tank. The stimulus carriage passed along

tracks at the top of the tank, and distances were marked by a graded

rule along the upper edge of the tank, on both left and right sides.

Accuracy of left-right placemert. of the stimulus was found to be within

1/20th of an inch for 92 percent of the settings.

A six inch tunnel partially surrounded the front of the facemask,

on the inside of the A-ETD, to block any view of the top of the tank

and the stimulus carriage. The duration of stimulus exposure and onset

of viewing into the interior of the A-ETD were controlled by raising

and lowering a translucent screen in front of the facemask. The! was

able to control both the screen and the movement of the stimulus carriage

from either side of the tank.

ihe testing device itself rested on a supporting table, which con­

tained tracks for positioning the SLIDE apparatus in its air condition.

The support table also provided a storage area for data sheets, pens,

pointers, sequence instructions, etc. An adjustable stool was provided

for the subjects, and was arranged to allow a comfortable sitting

position; all Ss were evaluated as to their ability to comfortably reach

to and beyond the maximum stimulus distance.

'!he apparatus was constl'l1cted with a width narrow enough to allow

the §.to indicate apparent distances with either hand when he viewed

through the facemask into the interior of the tank. ihe subject was

asked to indicate with the appropriate hand where the target appeared

~ 2!. located,- to do this he was given a stylus and instructed to mark

the perceived location along a measured slate running along the outside
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of the A-ETD. Instruction required the §. to return his hand to the

front of the testing tank after each measurement, and to move with a

smooth, rapid motion, not sliding along the side of the apparatus.

The [ could not see his hand or the ruled slate, but both were visible

to the ~, who entered the peroeived distance on a waterproof data

·sheet. Measurements were made to the nearest 20th of an inoh. All

measurements with this device were taken with the diver sitting in

water up to his shoulders, with only his head and hand above water.

Thus a measure of after-effeot was provided, minimizing the possi­

bilityof inflated or erroneous results due to conscious correction.

Test distances were 7 and 14 inches from the front of the face­

mask glass. '!be distances were presented in randomized block design,

with right and left hand measurements also randomized on each testing.

SLIDE Apparatus

An additional measure of adaptation was devised to examine the

results of distance estimations reported by Kinney, Luria and Weitz­

man (1968a). This device (pictured in Figure 5) has been labeled

the SLIDE apparatus since it consisted of a rectangular plywood board

covered with parallel lines one inch apart and containing two movable

red plexiglass markers on slide tracks. One marker was supported on

a brass track on the top-side of the board and was controlled by the

1. The second marker was positioned in a groove passing through the

board, such that it could be controlled by the 2. from the bottom of

the device. This latter sliding marker was placed under a covering

which allowed a view of positioning accuracy to the ~ but not to the

[. Measurements were taken to the nearest tenth of an inch. '!be



45

00
0

0
00

0
0

0
00o.@

00

••'.o.
o.

o·CD

LEGEND:
1. ~ Positioned Target

Stimulus
2. ~ Positioned Marker
3. Ruled Lines on SLIDE

Surface
4. Positioning Guides for

A/W & U/W Mounting
5. Hinged Cover for ~

Marker

o.

®
·0

00
0

0 0
00

0
00

00
00

00
00

00

®
·0

00
00

0
0
00

00
0

0.J4i!"-"'"® 0
0
00

0
0
00

0
0

00
0

00

FIGURE 5

Schematic Drawing of SLIDE Apparatus



46

SLIDE device was movable, and was positioned both above the water (for

pretest measures) and below the water (for adaptation measures). The

above-water testing tank table and the underwater experimental table

were fitted with tracks to position and hold the apparatus.

Three distances were presented to the §,: 6, 12 and 18 inches

from the edge of the board nearest the diver. The stimulus distances

were presented in randomized block design with two sets of the three

distances being presented on each administration. The §, was instructed

to return his marker to a starting position two to three inches from

the edge of the board after each trial.

Adaptation Tasks

All §.S received the same tasks for the first 24 minutes underwater.

Two tasks, found to be most effective in inducing adaptation from

earlier pilot studies, were administered to all subjects in a balanced

design. The adaptation tasks chosen were: a modified version~of the

Minnesota Rate of Manipulation Test, and an eye-hand task thought to

max:imi.ze ballistic movement and provide meaningful feedback of arm

movement.

The modified version of the Minnesota Rate of Manipulation Test

(MRMT) was constructed of plexiglas for use underwater. The 60 plexi­

glas disks had red and black faces, and enough negative buoyancy to

remain on the bottom of the pool (the buoyancy of the disks could have

been greater, as sudden strong currents caused by rapid hand movements

tended to shift them slightly).

Four standardized tasks were utilized: the placing, the turn­

ing (working hand only), the one-hand turning and placing, and the
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displacing tasks (Educational Test Bureau, 1946). Each subtest was

presented in a fixed sequence and individually timed. The sequence

was repeated until 12 minutes of work was completed.

'!he modified MRMT was intended to assist in establishing a new

afferent-efferent association. In order to perform this task one can

use continuous visual feedback from the discrepancy between position

of hand and desired location. However, since the subjects were

instructed to finish the task as soon as possible, the assumption is

that some ballistic movement in reaching across the various distances

(6 to 24 inches) should be involved in order to complete the tasks.

The second adaptation device was built by the author to maximize

feedback of reaching performance in a visually distorted environment,

and was labeled the Underwater Distance Learning Apparatus (UDLA).

It consisted of a gray-painted wooden platform 40 inches by 26 inches

by 1/2 inch, resting on 10 inch legs. One hundred and five carriage

bolts were loosely secured through a pattern of holes set 1-1/2 inches

between centers, with 7 per row for 15 rows, beginning five inches"

from the §,S edge of the platform. The task consisted of the §, moving

to a prone position, stationing his chin above a reference line one

inch in from the edge of the platform, and reaching underneath the

device to displace a bolt pointed out by the~. The device was con­

structed to allow no visual feedback of hand movement (to minimize

guiding) during reaching, but displacement of the target bolt provided

a visual measure of reaching accuracy.

An average of 82 trials were presented during a 12 minute period of

work, with the targets selected by the E. The ~ tended to give added
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emphasis to those distances approximating the range of distances used

on the testing device above water, to assure some practice at the

distances being measured.

Since it is not possible to perform this task by visually guiding

the hand, the ~ must issue efference relative to the distance of the

chosen target; the usual afferent-efferent association appears

inadequate to perform this task, due to the distorted visual input.

Therefore, it was assumed that a new afferent-efferent association

would be learned while performing the reaching movements. Adaptation

was expected to be greatest for this task, since opportunity for dis­

crepancy feedback was available'to assist in learning of new afferent­

efferent associations.

The possibility of order effects due to differential task

effectiveness was minimized by balanced presentation of the adaptation

tasks. Each task was to follow the other an equal number of times.

(For one novice [ the tasks were not presented in the appropriate

sequence, resulting in an unbalanced presentation sequence for the

adaptation tasks--this does not appear to have affected the results

in any appreciable way.)

All tasks were administered in seven feet of water, in a large

heated freshwater pool with light chlorination; the working site was

10 feet from the A-ETD. The contents of the pool were continually

filtered and closely monitored, with resulting Visibility in the pool

being high and approximately constant through the experiment.

Experimental Tasks

After an initial 24 minutes of work on the adaptation tasks

(interrupted by above water measurements) all divers participated in



an additional 12 minutes of work on two sets of "experimental" tasks.

These short tasks were designed to provide similar distance reaching

tasks while varying the type and amount of feedback in conflict with

the Visually distorted input. They were divided into experimental and

control on the basis of the amount of visual conflict offered by the

task.

The high feedback (experimental) group was required to place the

Visually distorted input in conflict with high reference cues such as

view of own body and veridical measures of surround. The experimental

(Hi feedback) tasks were:

A•. Body Reference - The §. sat on a low stool in the deep
end of the pool and reached for various body members
(left and right thighs, knees, ankles and toes).
Continued visual reference to the body was stressed,
as was the need for ballistic movements. The diver was
asked to first look at the body part indicated by the l
(using a pointer and slate) and then reach quickly for
the part indicated. No count was made of the number of
trials; the task was continued for six minutes.

B. Ground Reference Task - The §. worked at a standing height
table in the deep section of the pool. He was required
to estimate the straight-line distance from a reference
point one inch from the table edge to a designated target.
Estimations were recorded by the §. writing on a water­
proof slate. The targets were a variety of common ocean
shells, placed in designated spots by the l. After
entering the estimated distance the diver retrieved the
shell, and deposited it in a container. He then measured
the distance from the reference dot to the previous
location of the shell (marked by a small circle) with a
ruler, and entered this figure opposite his first estimate.
The divers completed an average of 12 such measurements in
a six minute period.

The 1.0 veridical perception (control) group was presented with

tasks equivalent in the amount and type of DJU.scular activity and

opportunity for ballistic reaching movements, but without equivalent

body or surround referent feedback. The tasks were:
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A. N-Body Reference Task - Similar to the body reference
task, except that the §. worked at the underwater table,
reaching for one of the eight lines placed at distances
equivalent to those seen in the experimental condition.
The control diver had the same opportunity for eye-hand
coordinating movements, but no body conflict information.
No count was made of the number of trials, but the task
was continued for six minutes.

B. N-Ground Reference Task - Similar to the experimental
condition except that no distance measurements were
performed. The §. was required to make a second
estimate after removing the shell. The average number
of shells retrieved in the six minute period was higher
for the control than the experimental §.S (15 to 12)
since they had one fewer movement to make (measuring
with the ruler being omitted).

Half the experienced and half the novice divers were assigned to

the "Hi" feedback conditions, while half of each group performed "10"

feedback tasks. A balanced presentation of task sequence was

administered, with one exception.

Procedure

Each §. was instructed as to the nature of his tasks. Familiar­

ization with the adaptation tasks consisted of a thorough description

of each task and a brief practice session. The "Hi" and "Lo"
experimental §.S also were informed of their body-reference and ground­

reference tasks, but did not receive practice. As reminders, detailed

instructions for the experimental tasks were placed on slates and

shown to the §.S underwater.

Before each §. went into the water he was instructed as to how to

make the appropriate responses on the testing tank and SLIDE devices.

He also was told to use only one hand (preferred or non-preferred,

depending on the condition), and provided with a glove for the non­

working hand as a reminder not to use that hand. The §. was instructed



51

not to use the non-working hand at any time during the experiment

other than during the above water measurements. The instructions

stressed that the non-working hand had to be removed from the visual

field both while working and while swimming to and from the testing

apparatus. This was found to present little problem for the sub-

jects•

.All §,S were asked to wear facemasks supplied by the E (Sports­

ways No. 1628). Two §,s, unable to secure tight enough fits with the

l's masks, were allowed to use their own. Each mask was checked to

see that the faceplate was at the same appro:xima.te distance from the

eye as the Sportsways mask.

Divers were provided with either a wet suit jacket or sweatshirt

if they could not supply their own. The underwater tasks were not

sufficiently difficult to proVide high energy output, consequently

there was ample opportunity for the cooler water to adversely affect

performance. Several experienced divers ohose not to use a protective

garment, but they did not report any noticeable discomfort from loss

of body heat. .All divers were heavily weighted, so that neutral

buoyancy should not have been a major factor in the establishment of

new coordinating systems.

After initial measurements (pretests) at the A-E'l'D and the SLIDE,

the §, followed the l to the underwater table where he :immediately

re-took the SLIDE test to establish the initial effects of underwater

distortion. Novice divers who were tota.11y unfamiliar with SOUBA gear

were first instructed in its use and allowed to breath through the

regulator. After ta.ldng their pretest on the after-effect device and
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SLIDE, they were given 5 to 10 minutes to adjust to the breathing

apparatus whi1.e sitting in the shallow end of the pool. Any §. given

this adjustment period was instructed to avoid reaching for anything

whi1.e underwater. '!hey were carefully supervised to assure no

opportunity for adaptation to occur before the underwater slide pre­

test. All §.S then completed their series of two adaptation tasks

interspersed with testing on the A-ETD and SLIDE. After 24 minutes

the experimental tasks were administered, with after-effect test:ing

after each six minutes. The SLIDE was administered aga:in at the end

of the 36 minutes of performing underwater.

Of the five occasions for test:ing on the A-ETD, the first and

last testings consisted of five measurements of the target placed in

the two settings of 7 and 14 :inches from the facemask plate. The

second, third and fourth testings were shortened to three measurements

of the target at each of the two distances to avoid long above water

delays. '!he first and fifth testings averaged approximately four

minutes, whi1.e the middle three testings lasted for about 2-3/4 minutes.

Time underwater was chosen as the task variable rather than number

of tr:iaJ.s since it has been shown (Bowen, 1968) that cold adversely

affeots performance underwater, and degree of heat loss is related to

time underwater. Ono and O'Reilly (1969) also noted that a "negative

drift," producing an ef':t'ect opposite to that produced by adaptation,

could be recorded with increased time underwater. '!hus, it was decided

that time underwater would be the variable, with every attempt made to

provide the same number of eye-hand coordination tr:iaJ.s to the dif­

ferent experimental groups.
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As previously mentioned, the index of adaptation chosen for the

major variable, the above water measurements, was an after-effect

rather than a simple measure of adaptation (as in the SLIDE). Use of

the after-effect as the index for adaptation should minimize the

effect of conscious correction and any demand characteristics present

in the experimental situation.

EKperimental Design

The experimental design for the after-effect testing can be

summarized in Table 1. The design was identical for experienced and

novice divers, and required two sets of testing measurements, one for

the working hand and another for the non-working hand. The SLIDE

measurement sequence is summarized in the right oolumn of Table 1.

Only the working. hand was used.on this device.



TABLE 1

Schematic of Experimental Design

Time Sequence of Task and Test Administrations

For After-effect and SLIDE Testing

Time
U/W

12 min.

12 min.

6 min.

6 min.

After-effect Testing
Test Tasks

All Subjects-
Pretest

adaptation
task - 1

test-2

adaptation
task - 2

test-3

(Hi Feedback) (Lo Feedback)
experimental control

task - 1 task - 2

test-4

experimental control
task - 2 task - 2

test-.5

SLIDE
Testin~

All Subjects
Pretest ~air)

Pretest (U/W)

SLIDE-3 (U/W)

SLIDE-4 (UjW)

SLIDE-.5 (U/W)



CHAPTER III

RESULTS

In analyzing the results, a distinction was made between per­

formance on the after-effect testing device (A.-ETS), providing measures

of after-effect upon removal of the abnormal visual input, and that on

the SLIDE apparatus, designed to directly measure adaptation to distance

distortion in the U/W environment. A minimum acceptable significance

level of P <. .05 was set for all statistical tests. All t-tests are

two-tailed.

After-Effect Analysis

_The basic data for testing hypotheses having after-effect measure­

ments as the dependent variable (Hypotheses 1-10) are the mean scores

derived for the working and non-working hands during the five testings

on the A.-ETD. Each of the mean scores is derived from three (or five)

measures of apparent distance from each hand at one of two stimulus

distances (7 and 14 inches).

SeParate analyses were performed on the results from the adaptation

period (the first 24 minutes of the U/W performance--providing measures

at 12 minutes and 24 minutes), and those from the experimental period

(the last 12 minutes of U/W performance--with testings at 30 minutes and

:36 minutes). '!he after-effect data are expressed as difference scores,

calculated as change from the initial pretest measurements; positive

values represent over-reach from pretest. Each data point was derived

from an average of 16 subjects within eaoh of the two experience groups,



Hi and ID feedback §.S received identical tasks throughout the first

24 minutes.

No significant difference was found on any of the 24 't' com­

parisons testing difference scores on the 7 and 14 inch target place­

ments within each experience group and hand condition (Tables 2 and :3),

allowing for averaging of after-effect measures across distances to

increase score stability. All analyses were performed with mean

difference scores averaged across the two distances.

Adaptation Period. The magnitude of the adaptive responses, and

their change over time for the testing sessions immediately following

the presentation of the adaptation tasks, can be observed in Figure 6.

The data are expressed as over-reach from the initial pretest scores,

with responses recorded 'after 12 and 24 minutes of practice underwater.

A 2 (Experience) X 2 (Hand) X 2 (Time U/W) analysis of variance

with repeated measures on the last two factors (Lindquist Type VI,

19.56; Winer Case I, 1962) was performed on the adaptation period data.

'!he re,sults of the analysis are summarized in Table 4. ~rther break­

down of the data was accomplished by two additional three-factor

mixed-model analyses of variance, providing tests of main effects within

the experienced and novice groups. Tables 5 and 6 summarize the resu1ts

of these designs contrasting Hi a:nd ID feedback groups with working and

non-working hand and time U/W.

Resu1ts from Table 4, contrasting experienced and novice §.S

indicated a significant difference in the amount of adaptation exhibited

by the experienced §.S compared to the novice §.S (1(1,39) =7.29,

p ~ .025). This effect is partially the result of a significant



TABLE 2

t-Test Comparisons of Target Distance

Using Adaptation Session Difference Scores

By Experience Groups

57

Experience Hand Time Mean Mean t p
Group (min.) (7 inch) (14 inch) (df=15)

12 1.18 1.41 0.79 ns

Working
24 1.88 1.92 0.26 ns

Experienced
12 1.05 0.86 0.75 ns

Non-
Working

24 1.54 1.59 0.23 ns

12 0.99 1.09 0.43 ns

Working
24 1.26 0.97 1.35 ns

Novice
12 0.20 0.35 0.81 ns

Non-
Working

24 0.25 0.45 0.99 ns



TABLE 3

t-Test Comparisons of Target Distance

Using Experimental Session Difference Scores

By Experience and Feedback Groups

58

Experience Feedback Hand Time Mean Mean t p
Group Group (min. ) (7 in.) (14 in.) (df=7)

30 1.58 2.00 1.34 ns
Working

Hi )6 1.57 2.06 1.36 ns

Feedback Non- 30 2.11 2.06 0.13 ns
Working

36 2.34 2.08 0.40 ns
Experienced

30 1.51 1.21 0.64 ns
Working

Lo 36 1.46 1.51 0.11 ns

Feedback Non.. 30 1.12 1.15 0.14 ne
Working

36 0.98 1.31 1.00 ns

30 1.15 1.18 0.12 ns
Working

Hi 36 1.46 1.22 1.10 ns

Feedback Non- 30 0.80 0.28 1.82 ns
Working

36 0.55 0.04 1.65 ns
Novice

30 1.26 1.31 0.20 ne
Working

Lo 36 1.61 1.81 1.04 ne

Feedback Non- 30 0.65 0.73 0.29 nB
Working

36 0.94 1.41 1.53 nB
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TABLE 4

Summary of Ana.lysis of Variance

On Adaptation Period Difference Scores

Experience X Hand X Time

Source elf MS F P

Between Subjects

Experience (A) 1 17.31 7.29 .025

Error (AXS)w 30 2.37

Within Subjects

Hand (B) 1 9.74 18.05 .001

AXB 1 1.42 2.63 ns

Error (BXS)w 30 0.54

Time (C) 1 3.71 14.39 .001

AXC 1 2.27 8.79 .01

Error (CIS)w 30 0.26

BXC 1 0.00 0.00 ns

AXBXC 1 0.00 0.00 ns
. \, Error (BCIS)w 30 0.19

Total 127
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TABLE 5

Summary of Ana~sis of Variance

On Adaptation Period Difference Scores

Feedback Group X Hand X Time

Experienced Subjects

Source df MS F P

Between Subjects

Feedback (A) 1 '2.37 0.71 ns

Error (AXS)w 14 3.31

Within Subjects

Hand (B) 1 1.86 4.36 ns

AXE 1 0.24 0.57 ns

Error (BXS)w 14 0.43

Time (C) 1 5.89 18.41 .001

AXC 1 0.31 0.96 ns

Error (CXS)w 14 0.32

BXC 1 0.00 0.00 ns

AXBXC 1 0.18 0.91 ns

Error (BCXS)w 14 0.20

Total 63
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TABLE 6

Summar,y of AnalYsis of Variance

On Adaptation Period Difference Scores

Feedback Group X Hand X Time

Novice Subjects

Source df MS F P

Between Subjects

Feedback (A) 1 3.04 2.18 ns

Error {AXS)w 14 1.39

Within Subjects

Hand (B) 1 9.30 14.17 .01

AXE 1 0.78 1.19 ns

Error {BXS)w 14 0.66

Time (C) 1 0.09 0.43 ns

AXC 1 0.08 0.39 ns

Error {CIS)w 14 0.20

BIC 1 0.00 0.00 ns

AXBXC 1 0.06 0.31 ns

Error {BCIS)w 14 0.20

Total 63
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differenoe between the amount of adaptation registered for the working

and non-working hands of the novioe §.S (1(1.14) =14.17, p. "'" ~01,

Table 6). '!here was no oomparable differenoe between the working and

non-working hand performanoes exhibited by the experienoed §.S (Table

5).

Tests of signifioano~ (t-tests) between the distanoe estimation

soores for 12 and 24 minute testings and those registered on the pre­

test are summarized in Table 7, for working and non-working hands of

both novioe and experienced §.s. All working and non-working mean

scores were significantly greater than pretest for the experienced

group, while only the working hand results were significantly above

the initial settings for the novices. Novice non-working hand results

did not significantly differ from chance responding from the pretest

level.

As a result of these analyses, Hypothesis 1, predicting an

adaptive shift in responses for both working and non-working hands for

the experienced §.s, was accepted. Hypothesis 2, predioting a difference

in adaptive responding for the working and non-working hands of the

novice §.s, was also acoepted.

After 12 minutes of U/W work there was no d.ifference between the

after-effect exhibited by the working hand of the novice and that found

for the working and non-working hands of the experienced §.. After 24

minutes this relationship ohanges; a significant 't' was found between

the working hand soores ot the experienced and novice §.S (t(30) =2.68,

p <. .02). '!he difference between the novioe §.S working hand measure­

ments and the non-working hand measurements of the experienced §.S was

not signifioant at the 24· minute testing session.



TABLE 7

Summary of t-Tests Between

Adaptation Period Scores and Pretest

By Experience Groups
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Experience Hand Time Mean Dirf. Score t p
Group (Min. ) From Pretest (In.) (df=15)

12 1.30 4.65 .001
Working

24 1.90 9.53 .001
Experienced

12 0.95 3.77 .01
Non-

Working
24 1.29 5.53 .001

12 1.04 4.55 .001
Working

24 1.11 5.12 .001
Novice

12 0.27 1.57 ns
Non-

Working
24 0.36 2.04 ns



6.5

Since the experienced §. exhibited greater adaptation than the

novice at the 24 minute testing with his working hand, and at both

testings with his non-working hand, Hypothesis 3 was accepted, with

the reservation that initial (12 minute) measures of working hand

adaptation did not differ for the two experience groups.

Significant changes in amount of adaptation over time were found

for the experienced §.S (F(1.14) =18.41, p~ .001, Table .5), but not

for the novices (Table 6). Supplementary t-tests revealed that the

significant Experience X Time interaction in Table 4 was due to this

change in amount of adaptation over time for the experienced §.S

(t(1.5) = 3•.57, p ~ .01), for working hand measures; t(1.5) = 3.22,

p < .01, for non-working hand measures); with no change in amount of

adaptation over time for the novices.

Adaptation period data does not completely support Hypothesis 4,

since increased «daptation occurred only for the experienced §.s, not

for the novices.

The secondary analyses of variance (Tables .5 and 6), within

experience groups, provided a check on the effectiveness of randomi­

zation of §.S within feedback conditions. Neither analysis showed a

significant difference in responding between the subjects destined to

receive the experimental and control feedback conditions.

Experimental Period. To adequately portray change in adaptation

occurring after the introduction of the experimental conditions, data

for this period was analyzed as difference scores from the after-effect

measurements registered at the end of the 24 minute adaptation period.

Figures 7 and 8 illustrate this change in over-reach for the last
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testing of the adaptation session, for the working and non-working

hand measurements of the Hi and ID feedback groups within each experi­

mental condition. Novice ~s generally registered a positive change in

adaptation during the experimental session (Figure 8); the experienced

groups, with the exception of the non-working hand of the Hi feedback

~s, demonstrated slightly less adaptive responding during the last 12

minutes of after-effect testing (Figure 7).

A 2 (Experience) X 2 (Hand) X 2 (Time) analysis of variance

(Winer Case I) on the data received from the :30 and :36 minute testings,

found no significant difference between any of the main effects or

interactions, indicating stable responding across adaptation and

experimental phases of the investigation (Table 8).

The novice and experimental groups were separately analyzed

(Tables 9 and 10), contrasting Feedback Condition (Hi - ID) X Hand

(Working - Non-working) X Time (:30 - 36 min.). Analysis of the feed­

back group responses within experienced §.S found a significant

difference between working and non-working hand responses (F(1,14) =
9.99, p <:. .01, Table 9), and a significant Feedback X Hand interaction

(F(1,14) = 6.19, p <. .0,5, Table 9). Both measures reflect the

significant difference between Hi feedback ~s' non-working and working

hand responses noted in Figure 7, with the non-working responses

significantly greater at both the :30 and 36 minute testings (t(7) =
2.87, p ~.0,5) at :30 min.; t(7) =:3.77, p ~.01, at 36 min.).

An additional Feedback X Hand X Time Case I analysis of variance

was performed on responses of Hi and ID feedbaok ~s within the novice

group. As can be noted from Table 10, only the Feedback X Time



TABLE 8

Summary of Ana~sis of Variance

On Experimental Period Difference Scores

Experience X Hand X Time

Source df MS F P

Between Subjects

Experience (A) 1 5.28 3.81 ns

Error (AXS)w 30 1.39

Within Subjects

Hand (B) 1 1.43 3.84 ns

AXB 1 0.72 1.93 ns

Error (BXS)w 30 0.37

Time (c) 1 0.56 1.64 ns

AXC 1 0.18 0.54 ns

Error (CXS)w 30 0.34

BXC 1 0.09 0.40 ns

AXBXC 1 0.04 0.19 ns

Error (BCXS)w 30 0.22

Total 127

69



TABLE 9

Summary of Analysis of Variance

On Experimental Period Difference Scores

Feedback Group X Hand X Time

Experienced Subjects

Source df MS F P

Between Subjects

Feedback (A) 1 0.39 0.21 ns

Error (AXS)w 14 1.82

Within Subjects

Hand (B) 1 2.08 9.99 .01

AXB 1 1.29 6.19 .05

Error (BXS)w 14 0.21

Time (C) 1 0.05 0.11 ns

AXC 1 0.00 0.00 ns

Error (CIS)w 14 0.48

BIC 1 0.00 0.03 ns

AXBXC 1 0.03 0.19 ns

Error (BCIS)w 14 0.15

Total 63

70



TABLE 10

Summary of Analysis of Variance

On Ex:perimental Period Difference Scores

Feedback Group X Hand X Time

Novice Subjects

Source df MS F P

Between Subjects

Feedback (A) 1 0.26 0.23 ns

Error (AXS)w 14 1.10

Within Subjects

Hand (B) 1 0.06 0.13 ns

AXE 1 0.34 0.73 ns

Error (BXS)w 14 0.47

Time (C) 1 0.69 3.88 ns

AXC 1 0.97 5.43 .05

Error (CIS)w 14 0.18

BXC 1 0.13 0.41 ns

AXBXC 1 0.23 0.76 ns

Error (BCIS)w 14 0.31·

Total 63
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interaction was significant (F(1,14) =5.43, p ~ .05), partially

ref'lected in an improvement in adaptive responding over time for the

10 feedback §.S concomitant with a slight decline in average Hi feed­

back responding. The interaction was also affected by a significant

di£f'erence in non-working hand performance between Hi and 10 feedback

§.S (t(14) =2.53, p <.05) at 30 minutes, dropping to a non-significant

difference at 36 minutes. No other main effect of interaction was

significant.

A SUlDlIJtU7 of t-tests between adaptation scores registered during

the experimental session and those provided after 24 minutes of

practice with the adaptation tasks ref'lect only two significant changes

in after-effect responding (Table 11). The 30 minute responses for the

Hi feedback novices on their non-working hand were significantly above

their adaptation period performance (t(7) = 2.65, p ~ .05). A

significant decline in distance estimation scores was noted for the Hi

feedback experienced Ss at the 30 minute testing (t(7) =2.48, p <. .05).

None of the other changes in after-effect were significantly different

from chance responding (Table 11).

Sinoe the non-working hand exhibited a significant positive change

in adaptation for the. Hi feedback experienced §,s, Hypothesis 5, pre­

dicting increased adaptation for experimental §,s, was tentatively

accepted, pending elaboration in the discussion. With the non-working

hand of the Hi fe~dback novice §.S producing a significant increase in

positive after-effect, and all ·trends in the predioted direotion,

Hypothesis 6 was accepted with some reservation concerning the magnitude

of the effect. Based on the lack of significanoe noted on 10 feedback



TABLE 11

. SUDIIIJAry or t-Tests Between

Experimental Scores and Adaptation

Level at End or 24 Minutes U/W

By Experience and Feedback Groups
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Experience Feedback Hand Time Mean Dirr. Score t p
Group Group (Min. ) From 24 Min. (In.) (dr=7)

30 -0.37 2.48 .05
Working

Hi 36 -0.35 0.85 ns
Feedback

Non- 30 0.26 0.98 ns
Working

36 0.33 0.77 ns
Experienced

30 -0.29 2.14 ns
Working

Lo 36 -0.17 0.79 ns
Feedback

Non- 30 -0.15 0.89 ns
Working ..

36 -0.14 0.39 ns

30 0.17 0.66 ns
Working

Hi 36 0.34- 1.50 ns
Feedback

Non- 30 0.58 2.65 .05
Working

36 0.34- 1.29 ns
Novice

30 0.03 0.17 ns
Working

Lo 36 0.47 1.54 ns
Feedback

Non- 30 -0.06 0.44 ns
Working

36 0.43 1.17 ns
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responses ('l'able 11), Hypothesis 7, predicting a constant level of

performance for control 5s was accepted, although trends were not in

the predicted direction.

Adaptation Period 'l'ask Anal:ysis. Implementation of the UDLA. was

expected to :increase adaptation over that noted for the MRKl', since

the former provided the grea~st opportunity for ballistic movement.

'l'able 12 provides for comparison of the effectiveness of each task in

increasing arter-effect responding, with entries re£lecting amount of

change in adaptation noted with introduction of the specific task. For

experienced ~s receiving the UDLA. during t!'-e first 12 minute U/W session,

an average increase of 1.69 inches was noted at the .first testing

session for working hand scores, and 1.28 inches for non-working hand

scores. Experienced §.S receiving the ItmMT first demonstrated responses

of 0.90 inches of over-reach for the working hand and 0.62 inches for

the non-working hand. '!'he UDLA. also tended to evoke greater adaptation

than MRMT for those §.S receiving it as the-second task (0.8.5 to 0.36

inches working hand; 0.70 to 0•.52 inches non-working hand). No

significant difference was noted in after-effect scores for novices

relative to the various practice tasks.

Although the resul.ts are in the predicted direction, no signifi­

cant difference was noted in arter-effect scores for novices relative

to the various practice tasks.

Although the resul.ts are in the predicted direction, no signifi­

cant differences were found on It' comparisons for effectiveness of

the various t:asks, so that Hypothesis 8 was rejected.



TABLE 12

Mean Changes__in. Apparent Distance
"

For Adaptation Tasks

By Experience Group and Hand
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First Testing Second Testing

Experience Task Working Non-Working Working Non-Working
Group Hand Hand Hand Hand

UDLA 1.69 1.28 0.85 0.70

Experienced

MRMT 0.90 0.62 0.36 0.52

UDLA 1.06 0.41 -0.09 0.28

Novice

MRMT 1.02 0.17 0.28 -0.19
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Experimental Period Task Analysis. Comparison of effectiveness

in inducing change in adaptation was measured for the two experimental

and two control tasks used in the experimental session. Summaries of

the amount of adaptive change regis~red for either hand on first and

second prelsentation of the various tasks is summarized in Table 13.

None of the mean score comparisons across tasks and conditions were

significant, causing Hypothesis 9 to be rejected.

After-effect :Ma€Witude Related to Target Distance. Table 2 and

Table 3 summarize a series of t-tests between the absolute magnitude

of responses on the 7 and 14 inch target placements; none of these

d.ifi'erences were significant, nor was there a noticeable trend in

responses for the two distances. Hypothesis 10, predicting a pro­

portional increase in absolute magnitude of over-reach with dis~.ce,

was not supported.

SLIDE Analysis

Hypotheses 11 - 14 were based on results secured from distance

estimations on an U/W task. The dependent variable is the mean of two

trials at each of three distances (6, 12 and 18 inches) for five

administrations (abQve water pretest (A/W Pretest), under water pretest

(U/W Pretest), 12 min., 24 min., 36 min. U/W testings). Mean scores
/

are based on 13 §.S in each experienc_e group, 3 [s in each group hairing

missing data. No signi£icant di£ferences were found on performance

between Hi and 10 feedback groups on the one a£fected measure (36 min.

testing), enabling the data to be presented onlY' bY' experience group.

When tested immediatelY' &£tar entering the pool (U/W Pretest),

both experienced and novice ~ exhibited a decrease in accuraCY' ot



TABLE 13

Mean Changes in Apparent Distance

For Experimental Tasks

By Experience Group, Feedback Condition, and Hand
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First Testing Second Testing
Experience Feedback Tasle Working Non-Working Working Non-Working

Group Condition Hand Hand Hand Hand

Shell -1.10 0.36 -0.08 -0.25

Hi

Body -0.63 0.14 0.12 0.40

Experienced
Shell -0.48 -0.36 0.28 0.29

Lo
Body -0.10 0.06 -0.02 -0.28

Shell 0.02 0.34 0.20 -0.46

Hi

Body 0.32 0.84 0.14 -0.04

Novice
Shell -0.13 -0.07 0.31 0.94

Lo
Body 0.39 -0.03 0.49 0.21
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matching the distance of the target, relative to their performance

in air. Figure 9 delineates the drop in accuracy, and subsequent

improvement, of distance matching for all three stimulus distances

utilized (6, 12 and 18 inches), for both the experienced and novice

groups. A series of treatment-by-subjects analyses of variance were

performed on the SLIDE data collection during the A/W Pretest, the

U/W Pretest, and testing after three 12 minute U/W work sessions. A

number of range tests were applied to these sets of data, using the

Newman-Keuls technique (Winer, 1962).

For the 6 inch target setting the experienced and novice [s both

showed a significant effect across the five test administrations

(F(4,48) .= 3.08, p < .0,5, Table 14A; F(4,48) = 4.64, p 4C. .01, Table

1,5A). The analysis of variance and Newman-Keuls range statistic are

summarized for the experienced [s 6 inch measurements in Table 14B,

which indicates that the U/W pretest did not differ from the A/W pre­

test beyond a chance level (of all the analyses this was the only A/W

pretest - U/W pretest comparison that was insignificant). '!here was

a gradual increase in distance estimations from the U/W pretest

through the 36 minute testing; the 24 and 36 minute mean settings

were found to be significantly greater than the initial U/W pretest.

Distance estima:t~.ions by the novices for the 6 inch target place­

ment followed that of the experienced [s, with the exception that the

initial U/W pretest was signifioantly lower than the A/W pretest.

Significantly improved performanoe was noted for the 12, 24 and 36

minute settings, relative to the U/W pretest (Table 1~).
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TABLE 14 A

Ana4rsis of Variance Swmnary Table for SLIDE

Experienced Subjects on 6" Target Placement

Source d.f MS F P

SLIDE Tests 4 0.62 3.08 .0.5

Subjects 12 1.6.5

TXS 48 0.20

Total 64

TABLE 14 B

Newman-Keuls Range Statistic

Mean Scores for Experienced Subjects

On 6" Target Placement

u/W Pretest 12 Min. A/W Pretest 24 Min. 36 Min.

Mean Score .5 •.58 .5.89 .5.98 6.06 6.1.5

U/W Pretest - - - * *
12 Min. - - - -
A/W Pretest - - -
24 Min. - -
36 Min. -
* p <:.0.5
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TABLE 15 A

Analysis of Variance Summary Table for SLIDE

Novice Subjects on 6 " Target Placement
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Source d£

SLIDE Tests 4

Subjects

TXS

12

48

MS

1.41

7.13

0.30

F p

4.64 .01

Total 64

TABLE 15 B

Newman-Keuls Range Statistic

Mean Scores for Novice Subjects

On 6" Target Placement

U/W Pretest 12 Min. A/W Pretest 24 Min. 36 Min.

Mean Score 5.05 5.52 5.64 5.65 5.96

u/w Pretest - * * * **
12 Min. - - - -
A/W Pretest - - -
24 Min. - -
36 Min. -
* p ~ .05
** p <: .01
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Both the experienced and novice §.S demonstrated a highly

significant loss in distance matching accuracy from the air pretest

to the initial U/W pretest for the 12 inch target placement (Irab1es

16 and 17). For the novice group all of the underwater settings were

significantly different from the A/W pretest, with only the 36 minute

setting showing a level of significance less than .01 (Table 17B).

For the experienced Ss the U/W pretest and the 24 minute setting were

significantly different (p <. .01) from the air pretest; the 12 minute

setting was only slightly less significantly different (p~ .005).

'!he 36 minute setting was not significantly different from the air

pretest (Table 16B).

Very significant losses in accuracy of distance estimation

occurred from the air measurements to the water measurements for

re~poDses to the SLIDE target set at 18 inches. As in the 12 inch

analyses, the treatment-by-subjects analyses of variance for the 18

inch measures revealed very significant effects within the five

administrations (F(4,48) =16.20, p <. .001, for the experienced §.s;

F(4,48) = 33.26, p <:. .001, for the novice §.s). '!'he summary of the

Newman-Keu1s tests for the experienced Ss (Table 18B) and the novice

Ss (Table 19B) indicated that the first three underwater test-
administrations produced distance estimations significantly lower

(p <. .01) than those found for the final U/W testing (after 36 minutes

of U/W practice).

Al.though both experience groups demonstrated significant improve­

ment in performance over time underwater, the final (36 min.) testing
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TABLE 16 A

Analysis of Variance Summary Table for SLIDE

Experienced Subjects on 12" Target Placement
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Source elf

SLIDE Tests 4

Subjects

TXS

12

48

MS

2.45

5.27

0.35

F p

7.07 .001

Total 64

TABLE 16 B

Newm.an-Keuls Range Statistic

Mean Scores for EXperienced Subjects

On 12" Target Placement

u/w Pretest 24 Min. 12 Min. 36 Min. A/W Pretest

Mean Score 10.71 11.01 11.26 11.56 11.81

U/W Pretest - - * ** **
24 lful. - - * **
12 Min. - - *
36 Min. - -
A/W Pretest -
* P <. .05
** P < .01



TABLE 17 A

Analysis of Variance Su.mmary Table for SLIDE

Novice Subjects on 12" Target Placement

84

8.09 18.31

3.69

0.44

Source

SLIDE Tests

Subjects

TIS

elf

4

12

48

MS F P

.001

Total 64

TABLE 17 B

Newman-Keuls Range Statistic

Mean Scores for Novice Subjects

On 12" Target Placement

U/W Pretest 12 Min. 24 Min. 36 Min. A/W Pretest

Mean Score 9.78 10.35 10.66 11.28 11.79

U/W Pretest - * ** ** **

12 Min." - - * **

24 Min. - * **

36 Min. - *

A/W Pretest -
* p ~ .05
** p < .01



TABLE 18 A

Analysis of Variance Summary Table for SLIDE

Experienced Subjects on 18" Target Placement

Source df' MS F P

SLIDE Tests 4 6.13 16.20 .001

Subjects 12 5.05

TIS . 48 0.38

Total 64

TABLE 18 B

Newma.n-Keuls Range Statistic

Mean Scores for Experienced Subjects

On 18" Target Placement
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U/W Pretest 12 Min. 24 Min. 36 Min. A/W Pretest

Mean Score 16.15 16.35 16.49 16.99 17.86

u/W Pretest - - - ** **
12 Min. - - ** **
24 Min. - ** **

36 Min. - **
A/W Pretest -
* p -< .05
** p < .01



TABLE 19 A

Analysis of Variance Summary Table for SLIDE

Novice Subjects on 18" Target Placement

Source d.f MS F P

SLIDE Tests 4 19.09 :33.26 .001

Subjects 12 5.13

TXS 48 0.57

Total 64

TABLE 19 B

Newman-Keuls Range Statistic

Mean Scores for Novice Subjects

On 18" Target Placement
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u/W Pretest 12 Min. 24 Min. 36 Min. A/W Pretest

Mean Score 15.08 15.10 15.64 16.70 17.91

U/W Pretest - - - ** **
12 Min. - - ** **
24 Min. - ** **
36 Min. - **
A/W Pretest -
* p < .05
** p < .01
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still produced estimations significantly lower than the A/W pretest--

indicating less than adequate adaptation at this .greater distance.

Pertormance on the SLIDE apparatus provided somewhat confiicting

results tor the various target distances used. Acceptance or rejection

ot stated hypotheses was' based on what appeared to be the "general"

case considering all ot the distance fluctuations.

Hypothesis 11, predicting less error on initial U/W pretests tor

experienced Ss as compared to novice §.s, was tested with a series of

't' comparisons (Table 20). No significant difference in magnitude of

under-estimation was found between novices and experiences §.S on the

6 inch condition, whiJ.e at the greater distances the results were in

the predicted direction, with experienced §.S exhibiting significantly

Jess change from A/W pretest to U/W pretest, supporting Hypothesis 11.

Significant adaptation was noted over time for all target distances

for each experience group (as noted in the Newman-Keuls tests presented

above), allowing Hypothesis 12 to be unequivocally accepted.

Hypothesis 13 was rejected on the basis that neither group

demonstrated fully adapted responding for either the 12 or 18 inch

target placements, with no significant difference noted betw\.'en groups

on the final. (36 min.) measurements.

The absolute magnitude of under-estimation from A/W pretest dis­

tances at U/W pretest (Table 20) was found to vary with target distance

from the §., supporting Hypothesis 14. For the 6 inch condition under­

estimation was 0.40 inches for experienced §.s, and 0.59 inches for

novice §.s. For the 12 inch condition, novices under-estimated the

target by 2.01 inohes, as compared to an error of 1.10 inches for the



TABLE 20

Summar,y of t Comparisons for

Experienced and Novice Group Means

On U/W Pretest Difference Scores from A/W Pretest

88

Target Experienced Notice
Placement U/W Pretest Mean U/W Pretest Mean t p

Dirf. (inch) Diff. (inch)

6 inch -1.40 -0.59 0.78 ns

12 inch -1.10 -2.01 2.59 .02

18 inch -1.71 -2.83 2.42 .05
-
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experienoed [s. Underestimations of 2.83 inohes and 1.71 inohes were

noted for novioe and experienoed [s, respeotively.



CHAPTER IV'

DISCUSSION

Results from the adaptation phase of the arter-effect anaJ.ysis

revealed that after 12 minutes of U/W psychomotor performance, the

novice diver responded to the distorted visual input by initiating

a new afferent-efferent coordinating system with his working hand,

allowing him to reach a level of adaptive responding significantly

above his pretest measures, and equal to that of the experienced

divers. Apparently the restructuring that occurred for the novice

differed from that experienced by the more expert divers, since the

latter group continued to adapt with time, while the novices per­

formed at the same level after double the amount of practice.

Additional evidence that the novice and experienced divers

employed different restructuring systems was manifested when adapta­

tion measures for the working and non-working hands were compared.

The experienced diver registered adaptation equally with both hands;

the novice diver, in contrast, demonstrated veI7 significantly lower

amounts of adaptation with his non-working hand relative to his

working hand. Adaptation registered for the novice diver's non­

working hand failed to be significantly better than chance during

both the 12 and 24 minute testings, indicating no intermanual transfer

from the adapted working hand. Performance of the experienced divers

on the after-effect testing device was indicative of that labeled

visual adaptation, while novice divers demonstrated typical proprio­

ceptive adaptation.
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The experimental tasks were implemented to increase the possi­

bility of adaptation through visual restructuring due to the selective

presentation of input stimuli in conflict with selected veridical

referents. Since the experienced Ss appeared to function from the

onset with a change in visual coding, no dramatic change in perform­

ance would be expected due to the introduction of the experimental

conditions. On the other hand, the novice diver appeared to have

functioned through the adaptation period with an altered felt-position

of the hand, or change in coding in the more primitive proprioceptive

sense. Introduction of the Hi and 10 feedback conditions should have

provided the greatest opportunity for shift to visual recoding for

these subjects.

Considering this performance on the initial adaptation trials, a

~ b22. interpretation of performance during the experimental session

followed a pattern consistent with the stated hypotheses. Evaluation

of the responses to the experimental tasks based on the level of

adaptation attained by the 24 minute testing is consistent with the

fact that Hi £eedback experienced divers showed little increased

adaptation for their working hand, since they were already functioning

with visual adaptation and at a level approaching fully adapted (as

discussed below). Only the Hi feedback §.s' non-working hand had an

opportunity for increased adaptation, since performance was somewhat

lower with this hand. 10 feedback §.S were not expected to exhibit

signifioant ohange in adaptation with either hand, based on the nature

of their tasks.
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SimUarly, based on the level of adaptation of the novices after

the first 24 minutes, and the faot that they appeared to be using

proprioceptive adaptation, it was expeoted that Hi feedbaok working

and non-working hands would demonstrate considerable improvement over

the experimental sessions. Sinoe the non-working hand of the Hi feed­

back novices exhibited significant improvement after presentation of

the experimental tasks, strong evidenoe for the start of visual

adaptation was obtained. In general, all measures exhibited slight

increases for the Hi and ID novioe divers, a fact oonsistent with the

introduction of visual adaptation over time.

Experienced divers demonstrated a generally insignificant, but

consistent loss in adaptation after 30 and J6 minutes of U/W exposure;

one possible interpretation is the interaotion of faotors outside the

experimental design of the investigation. This slight loss in adaptive

effeotiveness may have been due to increased chill, simple fatigue or

boredom. A similar decrease in apparent distanoe estimations had been

noted in an earlier study for divers observing in a non-work situation

(Ono and O'Reilly, 1969). Since the experienced divers appear to have

approached a ceiling level of adaptation (approaching fully adapted),

they would be more susceptible to the demonstration of oompeting out­

side influenoes. The working and non-working hands of the novices,

and the Hi feedback experienoed divers' non-working hands, may have

been aotively improving with continued practice, with this adaptive

effect partially cancelled through the hypothesized effects of cold

and fatigue. Only further investigation, with the experimental tasks

administered earlier in the design, can determine this unequivocally.
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One interesting and unexpected result was the failure of targets

at different distances from the subject to enhance the absolute

magnitude of the after-effect. This result was inconsistent with the

optical principles underlying the distortion effect, which shouJ.d

influence the apparent distance proportionally. For the 7 and 14 inch

target placements used, absolute adaptation for the 14 inch placement

should have been twice that observed for the 7 inch placement.

The greatest amount of absolute adaptation for the 7" stimulus

distance occurred for the experienced divers' apparent distance

estimations made with the working hand at the end of 24 minutes of

practice underwater. The theoretical optimum adaptation (that-which

would re£lect complete elimination of error underwater), would be

approximately equal to the ratio of refractive indices (1.33 : 1.00)

or an increase of 33 percent. From a pretest average of 6.26 inches

the experienced divers averaged 8.14 inches in apparent distance

measurements for the testing session ending 24 minutes of practice in

the Visually distorted environment. This amounted to an increase of

1.88 inches, or 30 percent of the initial setting.

Corresponding maximum adaptation for the 14 inch placement

measures also occurred at the end of 24 minutes of u/w psychomotor per­

formance. Here the average apparent distance was 15.70 inches, compared

with a pretest average of 13.77--an increase of 1.93 inches or 14 per­

cent of the initial value (approx:l.mately half the percentage obtained at

the closer distanoe). Thus, rather than a straight proportional

increase in adaptation throughout the range of stimlus distanoes, as
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observed in the U/W SLIDE performance, a relatively constant amount

of absolute adaptation was noted for target placements in air.

Since the existence of an after-effect response is indicative of

efferent responding with a new coordinating system, competition with

a similar existing system may underlie the lack of proportionate

adaptation. By occluding the hand from view, the subject received no

feedback of his performance (other than through proprioceptive cues)

and could be expected to fUnction above water with the same system

that had recently been established underwater. The fact that a limit

was apParently placed on the absolute amount of over-reach, indicates

competition between the newly acquired afferent-efferent coordinating

system and that existing for the normal air environment. Since the

after-effect testing occurred in the familiar above water environment,

with its attending situational cues, competition between the coordin­

ating systems is not too surprising.

Speculating as to the basis for this competition, it can be

argued that the relatively less accurate proprioceptive sense aJJ.ows

a margin of f'lexibility in position sensing before an obvious error

is detected. Adaptation could be limited to this "threshold" value,

aJJ.owing for a certain amount of after-effect over-reaching (or error,

in the frame of reference of air responding) before some higher order

integrating center overrides the 'errant' positioning response

dictated by the newly learned coordinating system.

Although highly speculative, this higher order interaction

hypothesis explains fairly well the obtained results. More measurements



95

at varying distances and in other conflicting environments, are needed

before such a general principle can be established.

Results on the underwater performance task (SLIDE apparatus) were

generally consistent with the stated hypotheses. There was a signifi­

cant increase in adaptation over time for both experienced and novice

divers. The novices demonstrated a greater rate of adaptation to U/W

distance estimation, starting sig.ni.ficantly below the experienced

divers at the greater stimulus distances, and reaching approximately

the same level of performance after 36 minutes underwater.

One unexpected result was the failure of experienced divers to

adapt to the level of accuracy registered in the above-water pretest.

From antecdotal observations, plus results published by Kinney, et ale

(1968a), and postulated effects of conditional adaptation and conscious

correction, it was anticipated that fully adapted performance would be

obtained from the experienced divers. The results obtained here with

a much larger number of subjects cast doubt upon the report by Kinney

and co-workers that "(for experienced divers) adaptation is rapid and

complete. After 15 to 30 minutes of active manipulation of objects

and Participation in activities in the distorted situation, individuals

can perform perfectly adequately in the new situation" (pg. 8).

Although there was a difference of tasks in the two studies, those

proVided in the present investigation were specifically developed to

increase adaptation, while Kinney et al.· s divers were instructed to

be as active as possible, diving for objects, arranging them in pat­

terns, solVing crossword puzzles, and playing checkers--all movements

capable of complete visual guiding. The testing measures in the two
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experiments were roughly equivalent; estimates were taken of target

dist.anoe in a medial plaoe , with visual feedbaok from the reaohing

hand unavailable to the diver. Target distanoes were in the same

range (4, 8, 10, 10 to Kinney, et al.; 6, 12, 18 for the present

study). It was noted in the responses to the SLIDE apparatus that

the olosest distanoe provided the least initial error both in aotual

magnitude and in peroent ohange from air pretests. Perhaps Kinney

et al.' s oomplete adaptation was due to seleotion of extremely olose

target distances, providing smaller magnitudes of expected error.

Of the three setting distances used in the present investigation,

the six inoh distance showed less initial loss in matohing aocuracy

than did either of the greater distances. Relativelyaocurate

reproduotion of target settings may be attributable in part to the

oonstruotion of the testing device; travel cues may have been relatively

important sinoe the starting position for eaoh trial was only four

inches from the six inoh position, and estimates of travel could have

been formed. More important, the increased accuracy of the six inch

settings would also be due to the greater proportionate adaptation

occurring at the closer distances, as noted in the after-effect data

mentioned above. Only in the six inoh measurements did the subjeot

groups reaoh the level of their air pretest--actually they surpassed

this level , although the mean differences were not signifioant.

As was noted earlier, there was a consistent increase in absolute

error in matching responses as the target distanoe from the subject

inoreased. '!his inoreasing absolute error is in keeping with expeot­

ancies based on the underlying optical principles. While a theoretical
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error of 25 percent (ratio of 1.00 I 1.:33) could be expected, a some-

what reduced actuaJ. error was anticipated, attributable to learning

of proprioceptive and .travel cues at the first (air) administration,

plus some conscious correction by the subject. In actuaJ.ity, the

novice divers demonstrated U/W pretest errors of 10 percent, 17 per­

cent and 16 percent from their air pretest settings on the 6, 12 and

18 inch settings respectively. The experienced divers showed errors

of 7 percent, 10 percent and. 10 percent for the 6, 12 and 18 inch

target settings, exhibiting much less initiaJ. error than the novice

divers when in the visuaJ.ly distorted environment (possibly reflecting

a tendency for conditionaJ. adaptation, or conscious correction, or a

combination of both). Basically, distance estimation performance was

in keeping with the underlying opticaJ. principles for underwater dis­

tortions experienced on the SLIDE apparatus, while inconsistent for

after-effect measures taken in an air environment, strengthening the

implication of higher order interaction of competing coordinating

systems in the situation where there existed the opportunity for both.

'While the results of the SLIDE testing were not intended to un­

cover underlying sensorimotor restrocturing occurring during adaptation,

the after-effect testing were designed to delineate just such

coordinating system changes. In generaJ. the results of the after-effect

testing have been interpreted as affirmation of ·the hypothesis that

experienced divers exhibit visuaJ. adaptation and novice divers exhibit

visuaJ. adaptation after working on underwater psychomotor tasks.

The underlying bases for this adaptive restrocturing are not lmown.

Enough components were available in the experimentaJ. design to satisfy
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the conditions of a number of competing perceptual theories. Whether

the obtained adaptive responses resulted from the establishment of a

new reafferent feedback loop initiated by the individual's self-

induced movement and conflicting visual input (as hypothesized by

Held), or from learned readiness to respond initiated by retinal

stimulation (Festinger), is difficult to determine. Actually the

similarity of these theoretical positions is great, with Festinger's

efferent readiness theory subsuming Held's work, proVided an opportunity

for learning the new afferent-etf'erent associations is available. In

the interest of parsimony, adaptation to distance distortion obtained

in this investigation will be considered in Festinger's theoretical

f'ramework. The results can thus be considered as learning derived

trom changes in sets of efferent instructions activated by afferent

visual input.

An implication trom this theoretical approach is that m.aximum.

adaptation is provided by tasks inducing learning of new afferent­

efferent associations. Tasks such as UDLA, restricting. visual guiding

while providing ballistic movement and knowledge of results, rely

on efference issued relevant to the target distance involved. Within

the distorted visual field normal above-water afferent-efferent

associations are inadequate for successful. performance on the UDLA,

therefore it is assumed that new afferent-efferent associations are

being learned during the U/W practice sessions. While no definite

statement can be drawn from the data contrasting task effectiveness,

partially because of small sample size, tends toward increased

adaptation were apparent when performance on UDLA. was compared with

that on MBMT.
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While performance of the experienced divers is amenable to

interpretation as visual adaptive responding, evaluation of alternate

explanations for the acquisition on non-working hand adaptation

should be considered. '!'he first such alternate interpretation

accounting for proprioceptive adaptation in a non-working hand is

intermanual transfer. As mentioned earlier numerous investigators

have reported no indication of adaptation transferring from a working

to a non-working hand under conditions designed for proprioceptive

adaptation--the whole basis for this investigation was to show that

non-working hand adaptation can only be exhibited in an unusual cir­

cumstance, one where visual adaptation is the only consistent

explanation. As evidence for this contention, the inexperienced

divers exhibited no adaptive transfer in this design, although sub­

jected to the same visual distortion and psychomo~r tasks as the

experienced divers.

A more subtle suggestion might be posed regarding the possibility

of experienced divers exhibiting reestablishment of conditional pro­

prioceptive adaptation independently acquired by each hand during

previous visual-motor performances underwater. '!'he best refutation

is to note that conditional adaptation to the U/W distance distortion

was not found in sufficient magnitude to warrant its consideration as

a major explanation for obtairled adaptation. Experienced divers

evidenced significant loss in accuracy of distance estimations on the

SLIDE apparatus while underwater, with gradual adaptation over time.

After-effect testing also showed significantly inoreased adaptation

with continued practice underwater.
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FUrthermore, a previous pUot study found no adaptive shift in

hand responses for experienced divers when viewing, but not working,

underwater. In this situation there was no evidence of adaptation

occurring over time for a hand not working in the distorted environ­

ment (actually, negative apparent distance measures were recorded).

If conditional adaptation was the important process, just being

underwater should inspire some adaptive responses. Since both the

pUot and the present study found adaptation appearing only after

working in the distorted enVironment, and since it was accepted that

proprioceptive adaptation does not transfer, the non-working hand of

the experienced divers could not have exhibited adaptation based on

prior proprioceptive relearning. Only implementation of recoding in

a system operating for both working and non-working hands would

satisfy the obtained results--establishment of learned movements

based on new efferent sets activated by afferent visual input is the

only consistent explanation.

To further pursue the interpretations presented here, additional

measures should be secured that provide unequivocal support for visual

restructuring. Several supplementary dependent measures had been

considered for this investigation, but were omitted for various reasons,

including greatly increased testing time above water. With the basic

phenomenon established, investigation can shift to more accurate deter­

mination of the Parameters involved in proprioceptive and visual

adaptation.

Exactly bow the various sensory systems recode information in

establishing new afferent-efferent correlations cannot be determined



101

from this investigation. Hay and Pick (1966) and McLaughlin and Bower

(1965) postulated a change in felt-position of the eye with the onset

of prismatically induced visual adaptation, a contention strengthened

by photographic evidence that postural changes in the eye occur with

prism adaptation (Kalil and Freedman, 1966). (It is interesting to

observe that ~ves:tigators continue to postulate change in eye position

as a cue in establishing new efference, although Brindley and Merton

(19.54) noted an absence of proprioceptive position sensing in the eyes.)

The availability of muscular cues from increased convergence and

accoIllIllOdation due to displacement of the virtual image underwater might

serve a function analagous to "felt-position" of the eye in adding

visual adaptation to distance distortion. However, there is also some

controversy regarding the actual functioning of these muscular changes.

Several authors (Gogel, 1961; Richards and Miller, 1969) have shown

that not all individuals use convergence as distance cues. Others

(Ames and Ittleson, 1950) have speculated that convergence and

accoIllIllOdation may come about 9:Y!. ~ apparent distance, not act as a

determinant of it.

Nevertheless, these oculomotor processes are generally considered

as effective cues for close distances. Their limitation to closer

distances might explain why this investigation obtained results in

agreement with those anticipated from consideration of the optical

principles involved, i.e. increased after-effect above water, and

underestimation of real distance underwater, while most other studies

have shown overestimations from real distance at greater target place­

ments.
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In addition to loss of accommodation and convergence as distance

cues, introd':lction of other variables such as illumination, turbidity,

contrasts, and object surroundings mst be considered when target

distances differ. For close distances additional factors mst be

recognized which have not been discussed previously, particularly

thiclmess of the glass :interface, distance from target to :interface,

and distance from subject to :interface.

The chang:ing relationship between apparent distance and real

distance with change :in target to :interface distance is approx1mated

in Figure 10, where apparent distance (AD) is def:lned as a percent of

the total distanoe. AD varies with looation of the :interfaoe from

the limiting case equal:ing the total distance (interfaoe set at mini­

mum distanoe from target), to where it assumes the 75 peroent of real

distanoe relationship oommonly aooepted by investigators. For the

standard facemask with an average eye to interfaoe distanoe of

approximately 1.5 inohes (range of subjeots tested on Healthways

mask I 1.4 to 1.95 inches), there should be negligible departure from

25 peroent distanoe reduotion over 36 :inches away. For the present

experiment, the virtual image should have been approximately 20 per­

oent to 22.5 percent oloser to the subjeot than the real distanoe

(for the 6 and 18 inoh distanoes respeotively), rather than the

hypothetioal 25 peroent oommonly stated.

In terms of atter-effeot neoessary to adjust for this under­

estimation, adjusting for the effeot of interfaoe plaoement in the

present study ohanges the theoretioal magnifioation of 33 percent to

values between 25 peroent and 29 percent, in close agreement with the
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maximum over-reach noted by the experienced divers of 30 percent

increase from pretest. (Kinney and Inria, 1969, mention a magnifi­

cation factor of 27 percent for "distances CODDDOn to facemasks" when

dealing with size change, reflecting recognition ot the importance

of eye-interface-object distances.)

This reduction in the discrepancy between apparent and real

distances affects closer distance placements ; with displacement from

the real distance only 17.5 percent reduced for the 4 inch target

distance used by Kinney, et ale (1968a). Greater adaptation should

be found for closer targets due to this effect, plus the related

effect that, in terms of absolute distance, the discrepancy between

AD and real distance is proportionately less (AD is displaced approxi­

mately 3.5 inches closer to the §. for a target placed at a real

distance of 18 inches, and only 0.7 inches closer for a target at four

inches). As postulated earlier, small discrepancies can be more

easiJ.y assimilated in the newly restructured coordinating system than

can larger ones. The problem can be confounded when utiJ.izing port­

hole viewing, where the subject can often be considerably farther

behind the interface than is CODDDOn with facemask Viewing.

Thickness of the glass interface can also be an important

variable in contrasting obtained results. Numerous investigators have

utiJ.ized observation tasks where the subject views through a porthole

into a diVing tower. Since these windows must be relatively thick to

withstand the water pressure, adjustments must be made for the increased

visual angle when the obtained results are compared with those utiJ.izing

a standard facemask.
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Although generally neglected, some detectable change in apparent

distance might be occurring even when viewing through a 3mm glass

plate such as that in a facemask. Figure 11 summarized the results

of pretest measures for three studies performed by this author. In

all but one case, there is a slight underestimation of the real dis­

tance when the target was viewed in air, with this underestimation

fairly linear through the target distances used. It is possible that

interposition of the faceplate is the cause of ·the underestimation;

studies are presently being conducted to determine just how much the

interface contributes to the underestimation.
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CHAPTER V

CONCLUSIONS

The results of the present study supported the hypotheses that

novice and experienced subjects utilized different adaptive methods

in adjusting' to distance distortion through a water-air interface.

According to the operational definitions accepted at the inception

of the investigation, the experienced divers exhibited visual

adaptation, as measured by similar after-effect responses produced

by both working and non-working hands. Inexperienced divers showed

proprioceptive adaptation to the U/W distortion, as exhibited by a

difference in after-effect responding for working and non-working

hands.

As hypothesized, experienced divers exhibited greater over-reach

(renecting increased adaptation) over time on the A-ETD than did the

novices. Continued adaptation over time was found for the experienced

divers, while the novices demonstrated a lower, but consistent, level

of adaptation from the first 12 minute testing. As had been found in

prism-distortion research, proprioceptive adaptation occurred rapidly,

within the first 12 minutes of U/W performance for the novices; the

experienced divers, utilizing visual adaptation, adapted to the same

level initially, but perceived distance incl'!a~ed significantly after

the second (24 minute) testing.

On the SLIm task, measuring accuracy of distance estimation

while in the water, experienced divers made smaller errors in distance

matching than the novices at each target placement, as was expected.
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Accuracy of distance matching increased for both groups over time,

with the novices reaching approximately the same level of accuracy

as the experienced divers after 36 minutes of exposure to the distorted

visual input. This result was contrary to the hypothesis that novices

would adapt less than the experts, and was in disagreement with results

from a comporable study.

Introduction of experimental tasks differing in amount of avail­

able feedback concerning the distortion generally produced the

hypothesized results, although there was some indication of confounding

with fatigue, cold, and motivational factors which tended to depress

improvement in adaptive responding. Both novice and expert high feed­

back subjects appeared to be e:xhibiting increased visual adaptation;

even the novice low feedback group showed some improved responding with

their non-working hand during the last two A-ETD testings, reflecting

a possible shift to visual adaptation. Further investigation into the

effects of the high and low feedback tasks is necessary, with the

tasks presented earlier, and for a longer period.

Although the adaptation period tasks (the UDLA. and MRMT) did not

significantly differ on their ability to induce adaptation in the

divers' responding, there was a consistent difference between the tasks

in the hypothesized direction - the task designed to provide the great­

est opportunity for ballistic movement (the una) tended to induce the

greatest amount of after-effect on the A-ETD.

The effectiveness of distance estimation responding was found to

vary with the distance of the target from the subject. In the air

testings, measures of after-effect decreased proportionately with
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increased target distance, with a relatively constant absolute amount

of over-reach across distances. In the U/W testings on the SLIDE,

subjects demonstrated increased absolute error with increased distance

of target placement, with a corresponding equal proportional error

across distances. The after-effect results failed to support the

hypothesis that the absolute magnitude of adaptative responding would

increase with target distance from the subject, while the SLIDE results

confirmed this expectation. Suggestions designed to explain this dis­

crePancy have been presented.

In summary, adaptation to distance-displaced visual images does

occur. Indications of different methods for producing this adaptation

were found between subjects with extended experience in the water

environment and those relatively inexperienced in underwater perform­

ance. Results of the present study also suggest that appropriate

selection of tasks can aid in inducing these various modes of adapting.

The underlYing physiological structures involved in re­

establishing eye-hand coordination for effective reaching performance

in a 'distorted' environment are not known, nor was this investigation

designed to determine neurological structure and function. The study

did demonstrate further instances of plasticity in human sensing

capabilities.

Proprioceptive sensing was initially altered for the novices, as

evidenced by changing performance of the working hand during reaching

estimations. The phenomenon of ''visual capture," or domination of

vision over proprioception, had been demonstrated many time before.

This investigation produced evidence that postural cues utilized in
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hand extensions during reaching were susceptible to visual dominance;

the working hand established a new set of efferent movement when

visually altered input were presented.

Evidence for visual restructuring, as postulated for the experi­

enced divers, is more equivocal. Too little is known regarding higher

order multi-l1lOdal sensory integration in the human to establish the

precise manner of eye-hand recording that occurs during adaptation.

Before the occurrence of visual adaptation can be definitely established

additional experimentation is necessary. Use of tasks involving only

visual input, such as visually matching a standard, are suggested to

provide converging operations for establishing change in visual per­

ception. Several oculomotor cues capable of assisting in restructuring

visual perception of distance were discussed, but they do not, in

themselves, constitutf3 sufficient evidence for visual adaptation.

Laboratory studies duplicating the design in its essential aspects are

also recommended, especially to establish performance histories not

confounded with possible earlier proprioceptive learning or conditional

adaptation.

Several considerations are presented for applying the results of

this investigation to the problem of effective performance of Man in

the Sea. Divers can be expected to exhibit errors in estimation of

distances, even within arm's reach. Underestimation of actual distance

was found for these close distances; other investigations report over­

estimation for greater distances. Diving experience is related to

amount of error, with experienced divers demonstrating less initial

error than novices. Adaptation, or decrease in error of estimation
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while underwater, occurs over time for both novices and experts,

indicating some possible advantage in introducing "warm-up" tasks

before critical U/Woperations.

AftE;lr-effects in air were found to be quite high, up to 30 per-

cent over-reach for closer distances, after the diver had been

functioning in the water environment for a period of time. Tasks
"-

requiring ballistic reach, or resulting in proximal-distal movements

without close visual guidance should be avoided immediately after

emerging from the water.

In general, results from this study illustrate the advantage of

utilizing a natural source of visual distortion, since an available

pool of subjects experienced in functioning in the 'distorted'

environment exists. Additional utilization of the natural semi-

weightlessness and decorrelation conditions unique to this environment

is also encouraged to fUrther extend knowledge of sensor,y functioning

in the human.
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