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ABSTRACT

POWER BOAT OPERATORS'
% B VISUAL BEHAVIOR PATTERNS
by

Susanne Marie Gatchell

Chairman: James M. Miller

Thgirole of vision has been exteﬁsively studiéd in thevcontrol

of autoﬁbbiles and aircraft, but little is known about the visual
characﬁériétics displayed by recreational power boat operatofs.
'.Thus,'a research effort was structured to: (1) develop a research
methodology for collecting boaters' eye fixation data and demonstrate
',.its:féasibility; (2) evaluate factors which affect boaters' visual
.beﬁaviof és measured by theif éye fixation patterns; and, (3) compare

these eye fixation results from boating with similar automobile driver
studies where. eye fixatibn data were collected.

To accomplish these objectives, corneal reflection eye fiﬁations
‘were'videp‘géped while three experienced boa;ers performed tHe follow-
_ing oper;tions under low traffic density situations: three navigation
tasks (compass, visual reference point, center in channel); at three

velocities (29, 42, 56 kmh); and in two boating environments

(limited access, open water).



A statistical evaluation jusﬁifying the adequacy of the subject
sample size is presented; and this justification in itself is a con-
tribution which can be generélized.for otﬁér applications.

Results deﬁonstrated that bpaters' eye fixations can be recorded
in various conditions with acceptable acéuracy; but careful procedures
are necessary.

Boaters' fixation dqrations were not normally distributed and
were, thus, analyzed after performing log normal transforms. This
finding of non-normality may have general implications to all past
and future eye fixation research, since it may not have beén given
due consideration previously.

Analyses of the data indicate that boaters scanned a signifi-
cantly larger area to the right front of the vessel during a limited
access water condition than during an open water‘conditionL More
fixations to the right may be related to the cockpit station being
traditionally on this starboard side of.the test boat. |

During a center in chénnel task, durations increased with in-
creased velocities. Decreases in durations with increasing velocity
levels were exhibited during the compass and visualireference point
fésks. Possible explanations for this velocity-navigation task inter-
actionﬁare suggested.

‘When comparing the visual patterns of boaters with automobile

drivers, differences were noted in both. the horizontal and vertical

fixation coordinates. While centering in a channel, boaters' mean



" horizontal locatiéﬁé'were'similar to automobile drivers' (55 to the

right of center)-althdugh théir‘standara deviations were considerably
greater (22° for boaters and 3° for autoﬁobile drivers). Mean verti-
cal locations indicated that boaters scénned below the horizon (-2%),
"while.autémobilé drivers scanned above the horizon (2°). This may be
related to boaters bging primarily.interested in collision -avoidance
while automobile driQérs ;re primarily cqncernediwith tracking and

lateral placement.
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CHAPTER I

BACKGROUND AND LITERATURE REVIEW

IﬁTRODUCTION

‘Extensive research has heen performéd'to investigate behavior
patterns of.operatofs in vérious transportation modes (primérily
aircfaft and automobile); howe&er, little is known about the behavior
pattefns of recreational power boat operators. AThe problems bf these
boat operators are just beginning to receive attention. The United
StateSIQ§asf Guard has recently developed an interest in the human
factors aspects of smallcraft operators, and is supporting research
in hopes of determining causal relationships between the behavior of
operators and boating collision accidents. It will, however, take
many years of extensive and expensive research to gain an understanding
of boaters which is even comparable to our limited understanding of
automébile or aircraft operatér behavior. To assist in this definition
of the boater's behavior, it would be advantagéous to utilize that
research which is applicable from these other transportatioﬁ modes.

Vision is én important sensory modality for vehicle operators;
and determining eye fixation points is a method which has proven par-
ticularly successful in quantifying the visual behavior of automobile
drivers. Thus, in order to explore similér visual behaviors iﬁ boaters,
the research reported hérein was undertaken with the foliowing re-

search objectives:



i. to devélop a research methodology and establish the
feasibility of collecting boaters' eye fixation data;

2. to evaluéte Seferal factors whiéh affect boaters' éye
fixations; and |

3. to compare these eye fixation results with similar auto-

mobiYe drivers studies where eye fixation data were collected.

The literature review section develops reasons for these objec-
tives and discusses why the-compariSons are limited to automobile

drivers.

LITERATURE REVIEW

Boating Research

Boating human factors research wasfinitiéted by Miller (1973)
who applied the knowledge and techniques géined from experiménts in
other eﬁvironments to the boating‘aréna. .His teseérch included ex~
-tensive literature reviews iﬁ the area of stressors (e.g;,‘heét, |
‘vibration, noise, etc.);jperCéption, décision ﬁaking, antﬁropometrics,
and cockpit design praéticés. He also performed an in;deﬁth statisti—
cal re—apalysis of the 1972 Coast Guard Boating Accident Report
{Miller,”;973). Finally, fﬁture research néeds were proposed
which iné}uded recommendations to study visibility réiated'problemS'

- which might lead to cdllisioné.
The folloﬁing results ﬁeré amoﬁg those reported by Miller in

his analysis of the 1972 Coast Gﬁardeoating Accident Report data:



1. Of the 4308 vessels having damage, injuries or fatalities

the following was reported:

a. 78% of the operators had 100 hours or more boating
experience.

b. In 79% of the cases, the weather and visibility were
good.

c.. In 56% of the cases, the water was calm, while only
247 of the cases reported the water condition as

~ choppy.

d. 1In 63% of the cases, the Qind was reported as none

to light.

2. Of the 120 "Other Deaths," 45% of the vessels had a col-

lision with another boat or an object.

3. 0f the 3127 vessels damaged, 50% were cruising at the

time of the accident, and 49% had a collision with

another vessel.

it was not unskilled beginning boaters who lost control of

their vessels in rough water and who caused the majority of accidents.

" Rather, it was experienced operators, cruising in other than rough

water, who collided with another object which they either 1) did not

see in time to avoid, 2) did not recognize as being on a collision

course with then, or 3) did not know how to avoid, with their particu-

lar skill, knowledge, or experience level.

As a result of this initial focus on the collision problem, the

next follow-on study as reported by MacNeill, et al., (1975)



attempted to further identify causal factors 1n collision accidents
in accordance to some of the recommendations made in the Miller
1973 reference. 1In analyzing 55 collisioné.reported to the Coast
Guard in 1974, MacNeill (1975, p 55) stated that "inattention was...
the primary cause for 22% of the collisions." This inattention can
be interpreted as operatorSfailing to observe, process or aét on the
visual information which should have been used to avoid the collision.
As a result of ten in-depth inﬁestigations involving 15 boats,
MacNeili in the next report (1976b, p. 9-10), followed this "in-
attention" suggestion and found that:
"Visibility oriented problems were identified as
- causing the collision in 947 of the cases; broken
down as follows:
‘ —.he,didn‘t see boat/object in time to avoid it
but tried to ‘ _ 27%
didn't try S 7%

- he didn't see boat/object at all‘becauée:

he wasn't looking 27%
~his vision was obscured o 20%

it waSn't;visible | _13%
947

In the 1atést series of studies under Coast Guard sponsorship, -
MacNeill, et al., (1976a) also discussed the series of three tests
which used a Visual Alertness Stress Test (the VAST system). This

VAST system consisted of a 5.2 m (17 ft.) boat with a center helm



position surroundéd by a semicircular 1ight display. Subjects were
instructed to steer a particular course and respond to the stimulus
lights by depressing a buttqn on the throttle, A primary function

of this ;ystem was to test fatigue effects on peripheral vision re-
sponse times. (In ordervto induce fatigue, subjects spent three

hours performing specific activities, such as playing baseball, riding
in a boat, etc.) The original idea fof the VAST experiment was con-
ceived by J. Miller, G. Herrin and S. Gatchell while acting as con-
sultants to Wyle Laboratories. The engineers at Wyle then refined

the concepﬁfand implemented it in the present form of the VAST boat.
The reportéd results ofvthé-VAST—l test indicated that in the fatigued
states the six subjects had significantly more missed signals and
slower response times. For example, boaters' reaction times doubled
from 2100 ﬁsec in the rested state to 4000 msec in the fatigued state.

The second experiment (VAST-2) studied the primary and synergistic
effects of fatigue and alcohql. Results indicated that fatigue still
had a significant effect although not as large as in VAST-1 (RT's
increased from 1800 to 2000 msec in the fatigued state). It was also
found that there was a significant effect due to alcohol and an inter-
action effeect between fatigue and alcohol.

VAST-3 was an ambitious undertaking which attempted to study al-
cohol, fatigue, noise, shock/vibration, glare and their interactions
in‘a three subject experiment. These factors were thought to be
major among the important potential stressors in boating. The résults

yielded no single factor which consistently degraded error rate or



response times. Alcohol was statistically significant as a main
effect on response time performance, but it "improved" response time
performance at the middlé .OSZ.levél.

These studies, by MacNeill, et al., (1976a) using the VAST
system, imparted a simulation type environment on a boating task,
the fidelity of which might be questioned. Moreover, the subjects in
the VAST-1 task were all Coast Guard personnel and in the VAST-2
and VAST-3 were Wyle personnel. Selecting subjects in this nature
may have resulted in a biased subject pool which ié not representa-
tive of the average smallcraft boaterf In performing further boat-
ing research studies, it would be advantageous to get. a more repre¥
sentative subject population. ‘

While performing'the VAST task, the subject's primary task was
to maintain compass headings. Their secondary task was to perform
the VAST task.‘ Hoﬁever, analytical judgments were never made as to
the degree or pefceﬁtage of time that subjects spenf on the primary
vs. secondary tasks. Given there was enough latitude maintainingv
compass headings and that the boating situation was non-stressful,
then -it would be feasible to assume that subjects spent a larger
percentage of their time monitoring the VAST apparatus than on their
primary task of maintaining compass heading.

Traffic density would seem to be'an important factor in oper-
atorS' visual behavior related to collision avgidance ﬁut MacNeill
never mentions the traffic density~characteristfés4in the immediate

test site during any of these VAST studies.



Another methodology used téfdetermine boaters' behavior is a
simple photographic survey of boaters. Sowa and Fréser (1974) ob-
servea 156 smallcraft boaters, and found that apéroximately 13%
were sitting on the top of the seat back; while MacNeill's (1976a,

P. 113)-survey'of 27Q boaters "showed that 1/3 of the operators were |
standing, kneeling, etc. iﬁ'order to get their eye point high enough
to see adequately." Operators in this type of position, although
achieving better extermal viSibili;y,‘redpce their aBility to reach
and operate their controls.

ther methods besides those4men£ioned above are available for
gaining more quantitative inférmation of boaters' visual responses
but have not as yet been attemptgd. In particular, many researchers
have utilized an eye fixation.apparatus to study automobile drivers'
visual behavior. This teéhnique seems particularly suited to gain
additionalAinformation about boat operators. Thué; the fifst re-
search objectivg-for ;his research has Been chosen as follows:

OBJECTIVE 1: DEVELOP A»RESEARCH METHODOLOGY AND ESTABLISH

THE FEASIBILITY OF COLLECTING BOATﬁRS‘ EYE
FIXATION DATA. -' | |

Becausé of the research precedencé established in the automobile
arena, the following section examines, fiyst,'some relevant automobile
driver research, and then discusses some specific automofive eye
fixation studies which may pfovide insight into what migﬁt be expected

~ from boat operators.



Automotive Research

Due to the cockpit similarities, and since adult boat operators
are also experienced automobile drivers, one might,eipect that a -
large portion of boat operators" behavior may result from a "transfer
of training" from automobile driving.i However, boaters should com-
pensate for the differences_between the tno environments when driving
'a boat.

Differences between these two types of operations become apparent
when one considers the primary tasks. McDowell (1975, p. 38) summarized
the task of automobile driving as follows:

"1. Driving is primarily a preview control task where the

driver previews the roadway ahead and attempts to mini-
mize the deviation between the vehicle's actual state

and the desired state over some time 1nterval.

2. The task is primarily two dimensional with the driver
controlling the vehicle's lateral position and velocity.

: 3;‘ The driver is a discrete data sampling controller, as
opposed to a continuous process monitor, with vehicle
dynamics and roadway geometry playing an important role
in determining the sampling strategy." '
Many of the automobile drivers' tasks are necessitated by the fact
that they have a limited, confined path in which to maneuver their
vehicles. Boat operators have more flexibility in leteral position—
ing and velocity maintenance, thus, navigation may not be their
primary task. Instead, collision avoidance may be the primary
task for boatere( This is necessitated by the fact that many,potentiel

non-vehicular collision objects (e.g., logs or debris) are difficult to

see in the water. Automobile drivers arevconcerned with similar



collision avoidance, but given that they stay in theif limited track-
ing area, there is a lower probability that a potential non-vehicular
objec£ will be in théir path. In discussing automobile drivers' de-
tection of obstacles in their roadway, McDowell (1975) assumes that
detection is not difficult; instead, the drivers are faced with the
greater task of deciding the necessary control action required by
the situation. This detection process may be extremely difficult
for boaters because many potential non—vehicular obstacles may be
partially or totally submerged in the water. Even those obstacles
which are above the water may be difficult to detect due to glare
or low contrast ratios with the surrounding water.

In their searching and scanning behavior, automobile drivers
are aided by mirrors which have been studied by many researchers
(Pettit, 1966;‘Marcﬁs, 1968; Mansour, 1971; and Mourant and Donahue,
1974). The amount of time that automobile drivers-spend fixating
to the mirror depends on their immediate driving task. Mourant and
Donahue (1974) studied two such mirror systems, one with a 25% larger
field of view than the other, and found no differenceS’in fixation
durations and frequenéies to either mirror;. This suggests that auto-‘
mobile drivers do not gain additional information from largér mirror
systems, but rather within each task they need a fixed amount of time
to acquire rear visual information. Unfértunately for boaters, this
type of mirror system has limited availabiiity~and usefulnesé; and ob-
tainihg information from a rear visual system on a boat may be hindered

by vibration transmitted to the mirrdrs.
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Automobile drivers need to search‘brimarily fqrvvehiéles in
limited areaS-(forward,.directly to;the rear and 90° to the.éidesj.
in co;trast, boéters sﬁould»;earch fdr potential collision veﬂicles
anywhere within the 36051area‘surr9unding their vessel; as illustrated
in Figure 1.1. Thus, the dispersion of the‘visﬁal search pattérn_
should be greater for boaters than adtomobi1e drivers because ;) po-

tential collision obstacles cén impinge from a greater number of

-locations than in the automobile driving situation and 2) ‘they do

not have a mirror system.

Figure 1.1: Operators' pfimary search directions to detect potential

collision wvehicles ‘
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‘In determining where one would expect operators to scan, it
is algg important to know the types and probable locations of task
related information. This was accomplished for automobile drivers
" by Ford Motor Company (1972). A 2400 mile photographic survey was
undertaken to determiﬁe éhoSe areaé around an automobile whére
drivers were most 1ike1§ to view such objects as other vehicies,
traffic signs and signals or pedestrians. It is undesirable to place
vehicular structures in locétions which would obstruct driver vision
to suchfébjects. A method for accessing the obstructed and non-
obstructed viéual areas for automobile drivers was developed by
Barnoski; et al., (1970). His method allows one to make objective
visibility comparisons between vehicles by aséigning a number
befween 0 and 100 to the particular vehicle being evaluated.

Boats have similar problems to automobiles in that they con-
tainlpillars and other structures which can interfere with driver
visibility. Dissimilarity arises from visual obstructions caused
by the changing planing angles of the boat. A computer graphic
method for assessing this type of visual problem was developed by
Miller (1973). |

In addition to potential stfuctural interference, there are
also possible visual problems related to the foveal and peripheral
capabilities of individual drivers. - Salvatore (1968) used subjects
seated as passengers in an automobile with their heads in a chin rest.

He found that individualé could estimate a vehicle's velocity better
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with peripheral cues than foveal. Newsome (1967) determined that the
further in the periphery an object was, the further aﬁay an observer.
judged its distance;ian object at a peripheral angle of 180° was judged
by observers to be 1C0 feet away when the cofréct distance was only

65 feet. Glasses can also restrict peripheral vision capabilities
(Smith and Weale, 1966 and Bewley, 1969); Burg (1968a) reported that
age will cause a decrease in the lateral visual field. From these
above findings, one can infer, fof example, that boaters might have

a tendency to underestimate the hazards éssociated with a boat seen

in the periphery. Moreover, veloclity estimates may be more difficult
in open water, where the relevant peripheral cues similar to a traffic
roadway are not prevalent.

Detection problems may 5e further apparent when one considers
night boating. Night myopia has been detected in young automobile
drivers; and, pésitive after images can result as an automobile
driver looks directlyrat oncoming headlights (Fry, 1968). Dark
adaptation is also a proslem‘in automobile driving. This is-&efin—

" itely age related, where Domey and McFarland (1961) have;recorded
that it takes a teenager 10 minutes to become dark adapted and a
60 year old 28 minutes.

One might expect these adaptation problemsvto be prevalent durihg
night boating, which in themselves makes the detection of collision
obstacles difficult. However, these problems are compounded By

irrelevant light sources. Even if boaters detect an approaching
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vehicle, they can easily lose sight of it if its background has
several light sources, such as those emitted from shore.

A&diﬁional boating'problems were reported by Stiehl (1975).
In a survey of 150 people involveé in nighttime boating accidents,
he noted that the glare produced by the 360° stern light (manditory
on boats) was a common problem in these collisions. Many boaters
travel at nighﬁ without their stern light on in order that they
might be able to detect other boats. Problems arise when two boats
in the same vicinity are traveling without using these stern lights.
Stiehl indicated that 427 of the accident involved persons surveyed
sald that the other boat's light were off. Judging whether another
boat's lights were on can be difficult for operators depending on
1) the number of:irrelevant lights in the background and 2) whether
they were looking in the direction of the approaching vessel. Of
course, it is easier to get these operators to admif ﬁhat someone
else's lights were not_oh. |

Another boating probiem is related to glare. Glare interferes
with visual detec;ion due to the scattering of light on the retina.
Burg (1968b) analyzed drivers' visual performance and its relation-
ship to accildents. Hé used a measufe of glare recovery and found that
it was a predictor of accident rate. This, however, did not predict
as well as his dynamic visual acuity measure. MacNeill, et al.,
(1976a) felt that the glare factor was imporﬁant enough to inélude
it in the VAST-3 study. In controlling for glare in this VAST-3

study, subjects either did or did not wear sunglasses. MacNeill
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The previous section discussed some of the automotive research
which has relevance to the boating arena. The following section

contains examples of various types of automotive eye fixation re-

search.

Automotive Eye Fixation Research

Nﬁmerous automotive eye fixation type'studies have been per-
formed by Rockwell and others at Ohio State Univefsity (e.g.,
Rockwell,ﬂpverby and Mourant, 1968; Rockwell, Ernst and Rulon,

1970; and Zell, Rockwell and Mourant, 1969). Using a corneal reflec-
tion eye marker system, Rockwell and others have been able to deter-
mine areas where drivers fixate to during different types of tasks.
Some of their results are summarized in Table 1.1. From this table,
the most noticable inference is that the drivers' time is spént pri-
marily looking at objects in a straight ahead viewiné érea (-3° to

5° azimuth and -2° to. 2° elevation). This is true whether the drivers
are on an open freeway; changing lanes on a freeway, fol}owing a car
or driving in‘a neighborhood érea. The familiarity of the route does
not greatly affect the viewing area, although there»does seem to be

a downward trend of fixation location with repeated familiarity
(Mourant, et al., 1969). It is also obvious from the fixation dura-
tion results in Table 1.1 that automobile drivers spent most of their
time looking straight ahead. Less than 10%vof fheir time was spent

looking at road signs of lane markers.
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Table 1.1

Results from three Rockwell Eye Movement Studies

Mean or Median
of Viewing Angle

Fixation
Time Results

Study _ Mumber of Task
Subjects -
Whalen, Rockwell and 3 Highway Driving
Mourant (1968) "A Open Road
Pilot Study of Drivers' (50 nph.)
Eye Movements"
Open Road
(70 oph.)
Car Following
with Short
Headway

Overtaking a
Leading Vehicle

Freaway Traffic

5° azimuth,
0° elevation

5% azimuth,
2° elevation
6° azinuth,
0° elevation
5° azinuth,
0° elevation

5° aziouth,
~1° elevation

Median of Fixatlon
Duration for all
tasks was 1/4-1/2
second.

5° azimuth,
2-1/2° elevation

4-1/2° azimuth,
2° elevation -

4-1/2° azimuth,
1° elevation

502 of Viewing Time
Looking Ahead

% of Viewlng Time
Looking at Bridges

6% of Viewing Time
Looking at Road Signs

5% of Viewing Time
Looking at Vehicles

2% of Viewing Time
Looking at Road and
Lane Markers

4* azimuth,
1° elevation

4-1/2° azimuth,

0° elevation

4° azimuth,
0°* elevation

40% of Viewing Time
Looking at Lead Car
and Other Vehicles

30% of Viewing Time
Looking Ahead

57 of Viewing Time
Looking at Bridges

4% of Viewing Time
Looking at Road Signs

3% of Viewing Time
Looking at Road and
Lane Markers .

Driving
Mourant, Rockwell 8 Open Freevay
and Rockoff (1969) Driving
"Drivers’ Eye Move-
meat and Visual Trial #1
Workload"
Trial #2
Trial #3
Car Following
(Freeway Driving)
Trial #1
Trial #2
Trial 93
Mourant and Rockwell o Neighborhcod
(1972) “'Strategies of Exper- Task
Visual Search by ienced Approach to
Novice & Experienced Drivers Stop Sign
Drivera”
Approach to

Traffic Light

Approach to
Left Turn

Approach to.
Right Turn

0° azimuth,
0° elevation

~3° azimuth,
0° elevation

2* azinuth,
-1° elevation

6° azimuth,
~1° elevation

Freeway Task
Chauging to -
Left Lane

Changing to
Right Lana

Traveling in
Left Lane

Traveling in
Right Lane

~2® azinuth,
-2° elevation

1° aziomth,

1° elevation

2° azinuth,
-1% elevation

3° azinuth,
-1° elevation

-9 sec. mean elance
durastion at inside
ruearview mirror

1.0 sec. mean glance
duration at side
mircor

-8 sec. mean plance
duration at specdo-
meter
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In the Kaluger and Smith study (1970), fatigue caused the eye
fixation patterns to be less concentrated (i.e;, scanned a larger
area), indicating that the fatigued drivers probably had to use
foveal vision in the areas typically monitored peripherally.

McDowell (1975) rébo?ted that fixation durations were longer
with increased velocity and suggested that this was related to operators
processing information more accurately at higher velocities. Such
velocity effects may.be‘particularly pertinent in boating, due to the
fact thatuihe operators' have the freedom to select their speed in
most types of boating environments.

Bhise (1973) studied automobile drivers as they merged onto
freeways via a ramp. He noted that drivers on the entrance ramp made
considerably more use of their side view mirror than when they were
on the freeway.

Automobile driver's eye fixation patterns have also been studied
for other types of roadway geometry. Shinar, et al., (1977) found
that drivers approaching a curve alternate their fixations between
the road ahead and the right road edge. .

Additional studies have been pefformed to investigate the roié of
carbon monoxide, marijuana and alcohol on automobile drivers' eye
fixations. Rockwell and Weir (1973) fopnd that with elevated carbon
monoxide levels drivers increased their percent of fixations in the
looking ahead area. This was suggested as being related to a type

of perceptual narrowing which developed as the level of carbon monoxide
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increased. ‘Moskowitz, et al., (1976) had subjects drive a simulator
while recording their eye fixation patterns; they reported am in-
creased dwell (duration) time with alcohol and a décreased fixafion
frequency. These authors suggest that this alcohol effect is related
to a decreasgd information processing rate. In the same simulator
but with different subjects, marijuana did not produce the effects
that Moskowitz had réported with alcohol. 1In fact, none of the eye
fixation dependent measure; exhibited any significant effects due to
marijuana (Moskowifz, et al., 1976).

The above automotive driver eye fixation studies reviewed the
results from a variety of independent variables. In order to gain
a comparable understanding of boaters; research objective #2 was
undertaken. |

OBJECTIVE #2: TO EVALUATE SEVﬁRAL FACTORS WHICH AFFECT

| BOATERS" ﬁYE FIXATIONS. |
Discussing the results ffom Objective #2 with respect to some of the
above automotive studies occurs as the third'research objective.

OBJECTIVE #3: TO COMPARE THESE EYE FIXATION RESULTS WLTH

SIMILAR AUTOMOBILE DRIVERS' STUDIES WHERE

EYE FIXATION DATA WERE COLLECTED. |
‘Regarding otﬁer than the automotive arena,‘éirplane pilots have
detection problems similar to boaters, in fhat they must scan their
exterior environment for potential collision objecté (i.e., other
planes? etc.). However, résearchers who have studied thesé pilots

have concentrated primarily on their instrument scanning behavior
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and not on their external fixations (Fitts, et al., 1950; Jones,

et al., 1949; and Senders, et al., 1966); thus, the findings from

these researchers have limited application to boaters and will not
be discussed. The following section describes the changes which
were incorporated into -the research apparatus in order to make it

possible to determine boaters' eye fixations.



'CHAPTER II

RESEARCH APPARATUS

This chapter pertains to the pdrtién'of Objective #l.relatgd
to the feasibility of colléctingvboaters' eye fixation.data.' For
Ehe purpose of recording boaters' eye fixations, two major pleces
of equipment were necessary: an eye marker systeﬁ, and a test boat.

Each of these items is discussed helow.

TEST BOAT
A 6 meter (22 ft.) cabin motor boat was donated to the University
by Century Boat Company for the purpose of performing operator viéi—
bility related researchi(see Figure 2.1). Although this vessel is
larger than the average size boat, it was selected for the following
reasons:
| 1. The delicate nature of the electronic data collection eéuip-
ment rgquired that'it be protected from water, extreme vi-
) brafions, and engine electrical interferences. Since this
test boat had a more stable ride than smaller boats, vibra-
»tions on the equipment were minimal.

2. The hardtoﬁ and glassed-in-areas offered more protectibﬁ to
the subject and tést equipment; and the hérdtop reducedv
some of the glare on the subject. |

3. The vessel was large enoﬁgh for three experimenters to
perform different tasks without distraéting thé subject

from his primary task of driving the boat.

20
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The driver's seat was a pedestal type éeat with fore and

aft Séat_adjustment. It was modified to include vertical
seat adjustment. Thus, if the subject felt his seated posi-
tion height was not optimal, he could raise or lower the
seat. This was necessary in order to improve the forward
visibility of. the driver while trying to scan the water.
Gauges and controls on the instrument panel were relocated
to iﬁprove visibility and ease of operation. The original
and the modified instrument panels are jillustrated in Figure
2.3.

Glare reducing material was installed on the bow of the
boat, the underside of the foof, the instrument panel and
several chrome areas which were glare sources (e.g., the .
épokes of the steering wheel).

The roof of the boat was raised 15". This was necessary in

'order to provide enough head room such that the driver

while wearing the corneal reflecfion eye moverient éystem
would not contact the roof in rough water.

Each front windshieid was féplaced with a singlé piece of
glass. Origiﬁally, these windshields were a two piece unit
with vented lower portion (see Figure 2.1). | |

The bow rail was lowered t;’improve forward-visihility3 Tﬁis
was necessary 5eéause at a normal planing angle the boﬁ rail

obstructed much of the horizon.
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7. The passenger seat directly behind the driver was removed
in order tb locate the test equipment electronics as close
to the sﬁbject és'possible without distracting him from his
task.

During testiﬁg the subject occupied a starboard helm seat with
the experimenter occupying a port seat (see‘Figure 2.4). Behind the
experimenter was the camera man who took 35 mm photographs at various
locations along the test rbute and recorded traffic densities. The
equip@ent monitor was iocated directly behind the subject.

An electrical modification was made to the boat's engine by adding
an auxiliary battery. The two batteries were connected with a battery
iéolatér; Then an inverter drew current off this battery system in

order to supply the 120 volts A.C. to the test equipment.

VISUAL ACTIVITY MONITORING SYSTEM

Numerous apparatus have bheen developed to record eye fixations.
"Many of these apparatus used in laboratory setting; (e.g., electro-
oculogrdpﬁy and contact lenses) restrict subjects to limited head
movements (see Yarbus, 1967 for a discussion of eye fixation/movement
recording devices). Automotive»eye fixation researchers have usually
used portable corneal reflection type fecording apparatﬁs.

The corneal reflection eye marker recorder used for'this study
was developed at the University of Michigan's Industrial and Operations

Engineering Department. This "Visual Activity Monitoring" (VAM) system

is illustrated in Figures 2.5 and 2.6.
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Figure 2.5: Tllustration of visual activity monitoring helmet
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This VAM system was similér in concept to the one discussed by
Rockwell, Bhise, and Mourant (1972). It consisted of a helmet with
a custom fitted foam innerliner and stabilized by means of side
brackets attachedltoha bite bar. Television vidicon tubes were
mounted on the helﬁet‘1in front of the left eye to pick up‘the corneal
reflection and vertically on the subject's forehead to record the
forward scene.‘ A combinatiqn of electronic and mechanicél adjust—
ments allowed,thé corneal reflection image to be suﬁerimposed on the
field :view‘ image. This resulted in a small white dot which was
calibrated ih such a ﬁay as to correspond to the subject's actual
viewing location; as illustrated in Figure 2.7.

Pilot tests with the.VAM apparatus indicated that the oriéinal
design had to be modified in order to record data in the boatiﬁg en-
vironment. The following modifications were made:

1. Neutrai density filters were added to the head vidicon lens

to reduce the amount of light entering the tube.

2. A red light emitting diode,(LEﬁ) originally used as the
corneal reflection light soufce was neither visible to the
‘experimenters not on the video tape under sunlight boating
con@itipns. Thus, a brighter miniature incandescent lamp
was used for the light source.

3. -Séverél ground wires were added to the system.

4. The VAM helmet was painted flat black in order to reduce

| the glare to the subjects.
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5. The power supply had voitage surges which were related to
‘the engine r.p.m. An adjustable transformer (VARIAC) was
added to reduce these surges.
In addition to the above, the auxiliary electronic equipment
(e.g., mixer, Qideb tape recorder) was mounted in a plywood cabinet

to protect them from the environment.

Eye Marker Calibration

During the tést sessions, calibration adjustment of the system
was accomplishéd using a calibration board which was 2.4 m (8 ft.)
away. This baard had horizontal and vertical lines 12 cm (5 in.)
apart and subtended visual angles of 16° horizontal and 10° vertical.

To check the calibration at distances other than the 2.4 m -
location, the subject fixated on a.) the instrument panel ganes
and controls which were approximately .5 m (20 in.) away from‘him,
b.) external items (such as a point of land, a flagpole) which were
at least 100 m (325 ft.) away, and c.) bow rail markers which were
approximately 2.9 m (9 ft.) away. During these calibration sequences
the calibration error was considered acceptable if less than 2°.

The initial calibrations for all test runs were recorded on the
video film. .Pefiodically through the testing seqﬁencq. the calibra-
tion was checked by having the subject fixate on certain objects.

Minor variations could be corrected electronically. However, if
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larger variations were noted the test was stopped and the sys#em
was recalibrated mechanically (with the adjustmenté available on
the helmet). Calibration error was usually caused by the helmet
slipping. This occurred because of such things as rough ﬁater
conditions or the subject trying to "scratch his head." The
average calibration'efror during testing was 1.5° horizontal‘and

.7° vertical.



CHAPTER IIT

RESEARCH METHODOLOGY

The development of a research methodology for collecting boaters'
eye fixation data was one of the major objectives of this research.
Another abjective was the evaluation.of féctors which affect these
types of data. In order to have satisfactorily completed these
:objectives, the factors which were believed to have large affects
on boaters' eye fixation were selected as research variables. The
- selection and implementation of these factors is discussed in this

chapter.

INDEPﬁNDENT RESEARCH VARIABLES
.In order to determine differences in boaters' fixation patterns,
it was decided to vary their spare capacity using the concept of
"attentional démand." Senders, et al., (1967) referred to the
"attentional demand" placed on an automobile driver as being a
function of 1) the roadway, 2) the tréffic situatioh, and 3) the
velocity of his vehicle. Traﬁslating this concept to boating, the
"attentional demand" placed on a boat operator might be a function
of 1) the waterway characteristics (boating énvironment), 2) traffic
density, and 3) boat velocity. The type of driving task should
pfobably also be addéd to Sender's model; and, thus, one would add
type of navigation task to’thé boating anélogy. 'Thesekvariables
were, thus, considered within the present research as listed in
Table 3.1, and how each was involved in the experimental design will

now be discussed.

33
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Table 3.1

Independent Variables

Independent Variable Levels

Navigation Task Compass
- Visual Reference Point

Center in Channel

Velbcity v Low (29 kmh)
‘ Medium (42 kmh)
High (56 kmh)

Boating Environment Limited‘Access
Open Water
Subjects . 3 Experienced Male

Boat Operators

Navigation Tasks

Three navigation tasks were selected as being representative
boating tasks. First, a compass task was included in order to
replicate the type of task which the subjects were asked to perform
in the VAST studies by MacNeill, et al., (1976af. Second, heading
the boaf to a visual réferenéé point was included since this is onme

of the most common types of boating navigation tasks. The third
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task, centering in a channel, was similar to the automobile driver's

task of keeping his car in the center of a traffic lane.

In addition to being representative, these navigation tasks

also controlled the subject's focus of attention. The compass task

forced subjects to look inside the boat. The visual reference point

task focused attention to a distant point directly in front of the

boat, and the channel task focused attention to the external peripheral

environment.

A brief description of each task now follows:

1.

Compass task: Subjects were instructed to take a 0° or 180°
heading on a spherical marine compass. These heading were
selected because they were the easiest gradient markings'to
read. The compéss task was not a simple task for the subjects
since it was constantly oscillating. Thus, subjects were
forced to continually monitor it in order to perform the task.
External visual reference point task: Subjects were instruc-
ted to head the boat to a targét such as a water tower or
smoke stack which was at least 1.6 km (1 mi) away. These
target objects were selected to be easily visible from a
distance because they were high above the shoreline silhouette.
Centering in channel task:’ Subjects were instructed to
center the boat in freighter channels marked by buoys. At

the narrowest location, these channels were .3 km (.2 mi)

wide.
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These navigatién taské were structured in order t; obtain
meaningful results related to boaters' fixation patterﬁs. For ex-
ample, focusing theée power boaters' attention to several different
areas pro§ided additiéhél information concerning tasks which wefe
not studied. An example of this is the compass task, which focused
the boater's attention inside his boat. This could also be related
fo a’boater preoccupied with something inside his boét, e.g., a
'passenger, equipment, or some other item which would distract him

from his primary task of boating.

Velocity

The above three navigation tasks were performed at three speeds:
29, 42, and 56 kilometers per hour (kmh) (18, 26,'and 35 mph). The
minimum speed (29 kmh) was selected as being just above planing with
the top spged of 56 kmh chosen as the maximum safe and comfortable;
speed in choppy water. The intermediate'speed,'besides allowing
for a determination of quadratic velocity effects, approximates a
normal, comﬁortable speed in this.4.9 to 7.9 meter (16 to 26 foot)
boat category.

At the minimum speed of 29 kmh, the tests could be best described
as boring, the boat was not in an optimal control condition in that
more steering movements were required than at the other speeds. |
Furthermore, this low veloéiﬁy felt "perceptually slow." The boater
‘should have had more spare capacity at this tminimal speed. The medium
ané high speeds were more characteristic of normél boating speeds in

this type of vessel.
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Boating Environment

In order to test possible differences due to type of waterway,
it was decided to runm the test in two different types of boating
en&ironments. The first, designated as "limited access water",
gave the appearance of being on a medium sized lake. This limited
access condition hgd the following characteristics: a) land was
close to the boat, b) it was easy for the driver to determine the
location of other vessels in tﬁe immediate area, and c) vessels
could only eﬁter this area from a few "limited" locatioms.

The second boating environment was labeled "open water' and
gave the appearénce of being on a iarge iake. This large lake
environmen; had the following characteristics: a) land was. usually
-far aWay from the boat on at least two sides of the veséel, b) it
was more difficult to determine the number of boats in the immediate
area, and c) boats could approach or enter the area from a multitude

of directions.

Subjects

Prior to selecting subjects, the University of Michigan Medical
School Human Use Committee was contacted for approval of the planned
research, and this approval was granted.

Subjects were solicited through an advertisement placed in a
newspaper which was distributed in the area where the research was

to be conducted. Over 40 boaters responded to the advertisement.
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However, a.preliminary statisticallanalysis indicated that the minimum
number of‘subjects to be used for this research should be three.
(This analysis is discussed in cohjunction with the experimental
design.) The threé subjects selected met the following criteria:
1. They were experienced boaters who had operated power boats
for over five years.
2. They averaged‘over five hours éf boat driving per week during
the boating season.
3. They had operated a starboard helm, inboard;outboard drive
boat similar to the experimental boat.
4. They were famiiiar with thé test site area.
5; They had normal physical, visual and teeth gharacteriétics.
‘The subjects chosen turﬂéd out to be 20-30 years 0ld and had the speci-

fic characteristics as listed in Appendix A.

EXPERIMENTAL DESIGN

. Prior to developing aniéxperimental design for this research,'
the ﬁreferred number of subjects was determined. An EMS (expecﬁed
.mean squares) table was developed and is contained in Table 3;2.
This EMS table determinéd the tests of significance which would be
used in the data analysis. From Table 3.2, it can be seen that the
task main effects were tested against the subject—task‘interaction.
In ordef for the task effects to be significant,‘the follo&ing com—

parison must hold:
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3.2

endent Variables1

Degrees v
Source of EMS (Expected mean squares)
Freedom
2 2 o 2
Vi 2 6n0V + 60S + 60VS -+ oe
S, n-1 1802 + o 2
j 5 e
2 2 2
Ek 1 9n0E + 9OSE + 0,
2 2 2
TK 2 6n0T + 6OST +0
' _ 2 2
VSij 2n-2 6OVS + o,
2 2 2 2
i 2. 3ncrVE + 3GSE + BOVSE + oe
2 2 2 2
VT 1 4 2chT + ZOST + ZO'VST +0
_ C 2 2
SEjk n-1 ‘9OSE + 0
_ 2 2
ST L 2n~2 6O’ST + O
ET 2 2 2
kL 2 3n0p," + BOSET + 0,
2 2
VSE:.ij 2n-2 30VSE + Oe
VST 2 2
ijL 4n-4 IZGVST +0, |
2 2 2 2
VET e | 4 Oypr * 9%pr T Oyser T e
SET, - 2 2
jki 2n-2 3OSET + O
VSET, . _ 2 2
ijkl| 4n—-4 Oyspr T e
{~ 2
em(ijkl’_) 9
where: v, = Velocity, i = 1-3 TK = Navigation Task, £ = 1-3
= SubJect,_J = 1-n em(ijkﬂ) - Error, m = 1
Ek = Boating Environment, k = 1, 2

1See Hicks (1973) for EMS Table discussion.
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6no,,” + 60, + 0

‘where n = number of subjects
T = task
ST = . subject-task

By assuming that Ogrp

is zero, this equation can be re&uced to: -

| F3,20-071 Ve
o D |—— oe
6n
Table 3.3 contains the resultant ineqﬁalities for various n (number
of subjeéts). Aﬁtomotive eye fixation iesearchers have reporfed
standard efrors (Ge) for horizontal. location of from 2° to 4°
(McDowell, 1975). Using this standard error estimate, the greatest
"gain' is obtained in‘going from two to three subjects. Having
three subjects appears to be economically beneficial because the
gains are smaller in increasing the ﬁumber'beyond three. -
Thé experimental design used for data analysis is coﬂtained
in Table 3.4 and the mathematical model for this design is of’the'

form:
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Table 3.3

Analysis to Determine Number of Subjects

Number of | For a significant task effect (o < .05),| If 0o = 4°
Subjects the following relationship must hold: (McDowel1,1975)
1 —_—
2 o, >1.2 > 4,8°
’ T cye. (LT
> .56 > 2,2°
3 CT ore Or 2
4 6. > .400 > 1.6°
T e Op
5 o, > ..320 > 1.2°
- Op 320 g, > 1.2
6 o, > .270 g. > 1.1°
. e T
Table 3.4
Experimental Design
Limited Access Water Open Water
Visual Center Visual Center
Compass Reference in Compass Reference in
Point Channel Point Channel
s
‘ Low | S#2
o
.E, S#3
5
“ Si1
e}
[=1
S | Yed. | s#2
>
b s#3
-
2 si
High | s#2
Lﬁ__,_ §I}3
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S LAV E S HE T RS VE, VD, SEjk.+ ST,

Yijkim 3 BT By T Pk
T+ ETkl + VSEijk f VSTijl +.V§Iik1 + ?ETjkl‘+vV$ETijkl
+em(ijk1; .
" where: -Yijklm = Eyg fixgtion para@eters (e.g., durations)
u é Mean
v, = ve;ocity, 1=1-3
s, = Subject, j = 1-3
E, = Boating environment,'k =1,2
Tl = Navigaﬁion task, 1 = 1-3 '
= Error, m = 1

€m(ijkl)

Observations within this design were randomized with respect to
velocityvaﬁd'seqﬁenqed through boating environment and navigation
task. Use of this factoriél design allowed the determinatién of both
tﬁe main effects and the interactions. The testing order is dis-

cussed in the Test Procedures section.

UNCONTROLLED MEASURED VARIABLES

In order to insure satisfactory completion of each test run, the

data were .not collected unless the following conditions were met:

jl
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1. Wave. conditions were at a light chop (i.e., not more than
1-2 ft. waves).

2. Weather conditions were such that a storm would not occur
prior to completion of all test segments.

3. Boating tréffic was light during data collection, such that
not more than one hoat was within -2 km (250 yds) of the
test vessel.

To insure that the data selected for reduction had light boating
traffic, one of the experimenters recorded the moving and anchored
boats within thé area. For each test segment, this experimenter
recorded those boats within .4 km (.25 mi) and i 100° around the
subjects' forward vision. The specific categories for which thié
experimenter recorded observations are listed in Table 3.5.

Other environmental variables, although not controlled during
the testing, were récorded at the initiation of each run. These

measured environmental variables are listed in Tabie 3.6.

TEST LOCATION

The test site used for collecting the data was located approxi-
mately one hour away from Ann Arbor, Michigan. The specific geograph-
ical area of the test run was among the islands and lake-like bays
of the lower Detroit River as it opens into-Lake Erie (see Figure
3.1). This area was ideal for conducting such studies since
- islands, bays, coastal waters, rivers, and large water type condi-

tions are easily accessible and in close'ptoximity without trailering.
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‘Table 3¢5 ‘

Traffic Density Measurements

The

following categories of boat traffic were recorded for each

test segment:

.Overall Traffic Den51ty On
Port*
Starboard*

Moving Boats which Ovartook TeSt Boat On
Port
Starboard

Test Boat Overtook Other Boats
Moving on Port -~
Moving on Starboard
Anchored on Port
Anchored on Starboard

Head-On Approaches to Other Boats Which Were
Port
Starboard

Other Boats Crossed Test Boat's Path
FrOm'Porp
From Starboard ,

% Port = left, Starboard = right.

Table 3.6
Envitonmental Conditions Recorded for Each Test Run

s

following items were recorded from the Detroit Weather Report:

The

1. - Sky (e.g., cloudy, partly sunny)

2. Temperature

3.  Humidity

4. Wind Speed

5. Wind Direction

6. Barometer Reading
The following items were recorded by direct observation by one of
the experimenters:

O~ LW
. . .

Percent Cloud Cover :
Weather Conditions (e.g., cloudless, overcast, rain, etc )
Water Conditions (e.g., calm, choppy, etc.) :
Wave Height _

Visibility (in miles)

Visibility (i.e., good, fair and poor)

Wind Condition (e.g., none, moderate, etc )

Wind Dlrectlon

.
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Test site location

Figure 3.1
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An overall view of the tesf route selected is i1llustrated in
Figure 3.2. fhe limited access watéf conditions, which are in the
lower half of this figure, are further magnified in Figufe 3.3;

» Whilg the opgn water conditions are in the upper haif.of figﬁre 3.2.
and magnified in Figufé 3.4. This test route proved to be a v;ry
interesting and non-monotonous course which satisfied the following:

1. During the cdmpass task, it permitted a compass heading

which preventéd‘the bo;ter from using an external refer-
ence point instéad of using the compass.b'(It would_not
been easier_for‘the boatér to head the boat toward a tall
tree orvother distinguishable environmental factors than to
follo& a compass heading.)

2. Conditions wére varied enough such that suﬁjects could not

memorize the traffic in the locality.

3. 1In the open water condition, the land was far éngugh away

such that the boater appeared to be on a large inland lake.-

4. The route was compact enough to minimize the test time.

5. At least one minﬁte of data could be collected after‘the'

subject was performing the specific naviagtion task at
the desired test speed. |

In choosing the limited access water cohdiéion sﬁown in
Figure 3.3, laﬁd was always wiﬁhin -2 kilometers. This appeared to
‘the subject as a medium sized lake énvironment'whgre the boater
was cruising and‘the shbreline was fairly close to his vessel. .In

the open water environment (Figure 3.4) land was always at least
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.6 kilometers away from the test"boaﬁ. This gave to ;he boater the
.appearance of being on a large lake since a great expanse of water
was either in front of‘or behind the test vessel.

. As mentioned earlier,'éubjects sequepced through the Seve?al
Navigation Tasks and Boating Environments within the experiméntal
design cells. Thié was mnecessary to conservé time. As an example
from Figure 3.4, it would not be possible to finiéh the channel task
and ﬁroceed to the reference point task withéut wasting precious
minutes of nonfruitful data céllection. - To offset this sequencing
"effect, subjecfs started at different locations as illustrated iﬁ'
Figure 3.2.

Due to tbe length of the’test segments, it was only possible to
perform at most two velocity levels during each of these segments. This
required subjects to maneuver throughtthe test course twice; vIn
order to éssign the seqqentiél order to the segmeﬁts to be performed,
it was, first, decided randomly whether one or two velocity levels
would be performed for each subject and each navigétion task on the
first run through the test céurse. Second, corresponding velocity
levels were then randomly assigned. As an example, Subject #1,
who started in the'limitéd access compass task, performed at the low
velocity. He fhen progressed to the limited acéess, visual reference
point‘task and performed this é; the low then the medium velbéity
levels. The ordering for all test sequences is contained in

Appendix A.
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Traffic densities were very light during the Week‘on this test
course. The channels marked in Figure 3.2 are freighter channels and
occasionally a freighter was encountered at a safe distance during

testing. Specific details of the test phases will now be discussed.

TEST PROCEDURES

}Pre—Test Subject Preparation Phase

During the subject's first visit to the base facilities, he was
familiarized with the test vessel and controls; he viewed a video tape
explaining thé type of‘data recorded for.thevstudy;.and he signed a
consent form before proceeding with other activities. A complete list
of all data collection activities for all phases is contained in
Table 3.7.

In previewing the test boat, the subject was permitted to enter
the boat and sit in the driver's seat and was shown the varioﬁsvinstru-
ment panel displays and controls. This included a demonstration of the
single level throttle-gear shift selector and the function of the
switches on the instfument panel. Any questions that the subject may
have posed were answere&; however, all subjects seemed to be generally
familiar with the types of controls and layout of the cockpit.

After this introduction to the boat, the subjeét was taken into
the base facility to preview a viﬁeo tape whi;h showed what the
eye movement system helﬁet_looked iike on a subject aﬁd the type of
data which were to be collected. Further details of the study were

then explained to the subject and he was asked if he was still willing



~ Table 3.7 . ..

Data Collection Test Day Events. . .

Day ' _‘- o . ‘ Events

1- The following activities were performed:

1. 1Initial viewing of test boat

2. Explanation of study and 51gn1ng of Implled
Consent Form

3. Vlsual measurements taken with Ortho-Rater
4. Anthropometric Measurements taken
5. Dental Bite Bar molded
6. Foam Headliner constructed
7. 1Initial piloting of boat by subject
2 1. Fitting of vAM Helmet
’ 2. ‘Piloting of boat by subject with helmet

3. . Calibration of VAM System

3 . 1.  Calibration of VAM System
2 Pllotlng of boat by subJect with helmet
K . 1. Data collected for Coast Guard Study
5 ' 1. Data cdllected for Dissertation.

?Q participate in the test sessions.' Moré specific details of the
study such as the number of hours and the pay wefe expléined; énd

tﬁen, he was asked to voluntarily sign the subject'cqnsént form

» contalned in Appendlx A |

A v1sion test was’ given using a Bausch and Lomb Ottho-Rater.

This measured characterlstics such,as subject‘s acuity, color vision,
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~ aphoria and depth perception. Using a yardstick and tape measure,
anfhropometric dimensions were then taken, and these included mea-
surements relevant to the boat's seating arrangement. Subjects'
vision_and anthropometric measurements are contained in Appendix A,

The VispaI_Activity Monitoring system required a very secure
fit on each subject's ﬁead,in order to maintain the stability. Thus,
a foam innerliner and a dental bhite bar were customly fabricated for
each sﬁbject. The dental bite bar was made Sy~warming'a metal form
g which ﬁas covered with dental impression wax (Kerr impression compouhd,
‘tfpe,l, red). . This was inserted into the subject's mouth such that
it came in contact with his upper and lower teeth. Tﬁe subject bit
into,this impression material and ﬁaintained pressure for approximately
. ’one‘minutg until it had hardened. | |

The head foam innerliner required a carefully executed procedure.
Basically, it is made from pressurized foém ingredients injected into
;é mold which was placed on the subject's head and hardened in approxi-
mately three minutes. Precautions were taken to reduce any discomfort
that the subject might feel during this foamiﬁg procedure and no
subjects complained of being uncomfortable. | |

After completing the bite~bar and helmet liner fabrication, the
experimenters took the subject for his first familiarization run in
the test vessei; ‘The objectives -of this run were to acquainﬁ the
subject with the operating handling charactefistics"of the vessel
aﬁd thé visﬁal landmarks in the specific teéf area. One of the ex-.

b

perimenters explained the functiqns of the cockpit controls to the
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subject, went through the engihe>étarting checklist, started the
boat, and manéﬁvered it away from the dack area. Once the test
vessel was maneuvere& away from a residential area and also other
boat traffic, the subject was permitted to take over the»épexation
of the boat. |

| In this.familiarization run, subjects were.given maneuvering
instructiohs as to thé turns t6 make with the boat, changes in speed
using the tachometer and any specific éompass headings they were to
maintain. ‘As these'maneuvers were performed, two of the experimenters
subjectively evaluated the boater's skill on a-écale of 1 to.ib, by
making judgments ahout ce;tain boating situations and his handling of
the vessel. A number 5 would repfesent an average boater, a number
10 would be the most skilled, pfofessioﬂal type boater. All subjects
in this study performéd at the 5 to 7 range as judged by the experi-
menters. Thus, oﬁe could classify the subjects as being average to
slightly above average in boating skill. -ThiS'familiarizatibn run
took approximately 45 minutes, after which the subject could ask any
further questions. A time was then arranged for him to return for

his second test session.

- Familiarization Phase

As noted in Table 3.7, upon arrival for his second session, the
subject was briefly fitted with the entire VAM system and a corneal
reflection eye spot was obtained. This was done in the test station

and not on the boat. Upon its completion, the subject was taken
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to the boat after removing the helmet. In the_boat, the helmet was
again placed on the subject's head and stabilized with the bite bar
system. Siﬁce ﬁhe object of this second test session was for the
subject to become familiar with dfiVing the boat while wearing the
VAM system, fﬁe éorneal reflection was not obtained and no data were
recdrded.

;After one of the experimenters backed the boat out of the dock
area,'the subject ﬁas permitted to take over_the controls for thev
.balanceAOf ;he run.b He then proceeded through the test site area
- but not through the specific test coursé.- The run took approximately
one hour_and by the end of the run, all subjects seemed‘to be per-
forming nérmally and were familiar with the landmarks qf the test
site area."Upon compietion of this run, each subject was then re-
séﬁeduled.fof a third test session;

The original schedule called for data.to be colleéted during

‘ : /
the third test session. Unfortunately, electrical problems with
the VAM system arosé'during this session. Thus, subjects wére
given an extra day for additional familiarizagién with the boat and

VAM éystem.

" Coast Guard Data Collection Phase

A fourth day test session was scheduled which took approximately
six hpdrs.‘ During this time, daté were collected to fulfill a
Coast Guard contract. _This contract studied the effect of traffic

density, velocity and fatigue on boater's eye movement patterns and
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details of 1t are available ffom~é report by Miller, Gatchell

and Dykstra (1977). ining this tesf session, the sﬁbject ar6Ve,
the test veésel through a prescribed.éourse very similar to that
which he had driven through on his familiarization days. Each sub-
ject went through the test course thfee.different'times With an
approximate one hour rest period between each rﬁn. Cprneal reflec-
tion eye movement data were collected oﬁ the first qnd third runs
while only head movement data were callected on the second run.
'Head/movemént data were obfained from a third vidicon tube mouﬁggd
above the instrument panel in such a location that a faciallview of
the subject could be obtained (see Dykstra, 1977). After completién

of this test session, the subjedt was scheduled to returnAfor his

fifth ;est session which is described below.

Experimental Data Collection Phase

Upon arrival for his fifth test session, thé subjectvenfered
the boat and‘adjustéd the driver's seat to a comfortable location.
. The VAM helmet was then placed on the subject's head,'stabilizedvand
the corneal reflectioﬁ was loéated. Once the experimenters were sat-
. isfied that thé'equipment was functioning, it was removed from the
subject's head and he drove thevboat to a calm area near the‘beginning
of the test run. Again, the'equipment was placed on the sﬁbjéét‘s
head. Calibration was then accomplished using a pqrtable'gfid |
system whicp was positioned in tﬁe rear of ‘the boat and by having

the subject fixate on distant reference points, on bow markers
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located at the front of the bdat, and on specific instruments in

the instrument panel. Once calibration was completed, the subject .
pfoceeded‘to the test course illustrated ip,Figure 3.2. As previous~
ly stated,~eéch boater started at a different point in the course

and went through the total route twice (see Appendix A for test
sequencé). Checks on calibration were repeatedly made during the
teéf séssion when data were not being collected.A'The total run
lasted approximggely one hour, which.seémed to be the approximate
tiﬁe:until the helmet system began being uncomfortable.

.Chapters II and III presented evidénce to satisfy 6bjective #1
(devélopmenf of a research methodology and establishment of the
feasibility of collecting boaters' eye fixation data). The foliowing.
chapter will now analyze the effect of several chosen factors on

boaters' eye fixations (Objective #2).



CHAPTER IV

RESULTS

This chapter addresses Objecfivé #2 of this study~and is divided
into two major sections. The first section discusseé the data reduc-
tion tééhniques which were employed prior to amnalyses in order to
manipulate the raw data. The second section contains the empirical

analyses performed on these data.

DATA REDUCTION

To insure homogeﬁeity of the data sets selected for reducﬁion,
cfiteria were established to aid in the selection process (see Table
4,1),, After determining the'sequences to bg reduced,_tﬁe spatial
and tempqral parameters of the eye fixations withiﬁ each sequence
were determined. | N

A frame by ffame analysis was performed to determine these parameters
of the data. To facilitate this'type‘of mgnual reductiéﬂ, a slow motion,
stop action video tape fecérder was utiliéed aiong with a television
monitor. Superiﬁposed on the TV monitor was a clear acetate grid
vertically and horizontally divided into 2° interv#ls with a resultant
range of 20° in both axes. This grid was utilized to determine the
distance in degrees a given eye spot was from a particular reference
point. The two lines which determined the.(O, 0) feference point were

‘the horizon and a vertical boat marker, (see Figﬁre 4.1).

58
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Table 4.1

Criteria for Data Selected for Reduction

The data selected for reduction also had to satisfy a set of

‘{criteria as foliows:

1.

The operator had to be performing the selected navigation
task at ‘the coxrect velocity and had to be heading the
boat in a straight 1ine.A (The auditory portion of the
video tape was ﬁéeful, since the experimenter could be
heard giving tﬁe subject navigation commands and any

velocity changes could be detected.)

" Low traffic density conditions of no more than one moving

boat within 275 meters had to exist.
A complete segment consisting of 64 distinct in-view

fixations had to be avaiiable. This number was arrived

at by determining the maximum number of fixations which

cquid be reduced from all segments of data. This resulted
in segments being, on the average, 40 seconds long. (Co-
incidentally, this 40 second data segment length was used

by Steinman (1976). He also stated that Ditchburn and

‘ Foley-Fisher had proposéd this length (40 seconds) be

adopted as an international standard for eye movement

research.
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If the bow rail marker was not visible in the TV picture (e.g., if
the subject tufned his head to the side) then one of tﬁe 5oat pillars
was used as-a reference line. Ultimately, éll spatial coordinates
were re—refereﬁced to the horizon and the vertical Bow marker located
difectly in front.of the driver.

After determining fhe spatial and temporal fixation parameters
within a patticular séqﬂence, the data reducer again viewed the
sequence. During this %econd viewing, othér task related information
‘was categorized. All vgriables determined by the data reducer are
-listed in Table 4.2'and{detailed exp%aﬁations are contained in
Appendix.B.. ‘ E

Upoﬂ initial viewihg of the data tapes, a problem was encounter-

ed relating to the definition of a fixation, as will now be discussed.

Fixation Definition

A problem arises in defining a neﬁ fixation when the distance
between fixationé is small, on the order of a few degrees. While
very criticé1 to eye_movement research, there‘has been no agreed
upon method for defining a new fixation. Moreover, researchers are .
usually vague about specifying the criteria they used for defining
these fixations. Rutley and Mace (1968) counted the ﬁumber'of eye
movements subjects made which exceeded 5°. Théir criterion number

is'extrémely large since Rockwell (1971) stated that most eye fixa-

tions in automobile'driving were less than 6° in travel distance.
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Table 4.2

Dependent Measures Recorded by Data Reducer

The following dependent measures were determined for each
data sequence:

Immediate Boating Sltuation (e.g., another boat is approaching
port)

Maneuver  (e.g., subject is moving the vessel straight through
light choppy water) :

Traffic Density, Moving (number of moving boats within 1/2 mi)

Traffic Den31ty, Anchored (number of anchored boats within
1/2 mi)

Reference Location (the reference for the eye spot coordinates)
‘Beginning Digitizer Number (where there is no eye spot movement)
Ending Digitizer Number (where there is no eye spot movement)

Horizontal Coordinates of Eye Spot (with respect to the
reference point) '

Vertical Coordinates of Eye Spot (w1th respect to the
reference point)

Calibration Error, both Horizontally and Vertically

Fixation Target (e.g., subject is fixating on a moving boat)

lsee Appendix B for detailed categories of dependent measures
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.Lambert, et al., (1974) discussed a computer system of data reduc-
tion which inco;porated a cqmplex set of criteria for determining
a new fixation.

The'determiﬁation of these new fixation durations étrongly de—'
pend on the instructions given to the data reducer. Difficulties
arise because of drifts and involuntary microsaccades which can
accompany fixations. The lénger the fixation duration, the higher
the chance of obsérving these drifts or involuntary saccades (Yarbus,
1967). 'YarEUS illustrated that drifts and involuntary saccades were
as large as 1/2° and the durations were usually from 300-800 msec.
Many types of eye movement récording systems (e.g., suction cap de-
vices and Purkinje image methods) are capable of determining these
drifts and involuntary saccades. The corneal reflection eye mOQement
systeﬁs are usually poor at determining these micro eye movements.

" Within this current study a precise criteria definition of a new
fixation was determined.by the data reducer who used the criteria
in Table 4.3. These and all the dependent measures as listed in
Table 4.2, were entered into the computer.A The following section dis—

cusses the various transformations made on the raw data.

Fixation Location Determination

The computer programs used to transform the data were taken from
the Michigan Interactive Data Analysis System (MIDAS) as developed
by Fox and Guire (1973). Basically, these MIDAS programs were neces-

sary to re-reference the fixation data, test for normality, determine '



64

Table 4.3

Criteria for Defining a Fixation

.The following criterié were used ﬁo defineva new fixationj
lf Spatial travel distance was greater than 1°. (This
eliminated driffs aﬁd involuntary saccades which .
, occﬁfred‘and ﬁerefleés thén‘l°,) » f. .
2. The beginning of‘a fixatioh was:tﬁe fiist'frame.when
ﬁhe eye spot was.stationary after making a transition;
3. Fixations had to be longer tﬁan,threg frémesf(Sd‘msec).
(AlthoughILambért,,et al., (1974) used a.100 msec
du;atibn-criteria;‘othe;S(Gould, 1976 and Carpenter
 and Just, 1976)‘héve noted durations as short as
50 méec.) | | |
4. Thereﬁd,of a,fixatibn.waSithe last ffa@e whére‘the é&e
spot‘ﬁas sta§ionary and.not'Blurred as in making,a'

saccade to a new fixation.

statistical paramefers suéh.as ﬁeans and sfandérd‘deviafions?‘and
developvpredictién equations. These speéific ménipulationé on the
taw,data will now bé:diécuséedg j

| ufhe.dafa reducer_detérminéd.the~calibratibq error (ize.,Ain
vézimuth and elevation degréés) for a particularisedueﬁéé by‘viéwihg

the calibration check justfprior‘tO'and just after that ﬁarticular ,
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sequence.‘ This error‘was ndted for each fixation and'incorpdfated
into'the computer program which determined the re-referenced rela-
tive spatial coordinates of each fixation.
| These comquer‘progfams,'besides takihg'into account the calibra-
tion error, also édqutéd'the eye spot coordinates with'respect,to
the'qriginal reference.point.v If the eye spot was initially refer-
~enced to a)loéation‘not stfaight ahead, then its codrdinatés ﬁere
re—adjusted. This was éccomplished by determining the angle from
o ‘ - .

straight ahead for_each auxiliary reference point on the boat and
eaéﬁ ﬁafticular Subjéct. vIt was ﬁecessary to make this determination
for‘each subject since their different staﬁufes‘and seating positions

significantly affected the angular location to these references as

viewgd'from their eye locationm.

Fixations‘Eliminated from Data Sets

"Initial<apalyses of the reSulting data indicated.strong biases
due to the navigation tasks. Cléarly,.the navigation tasks were
seleétéd tolforce.changés,in the boétér's focus of attentign-és mea-
sured'b; his.spatiai coordinétes.. As a resuit, the spatial coordinates
and ‘the duration measures exhibited trends that could be explained by
thé-strqng biases due to the navigation tasks. |
The‘stroﬁgest of these biases was éxhibited'during the compass

task. - The compass was mounted at -40° azimuth, -10°% elevation. Thus,

fixations_tpAthis instrument'strongly affected the means and standard
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deviations of'the resultant data sets. figure 4.2 illustrates the
bimodal distribution which results for horizontal fixation locations
during tﬁe compass task. ﬁemoving those fixations which wéré on the
compass resulted in only 2% of the fixations being located at -40°
rather than the 16% as illustrated in Figure 4.2, |

Fixation durationé wefe also strongly biaséd-due to the coﬁpass
fixations. Average overall fixation durations ranged from 260-530 msec,
while the specific éompass durations averaged 1150 msec.

The initial analysis of the results using all fixations in the
data sets did result in ﬁany significant effects. However, it was
difficult to distinguish between those effects primarily»cagsed by
the biases as mentioned above, and those that were truly related to
the boateré' "normal" fixation patterns. Since one of the objectives
of this research was to determine boaters' normal~visual patterns,
the navigation task fi#ations were removed from the data sets. Thus,
fixations to the compass were removed from the compaéé data sets,
fixations to the water tower or smoke stacks wéré removed ffom the
visual reference point.data sets, andvfixations to the channel markers
or buoys were removed from the céntering in chaﬁnei data sets. Al-
thdﬁgh the fixations to the compass had the greatESt biasiné effect
on their respective data sets, fixations to the visual reference
points or channel markers had a noticeable effect on their data sets.
Thus, all fixations specific to a given navigatidn task were removed

from the data sets ultimately analyzed.
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Another item of concern when analyzing the boaters‘kspétial
,patterné had to do with traffic density. As previously mentioned,
the data sets analyzed contained only tﬁe‘low traffic density situa-
tion, (not more than one boat heing~pfesent aﬁ any-particular moment),
However, this still resulted in an inconsistency throughout the data
sets. As an example,‘a boat could have been approaching ffom the
right, from the left, or there could have been no traffic at all
~ within the different data sets. Furthermore, the speed with which
another boat approached probably had an effect on the number of fixa-
tions. the éperator made on it. Thus, it was dééided to further reméve
from the data sets fixations to all other boats (either moving or
anchored);' Although this did not seem to greatly affeét the resultant
dependent measures, it did delete some outlying spatial,fixétipns in
a few of the data sets. \

After removing fixations specific to navigatipn'tasks and other
boats, the resultantvdéta seté encompassed what this autﬁér bglieves
to bé "normal" boaters' fixation patterns in noﬁ-vehicular avoidance

. situations (i.e., monitoring for obstacles in his path) .

ANALYSIS OF RESULTS

A list‘of all the dependentimeasures which are discussed in the
following sections is contained in Table 4.4. fhe fbllowing analysis
explores those dependent measures whichv#re of impartancé when discuss-
ing eye fixation patterns. Of particular interest are the spatial

- and duration characteristics of the fixations.
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Table 4.4

Dependent Eye Fixation Variables Analyzed

Spatial Scanning Patterns
Horizontal and Vertical Fixation Locations
Eye Spot Travel Distances
Temporal Scanning Characteristics
Fixation Durations
Visual Zone Fixation Pércentages (See Appendix D)

Fixation Targets

Prediction of Horizontal and Vertical Fixation Locatiqns
, and Fixation Durations (See Appendix E)

The following analyses of the data utilized a full factorial,
statistical model with subjects as random effects, and with all the
non-significant mean squares pooled to determine'significant effects.
(The'equatisn for this model was presented on p. 42g)

ANOVA'S were computed from the resultant data sets using the
Biomechanical Computer Program for analysis of variance BMD8V

(Dixon, 1974). These analyses will now be discussed.

Spatial Patterns - Horizontal and Vertical Fixation Locations

The horizontal and vertical fixation location results illustrated
in this section are portrayed with mean + 1 standard deviation ellipses.

These ellipses assume a bivariate normal distribution and because there



- 70

was no correlation bgtween the.horizontal‘and_vertical components,
‘their sldpe is zero. These types~o£ gllipses are a cénvenient method
for disﬁlayihg»a lafge amount of infbrmatidn conéerning‘fixatipn
locationg; howéVer, they héve'been uéed only once befpfe-in the eye.
movement literature (Bhise'and Rockwell, 1971).‘

Statistical analysis_of‘thevvertical fixatioﬁ 10catign components
reveale& no significant effects due to any of the independent research
parameters. Thus, furthér'discussioﬁs in this section include only
those effects related to the aﬁalysis of the hofizontalwcémponent of
eye fixations. kAlthough the elliﬁSes illustrate both_c§mponeﬁts,)

As illustfated bj the centering in channel tasks in'Figurg 4.3,
the horizontal fixétion location parameters wére nprma11y~distributed.
Apalysis indicated that for fhese distributions-the'skéwness was about
~.3 and the kuftosis was-aboﬁt 3.2 as determined by methods described
by Hahn and Shapiro, (1967). |

Berfofmance of the ANdVA routines on the vé;ious daﬁa sets requir-
ed that meahs  and standard deviatioqs be‘calculated (Appéndix C).

A summary ofithe significant effeéts from the resultant ANOVA's of
horizontal location are contained in Table 4.5,~ These results will

~now be discussed.

-

Navigation Task Effects
As illusfrated in Figure 4.4, the significapt effects which are
in the "Task" column of Table 4.5 occuf;because'EOaters scanned a great-

er area foveally while perfdrming'the visual reference point task,
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Table 4.5

Significant Results from the Analysis of
Variance for Horizontal Location
of Eye Fixationsl

Independent Variables
Dependent
Vari :
ariable v g - - SE ET sEr

Horizontal

Location:

Mean | %* § *% *kk * * *
Standard

Deviation EX T T T T *

pata sets contain only those fixations not on a particular
‘navigation target or other boats.

- where: V = Velocity : * =0 < .05
.S = Subject - _ k% =g < .01

" E = Boating Environment kkk = ¢ < ,005

T = Navigation Task ~ kkkk = g < 001

than while they‘ﬁere performing either the compass or channel tasks.
Fur£hermoré, during this visual reference point task, their‘mganvhori—
zontal location was almost straight ahe#d while in the other'Ewo tasks
it was 3° from straight ahead. (The compass task mean horizontal loca-
tion was -3°, while the céntering in channel task mean locations was
-+ 3°). Figure 4.4 also illustrates that during‘the channel tésk,
boaters scanned élmost the same area to the fight of straight ahead as
during the visual reference fask and scanned less.area to the left.
During‘fhe compass tésk they scanned a similar area fo thé‘;eft as

during the visual reference task but less area to the right.
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' Boating Environment Effects
Table 4.5 also shows that changes in eye movement patterns were
significant due to the boating environment of the test. ln an unex-
pected result, the boaters scanned a 1arger area in thellimited
access environment than in the open water (see Figure 4 5) In the
open water environment, boaters scanned almost the same area to the

left of straight‘ahead; however, they scanned 10° less-to the right

" of straight ahead.-

Subject Effects

-_The subject column‘(S):of Table 4.5 indicates significant dif-
ferences for the standard deviation of horizontal location, This
»result is illustrated indFigure 4.6. Subject #2 had a smaller scan-
'ning area (standard deviation was 10° less than.either Subjects #1
or #3). Throughout much of the analyses, Subject #2 had numerous

) differences from Subjects #l and #3

SubjECt-Boating Environment Effects

This subject effect was’ further magnified by the subjectvboating
- environment interaction in column "SE" of Table 4.5, This is nicely
v illustrated in Figure 4-7' In the limited~acce83'water condition,

- the scan - patterns for Subjects #1 and #3 were similar.while Subject
j

(

#2 scanned a smaller area. During the open water condition, Subject

#2's pattern'was similar to that of Subjects #l‘and;#S to the right
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Figure 4.7: Subject-boating environment effects on spatial coordinates
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of str#ight ahead; however, his pattern to the 1éff of straight ahead,
was considerably smaller. The mean horizontal iocations were similar
for all tﬁree subjects'in the limited gcCess.water con&ition; while in
the open water condition, Subjects #1 and #3 shiftedAtheir meﬁn loca-
fion to the left;of straight ahead and Subjeét #2's mean location re-

" mained approximately the same.

Components of Variance for»Horizontal Locafion

Summaries of'the resultant data aé.in Figure 4.8 used the compo-
nents of variance deterﬁined,from,the'ANOVATresults,' Althougﬁ;nq
"subject" main effects were significant for the mean_hofizontalﬁloca—
tion, it accounted for almost half the variance of.the étandard de-
viation of horizontal loéation. Thé main effects due to "task"
~va_riabies (i.e., velociﬁy,.boating énvironment and navigétioﬂ task
independent variables) were’fairly‘consistent fof both the mean and
'the standard'deviation‘of the horizontalllocation; howgver, the "sub-
jgct—task" compdnéntsqu vériance.were.high,(élzl for the mean horizontal
location and negligible (5%) for the standardbdeviation. Furthermore,
the error term of the "unexplained" variance was high (35%) for the
mean; whereas it was lower (19%) for thé standar& deviation of horizontal
Yocation.

The differeﬁcés related to the boater's spatial patterné‘were

further explored with an analysisiof the magnitude of the distance

~between fixations as will now be discussed.
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TASK VARIABLES (23 %)

_ SUBJ.ECT - TASK VARIABLES (41%)

> UNEXPLAINED (35%)

\SUBJECT VARIABLES (46%)

»TASK VARIABLES (30%)

7

NN

TOTOTTTTIIT 3 SUBJECT - TASK VARIABLES (5%)
UNEXPLAINED (19%)

~ STANDARD DEVIATION

Figure 4.8: Components of variance for horizontal locations
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Sggtial'Patterns - Eye Spot Travel Distahces' 

Eye spot travel distance isAanother dependent measure ﬁﬁich has
been used'when characterizing operatoré“ spatial scanning patterns.
For examﬁle, this has been reported for automobile operators and was
defined as the distance iﬁ.deg:ees hetween twb consecutive fixation
loc\ations, (Rockwell, 1971). |

In this boating study, extremely large travel dis;ances were
caused by éertain tasks, As an e#ample, during the compass task,
if the boater was fixating étraight-ahead, éay near the‘horizén,
and his next fixation was to the compass, long travel distances
would obviouély occur. Thus, iﬁ was decided to delete travél dis-
tances to and from navigation targets in order to.appr6x1ﬁate.the
"normal"’boaterfsvfixation patterns.

Determining the means for these travel distances and then per-
forming anranalysis of vériange re;hlted in the significant effects
summarized as listed in Table 4.6, vfhe&e results again amplified
éome of the effects which have been previausly reborted for horizontal

location.

Subject Effects

The effect noted in column "“S* of Table 4.6 was caused by
Subject #2. Recall that he had the smallest scanning pattern; he
also,héd‘the shortest mean travel distaﬁces (9.5°} as compared to

Subjects #1 aﬁd #3 (15.5°).
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A Table 4.6

Significant Results from the Analysis of
Variance for Eye Spot Travel Distances!

Independent Variables

Dependent
' 'Variable - A S E | T SE |. ET SET

Mean Eye Spot

Travel Distances hkkdk | Kkk

S

C oy

'Data sets contain only those fixations not on a particular
navigation target or other boats. ‘

-where: V = Velocity * =9 < .05
S = Subject *¥% = < .01
E = Boating Environment *%% = g < .005
T = a < .001

Navigation Task hkkk =

Boating Environment Effects

The boating environment effect (column E) resulted because
the 1iﬁiged access water condition produced larger travel distances
(2.5° gfeater) than infthe open water situation. These results are |
similar tb those found for the standard deviation of the horizontal
loéation; In the limited ac;ess water condition, the boaters scanned
a larger.aréa and in order to do this they would logically make a

larger saccade to a subsequent fixation.
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This concludes the discussion of the parameters specifically re-
lated to the boaters' spatial sqannihg characteristics. The following
sections center arbund the analysis of the temporal eye fixation

parameters.

Temporal Characteristics - Fixation Durations

“As previously sfated,,the névigatioﬁ types of fixations were re-
moved from fhe data set. This is important when discussing the durations
of fixations to the compass, because at times these fixations were ex-
tremely long and tended to have an effecf on their reépective data
sets, Fixations to boats, either moving or anchored, did not seem to
effect the duration data set. However, to be consistent, the‘following
discussioné exclude all those fixations on either_ngvigation fargets
or other boats.

Initial analysis of the resultant duration'measures.revealed
that the data were not normaily distributed (see‘examplé data in
Figure 4.9). Most other eye movement researchers appérently either
have normally distributed fixation durations or have assumed normal.
distributions. These durations in the présent data were arbitrarily
bounded on the bottom end at approximately 50 msec, (see Table 4.3,
p;'64). Also; the vériance (1f one were to assume a normal distribg-
tion) increased wifh»the mean; thus, a lognormal distribution was.a'
better'descriptiqn of the distribution. Both the Chi-Square and -
Kdlmogorov/Smirnév tests indicated that the 16gnofmal distribution

"fit" the duration data (the null hypothesis could not be rejected
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at a = .05). The histogram of the natural logaritnmic transfornation
of the example‘data in Figure 4.9 IS'contained in'Figure 4.16.

After the.log transformations were obtained for all the duration
data, the means were determined. Ihese means Were_then used in the
ANOVA analysis,v (For discussion purposes, theﬁuntransforned means
will be referred to.) Only one significant effeot was determined
which was due to the velocity—navigationrtask interaotion (o <.005).

~:This velocity:task effect on‘fixationlduration is illustrated in
Figure 4.11 (using the mean duration valnes); During the_high speed
compass.andvvisnal referenee noint tasks, the boaters had significantly
shorter mean ourations than at the other two velocity 1evelsr~ However,
when the boaters were centering in the channei, the mean durations

were shorter during the low velocity_than the high velocity tasks.

Fixation Targets

Analyses with Navigation Targets Excluded'

As'previousiy mentioned; the data reduction also determined the
type of objeet that the subject nas'viewing for each fixation. For
tne following analyses, task related fixations to the compass and
other navigation targets were removed. ~Percent of fixation time
per category was then determined. (The list of all categories of
objects is contained in Appendix B. ) As seen in Figure 4 12, boaters
spent the greatest amount of time f1xating on two category types.v
(1) a general scannlng of the water and land and (2) fixations on the

instrument panel. 'Note that Subject #2 consistently exhibited different
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Figure 4.11: TIllustration of fixation durations for velocity—-
: navigation task interaction
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. €9
g "~/ LAND/.WATER

SUBJECT # |

| 58
! : LAND 7 WATER
' SUBJECT# 2

17

INSTRUMENTS
82
LAND 7 WATER
SUBJECT # 3

i

Figure 4.12: Percent fixation time by target type for each subject

1Data sets contain only those fixations not related to the navigation
targets o
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visual behavior patterns than the other two subjects. Figure 4.12
points out in particular his tendency to look at the bow of the boat,
or at;least appear to be doing so. Réasons for this tendency cannot
be detefmined. Similarly, Subject #2 had a tendency to look at the sky.
Tﬁese two categorieé\togethef meant that Subject #2 spent 20% .of his
time fixating on irrelevant targets (i.e., the bow of the boat or the
sky). However,'Subjecté #1 and #3 did not spend any significant amount

of time fixating on these so-called irrelevant targets.

Analysis with Navigation Térgets Included

Most of the previous’analyses have deleted fixatiop targets
'specific to fhe.navigation task (e.g., cbmpass). It wés important
to delete these targets since‘they'greatly affected the data sets.
queier, it is also important to consider the overall effect of these
navigation targets on the boaters' visual behaviqr. Figure 4.13 il-
1qstrates thé percentage of fixation time the boéters spent on gll
the differenf targets including the navigational targets. In this
figure, the "visual reference point" and "center in channel" tasks
are combined. This was done because these two tasks were not statisti-
caliy different with fespect to fi#étion time percentages. The compass
task was-designéd to show how fixation-pétterns would be changed if
the driver was preoccupied with something inside his vessel. 'Eigure
4.13 illustrates this cﬁangeq During the compass task, boaters spent

appfoximately twice as much time (29%) fixating on it than they spent
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COMPASS TASK

62
LAND / WATER

SUBJECT # 1
T
NAVIG.
TARGETS
5|
LAND / WATER -
SUBJECT # 2
30
NAVIG.
TARGETS
50
LAND / WATER
SUBJECT # 3

NAVIG. TARGETS

VISUAL REFERENCE POINT AND
CENTER IN CHANNEL TASK

56
LAND /7 WATER

44
LAND / WATER

NAVIG.
TARGETS

63
LAND / WATER

4 OTHER
4
BOATS
21

NAVIG. TARGETS

Figure 4.13: Percent fixation time by target type for subjects and

navigation tasks 1

! Data sets contain all fixations
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fixating on navigation task specific tafgets for the other
two fasks. This meant that less time wasispent looking;in the
- vicinity of where there might be potential collisién obsﬁacles.

The preceding éectiéns have described and discussed the signif-
icant results obtained from the data collected for this research
éndeavor. Additional -analyses utiliéing visual,éone percentages is
contained in Appendix D. These analyses were not included in the
main body of this dissertation since it was felt that thebresults
were not as meaningful as those already presented.

Prediction equations of horizontal and vertical fixation parameters
were developed in a séparate analysiS‘présented in Appendix E. The
regression equations developed were capable of predicting the eye
fixation parameters (éll except ohe R-Squared was greater than .75).
It was of practical'impoftance to find that quadratic effects were
significant in many instances; and thus, future research should con-
tinue to test many of the variables at a minimuﬁ of three levels.

The following éection compafes the boating data to automotive

eye fixation data.



CHAPTER V

COMPARISON TO AUTOMOTIVE EYE FIXATION RESEARCH

It was suggested in Chapter I that boat operators' visual fixa-
tién patterns might.be similar to‘those of automobile drivers becaﬁse
of a "transfer of tfaining" effect from their own automobile driving
experiences. It was this possibility which generated Objective #3 as
a focus of the present research;

© In méking compérisons of this nature, an initial problem was that
of éduating speeds on land to speeds on the water. Documented evidence
doés'not exist to equate perceived speed in the two environments.
However, this author believes that a 42 kmh water speed can be per-
ceptually equated to an 80 kmh speed on land. These spegds appear té
be about optimal in.that they are: (1) in the me&ium velocity range
for their respective tasks; (2) at a non-stressful perceptual level,
and (3) fast enough'notAto be-boring. A particularly good analogy
couid be drawn between (a) boaters centering their vessel in a’chanﬁel
in a limited access situation and (b) automobileAQrivers on an open
'highway traveling at the previously mentioned speed levels. Both
of these boating and driving environments rely on the operators
staying within certain areas which aré bounded by the edges of the
pathway to the sides of their vessels. The specific comparisons to

be discussed are contained in Table 5.1 and Figure 5.1.

91
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Table 5.1

Comparison of Boat and Automobile Operators' Eye Fixation Data

Boater (Centering.| Automobile
. ' his Vessel in a Driver (Open

Dependent Measure = Channel) Highway)!
Mean Horizontal Location 5° ' 5°
Mean Vertical Location . -2° 2°
Standard Deviation of -

Horizontal Location 22° . 3°
Mean Eye Spot Travel C13° . 2°
Fixation Duration ' 540 méec ' 270 msec

Lputomobile data derived from Mourant, et:al., 1969.

AUTOMOBILE

v(e) &BOA’TIN.G'

Figure ‘5.1: Elliptical illustration of automobile drivers' and
boaters' spatial scanning patterns (mean t 1 standard
deviation ellipses)

'Automobile data derived from Mourant, et al., (1969).
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SPATTAL CHARACTERISTICS

In the centering in channel situation, the boaters' mean fixa-

® vertical; while Mourant, et al.,

tion location was 5° horizontal, -2
(1969) found autbmobile drivers in the open highway situation to have
a mean fixation location of 5° horizonfal, 2° vertical. The mean
horizontal locations\Were remarkébly similar, even though the two
cockpit stations were on different sides of the vehicles. However,
there was a four degree variation in the mean vertical location,
which could bé related to differences invtheir primary task. Auto-
moBiie drivers, concerned with tracking, fixated above the horizon
(293 boaters,Aconcérned'with scanning for non-vehicular collision
dbstacles,-fixated below the horizon (-2°). K

The standard deviation of the horizontal location was 22° in
boating, compared to the 3° for automobile drivers found‘by Mourant,
et al., (1969). McDowell's.(l975) analysis'of automobile drivers"
eye fixation also determined that the horizontal standard deviation
was 2-4°.

Another measure of importance when discussing the scanning pat-
terns of these two types of operators, is their eye spot travel dis-
tancgs.: Mourant reported a mean travel distance of 2° for his auto-
mobile drivers in the‘open driﬁing situation. Boaters during their
cehtering in channel tasks displayed a mean travel distance of 13°.

Thesé differences in travel distances and standard deviations might

be related to the following cognitive processes:
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1. The boaters scanned a 1érger area to obtain collision‘évoid—
ance information; thus,. Iarggr movements between fixations
ﬁere necessary. Automobile drivérs scéﬁned a smaller area
since they'weréiconcerned pfimarily in fracking information,

2. Relevaht information for the automobile drivers_migﬂt'have
been denser than for the boaters and thus required mére
foveally related attention fixations.

The spatial analysis of the boaters' eye fixatioﬁ patterns
indicated that'theirvscanning'areas were mueh greater than was found
for automobileldfiveré. Thus, the subjects in this experiment were
not apparently.seriously affected by a "transfer of traiﬁing" from
automobile driving. If there had been such a "traﬁsfer“; scan pattefns
similar in horizontal staqdard deviations would have been expected.
However, it remains an opén quéstion as to whether some collisions
might be related to a narrow scan pattern, possibly caused by this

"transfer".

TEMPORAL CHARACTERISTICS

Boaters, while centering their vessel in a channel at the medium
Qeiocity, had meaﬁ fixation durations of 540 méeé, as compared to a
270 msec mean duration for automobile drivers (see Téble 5.1). These
differences may~Be attribute& to 1égitimate task specific differences
(suchvas.thevAmount'of visual information to»bé'procegséd) or possibly

to facto¥s in the data recording or reduction techniques. With
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respéct to data recording techniques, the earl£er work by Mourant
WQS'reéorded on 16 mm film which frames approximately four times
slower than the boating data collected on video tape. Since one
of-thebcriteria for determining'é fikaﬁion duration was ''no eye spot
movement" within the included frames,.one suspects that the video
tape, which frameé evéry 16.7 msec, was a better estimatér of the
beginning and ending of the durations than the 16 mm film whiéh
frames every 62.5 msec. This, however, could only explain a part
of the difference. Further confusion arises in a”moré recent study
by.Méﬁbwell (1975) wherein a 500 msec mean fixatiqn duration was found
forfsubjects driving an automobile on straight secfions of a highway
at speeds of 64 and 96 kmh. McDowell also used an Ohio State eye
movement system similar to Mourant's, except that it used TV cameras
rather than 16 mm film fof recordings. One wonders why his fixation
duration means were almost doﬁble those of the earlier work by Mourant.
Another.expianétion for the longer fixation durations and dis-
tances in boating might be related to the amount and type’of visual
information necessary to be processed. As previously mentiqne&, the
informatibn load may have been heavier. and denser in automobile
dfiving éhén.it was in boating. Thus, the automobile drivers may
have used shorter durations and shorter distanceé between fixations in
order to input thisvdenser.informatioh. The boaters' 1ongér fixations
and iafgef jumps between fixations may have indicated that less dense.

information over a iarger area was being processed; and it is likely
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that peripheral vision may have blayed a more important role in
this process.

McDowell, in road tests, (1975) also found an increase in fixa-
tion durations as velocit§'increased. These‘road teéts are analogous
to this boating study's "centering in channel" task where a similar
effect resulted (increase in fixation durations wiFh increééiﬁg'velo—
cities;'Figure 5.2). Unfortunateiy;'McDowell's automobile drivers

'~ were only tested at twd-gpéed levels and thus, any quadratic effects
Qﬁich exiséed could not be determined. >However, even from McDowell's

limited number of velocity levels, it is apparent that his data can

not be equated with boaters who pérformed‘;he.other boating tasks.:

600"
2 550
E
z
o
S 5001
=
[
=
o
F - 4501
X
[T
§ 400 1 ' T ' Y T . T
 LOW  MEDIUM HIGH  MEDIUM " HIGH
(29 KMH) '(42'KMH)' (56KMH) (64 KMH) . (96 KMH)
BOATING VELOCITY AUTOMOTIVE VELOCITY
LEVELS . LEVELS

Figure 5.2: Velocity effects: boétiﬁg center in channel task Xg;
- McDowell (1975) automobile driving ’
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~ During these other two tasks, (the compass orA'visual reference
point), boaters exhibited decreases in the duration parameters as
the velocity increased. Several basic types of visual behavior are
emerging from these abdve boating data.

A first type of basic behavior might have been exhibited during
the centering in:chaﬁngl task and in McDowell's (1975) foad task. He
expléined his increases in mean fixation durétions with increased
velocity as being attributable to drivers making more accurate dis-—
criminationsvof their visual informatipﬁ. For boaters centering their
ves$é1 in extremely deep chaﬁﬁels, thevemphésis on callision avoidance
_mayfhave been reduced since the probability of non-vehicular collision
objeéts was lower. Thus, in this task situation, boaters may have
been primarily concerned wiﬁh tracking or léteral placement; énd at
higher yelocities this lateral placement discrimination may have re-
quired more atcurate information processing of peripheral information,
in particular.

A second basic type of visual behavior may have been exhibited
duringkthe compass and thé visual reference point tasks (Figure 4.11)
where collision ayoidancé was a primary concern. In these particular
task situations, the routes and water depths were variable and the
probability of encountering a non-vehiéular collision object was higher;
and at the higher velocities, boaters made more fixations of shorter
dﬁrations. This may have been a strategy to briefly sample a location
and make a yes/no résponse‘with respect to such things as debris in

the water.
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A third type of behavior_reiates to the observation of instruments
which supply quantitative information. Mourant and Rockwell (1972)
.found that experienced automobile drivers looking at a speedometer had
mean glance durations ofiépproxima;ely 780 mséc; The boaters had two
speedlmonitoring devices, the speedometer and the tachométer; and
these bdating»subjects were instructed to maintéip certain tachometer
settings. The glance duration for the boaters viewing either of these
instruments was 930 msec. Thus, the durations necessary for obtaining
quantitétive infbrﬁation from instruments is consideraﬁly longer than
durations related to qualitative information from the forward visual

field outside of the.cockpit area.

SUMMARY OF COMPARISON CHARACTERISTICS

The comparison of boaters to automobile drivers made in this
Chapterbv to address Thesis bbjective #3 has, in summary, pfovided
the foilowing insights: | |

' Spatiél

While centering in a channel, boaters"' mean horizontal fixation

locations were similar to automobile drivers, although the standard
deviations were considerably greater. Thus, boaters" fixations were
distributed over a larger portion of the forward vision field (see

Figure 5.1).

The mean vertical fixatioh locations indicated that boaters

scanned below the horizon, in contrast to automobile drivers who
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scanned above the horizon (see Figure 5.1). This may have been re-
lated to a difference in their priﬁary tasks; boaters were interested
~in collision avoidance and automobile drivers with tracking and

lateral placement.

‘Temporal

A significant velocity-task interaction was found for the fixation
duration measure (Figure 4.11),. It was suggested that three basic
types of.visual seérch;Behavior might have been displayed.

A first was exhibited during the centering in channel task, where
boété%s were similar to automobilé drivers in that their fixation
durations were longer as velocity increased (Figure 5.2). This may
mean that more accurate discriminations of fhe visual information
related to possibly the lateral tracking task were being made.

| A second behavior was displayed during the compa;s and visual
referenée point tasks, where boaters had shqrter durations at in-
creased velocity. This may indicate that boaters Were.sampling
visual informafion at a faster rate in order to make a series.of
»binary yes/no responses concerning potential collision obstacles.

And finally, a third behavior occurred where quantitative in-
formation was being observedAfrpm the speedometer or tachometer

instruments. Here, fixation durations were longer than for any

fixations occurring for out of cockpit tasks.



CHAPTER VI

SUMMARY AND RECOMMENDATIONS

" The following summariZes the findings from this research and
discusses -these findings,in relationship to recommendations for future

boating research.

' OBJECTIVE #1: COLLECTION OF BOATER EYE FIXATION DATA

The first research objective involved (a) determining the feasi-
bility of collecting boaters' eye fixation data ‘and (b) establishing
a research methodology for this type of data collection.

With respect to the feasibility of collecting.acCurate boater
eye fixation data;‘the eye spot calibration error during testing was,
“at the most,boz'of‘the standard deviation of the‘horizontal fixation
- location; this calibratiOn'errOr nas kn0wn for‘each run and could be
,'corrected before-the raw‘data'wasgsummarized and anaIYZed. |

Chapter IIIidescribed in‘detail the'methodology:utilised.f This
included the seleCtion of the independent variables; the determination
of subject sample sizefstatistical‘criterion, and the discussion of
details concerning test procedures, |

Chapters IT and IIT presented evidence of the development of a
methodoloéy to collect boaterteye fixation'data and, thus; satisfy
‘Objective #1. Sufficient‘detailshwere given within these,chapters to
fallow future boating researchers to conduct their own . studies in ways
which will hopefully confirm and supplement the findings _presented

herein. o
100
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OBJECTIVE #2: SOME FACTORS AFFECTING BOATERS' VISUAL BEHAVIOR
‘Objective #2 was related to deterﬁining some factors which
affepted boaters' eye fixation behavior. Chapter IV‘contained the
anaiyses of these factors and determined those which did significantly
éffgct ﬁhe‘dependent measures. The following seétions summarize

these factbr effects. ~

Boating Environment Navigation Task Effects

Chapter IV included discussions concerning the effects of the

N :
boatiqg environment factor (open water vs. limited access water) and

the navigation task factor (compass vs. center in channel vs. visual

reference point tasks).

LFixation Locations

With respect to .the boating environment, the limited access water
condition was responsible for boaters scanning a significantly larger

area to the.fight of the vessel than the open water condition

(Figure 4.5,kpg. 75).: More fixations to the right during this con-
dition might be related to the cockpit station beihg located on the
fight (starboard) side of the boat.

| The navigation tasks generated statistically different distribu-
tions of horizontgl fixations (Figure 4.4, pg. 73). Boaters scanned

the largest area during the visual reference point task. Since this

reference point task is probably the most common boating task, it is
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reassuring to know that the SCanning patterns were large. In the

compass task the boaters' fixation locations were centered at'-3°

horizoﬁtél, " wherein  the éhannel'task produced a mean horizontal
location of +3°. Again, a preference for looking to the right side
of the vessel during this channel task may be related to boaters'

favoring the lateral position cues closest to their cockpit station.

Fixation Durations

Duration parameters were found to be’significantly‘different
due.to a velocity-nayigation tésk inferactiOn (Figure 4.11; pg. 86) .
During the channel tasks, the durations increésedfwith increased
velocities. Howéver, dhfing the compass and referenée point tasks,
these dufafions decreased with increased vélocities.'

Shyder (1973) suggested fhat fixation dufation-could.be used as
an_inverse‘indicatér of visual acQuisition performance, and Loftus
(1976) found memory performance fo be related to number of fixations
per tafget; Utilizing these results‘oné infers that the boaters may
be approachiﬁg a more efficient visual performance during the high
speed compass and visual reference point tasks.

The duration results further suggeét that a speed/accuracy trade-
;ff might have been displayed by these boaters. During the channel task
the durations’increased with inc¢reased velocities. As préﬁiouély
mentioned, McDowell~(l975) related similar increases in automobile

drivers' duratibns to the processing of information more accurately.
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The boaters exhibited a decrease in durations during the other two
tasks, which may be related to an increased information processing
rate. This velocity-task interaction should be further studied in

order to determine the nature of the boaters' various search strategies.

‘Subject Effects

Subject #2 displayed visual behavior which was statistically
oifferent from the other subjects (see Figure 4.7, pg. 77). These
differences were primarily seen in his muchvsmallér spatial scanning
patto?ns. Wﬁen»such extreme differences are found for one subject,
one is tempted fo removo this subjec;'s data because of possible
unknoﬁnkfactors in the data or methodology. However, this idea was
-rejectéd because no such factor could be identified; and Subject #2,
although not similar to the other subjects, may still represent a
portion of the boating population who have legitimate smaller scanning
pattefns.

It is oossible that Subject #2 did not realize the importance of
visually scanning a large area for collision avoidance monitoring.

In addition to smaller scanning patterns Subject #2 spent 20% of his
time fixating on objects which were aoparently irrelevant to his ooating
;ask (figore 4.12, p. 87). This might mean that he was easily distracted

from his primary task.
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OBJECTIVE #3: COMPARISON OF BOATER VERSUS AUTOMOTIVE VISUAL BE~

HAVIOR PATTERNS

- The data felated to OBjective 3 were presentéd in Chapfer V.
This coﬁparison,of the bd;ting‘énd automotive eye fixation data
illustrated some differences between thé'two operatOrsy(see Figure
5.1, p. 92). While centering in a channel, boaterg‘ mean horizontal
locations were similar to éutOmobile drivers in that both were about

5° right of center. However, the standard deviation of 22° for
boaters was much larger than the 3° foﬁnd for automobile drivers
(see‘Téble 5.1, pg. 92). Mean vertical locations indiééted that
boaters 3cénned below theAhorizon (-2°), while éutomobile drivers

scanned above the horizon (2°).

FUTURE RESEARCH RECOMMENDATIONS

This section is divided into two parts. The first is related to
those research recommendations developed. from the literature review.
The second part concerns recommendations which were an outcome of

.the data analyses and discussions.

Recommendations Related to Literature Review

The boating research by MacNeill, et al., (1976a) had subjects
both maintain a compass heading énd also monitor the VAST light task.
waever,'judgments were never made as to the degree of attention time

devoted to either of the tasks. Utiiiiing an eye:fiXation approach,
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one could determine the fespecéive,attention time for each task.
This type of information might also be useful in determining the
"sgress" levels that subﬁects were experiencing. Such "stress"
’levéls'céuld be increased by difficult compass headings, boat traffic
or wéter COnditions. Changes in a subject's peripheral light
detection capabiiitf‘(ﬁAST test) might be demonstrated further as being a
function of stress levels. A subject's percént fixation time on
a given task or his durations of fixations'might be used as measures
of'such stress. |

“j?s previously stated, céllision avoidance is an important task
for boaters. These béaters should be constantly monitoriﬁg for either
vehicular qr»non—vehicular objects. Future boating researchers should
addfeSS tﬁe iésue of veﬁicular collision avoidance. A possible methoa
fo;Vﬁhis type of research would be to monitorbboaters‘ eye fixations
on'anotherAveséel as a function‘of such items as the other boat's
distance,~anglé of'apﬁroach, and velocity. The non-vehicular coliiSion
aspeqt should also be fu:ther investigated by studying a boater‘é eye
fixation to these non-vehicular objecté as a function of object type,
“contrast level and the boater's own stress level.

1

Recommendations Related to Resultant Boating Data

The analyses of the resultant data revealed several significant
factors which affected eye fixatioﬁ»behavior. The scanning of a

larger érea to the fight during the limited access water situation
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was suggested as possibly being related to their cockpit station lo-
cation. Examining the eye fixation pattefns of boaters operating
center or left helm station vessels would be useful. The importance

-

' of such research lies in determining whether boaters are "favoring"
a certain side of their ﬁessel and whetﬁer the "ﬁnfavored" side would
haﬁe a higher collision potential. |

. The navigation task—velscity effects on the'dﬁ;ation'parsmeters
could be furthsf researched using ‘a sesondary~task spproach; The
changes in fixation durations as a function of velociﬁy~migh£ be re-
lated to spare_inforﬁation processing or even speed/accuracy trade-offs,

Many dissimilarities were noted between boat and aﬁtémobile drivsrs'
eje fixation data. These data were,admittedly‘coliected on different
'squects utilizing different‘equipment and data reduction/analyses
vgeshniques. ‘To alleviate discrepancies dussto these items, an eye
' fixation study coﬁld be conducted using the same subjects driving a-
bgat'and an autoﬁobile. Subjects couid be asked.to perfofmianalogous
tasks in botﬁ vehicles.b The(boat could also be equipped with a com-
parable automotive type mirror system to determine its effects on
’boaters‘ fixation patterns. | |

It can bé,sesn from this chapter that a'considerable:amount of in-
Eormstion has been gained about power boat oserators* visual behavior
éatterns; Some of these may be qpits usefuixtq,thpse;interes;ed in col-
lision related behavior. The examples of propdsed reséarch4suggest that
there are othér ihteresting’and'uSeful endéavbfslto bs undeitakeﬁ in

'this hew appiication of human~perfbrmance;
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Table A.1l

Subject #1's Test Sequence

hc°1?:::10n Boating Navigation Velocity
Qrder Environment Task ‘ Level
1 Limitgd Access Compass Low
2 Limited Access Visual Ref. Pt. Low
3 Limited Access Visual Ref. Pt. Medium
4 | Limited Access Center in Channel High
.5 Limited Access Center in Channel Medium
6 dpen_ Compass Low
7 Open Visual Ref. Pt. Medium
8 Open Visual Ref. Pt. Low
9 Open Center in Ch;nnel ' High
10 Open Center in Channel Medium
11‘ Limited Access Compass Medium
12 Liﬁited Access Compass High
13 Limited Access Visual Ref. Pt. High
14 Limited Accegs Center in Channel Low
15 Open Compass High
* 16 Open -Compass Medium
| 17 Open Visual Ref. Pt. High
18 Open Center in Channel Low
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Table A.2

Subject #2's Test Sequence

Data 4 - . : :
Collection Boating Navigation Velocity
Order Environment Task Level
1 Limited Access Visual Ref. Pt. Low
2 Limited Abcgss' Céntér7in Channel ‘Medium
3 Oéen | Compass | High
4 ‘OpenA Compass Medium
5 Open Visual Ref. Pt. Low
6 Open 'ViSuai Ref. Pt. Médium
7 Oﬁen Center in Channel Low
8 Limited Access Compaés Med ium
9. Limited Accessv Compass High
10 Limited Access Visual Ref. Pt. High
11 Limited Access Visual Ref. Pt. Medium'
12 Limited Access . Center in Channel | High
.13 Limited Access Center in‘Channel | Low
14 Open Compass Low
15 Open Visual Ref. Pt. High
16 Open Center in Channel | Medium
17 Open Center in Channel H&gh
. 18 ' Limité& Access | Compass Low
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Table A.3

Subject #3's Test Sequence

Access

; Data : ‘
Collection Boating Navigation Velocity
Order Environment Task Level
1 Opgn Compass High
o2 Open Visual Ref. Pt. High
3 Open ‘Visual Ref. Pt. Low
4 Open Center in Channel Low
5 A0penv ‘Center in Channel Medium
' 6 Limited Access ;Compass Medium
7 Limited Access - Visual Ref. Pt. Low
8 Limited Access Visual Ref. Pt. Medium
9 Limited Access Center in Chapnel High‘
10 Limited Access Center in Channel “Medium
11 Open Compass Low
12 1 Open Compass Medium
%3 Open Visual Ref. Pt. Medium
14 Open Center in Channel High
.15 .Limited Access Compass Low
1% Limited Access Compass High
17 Limited Access Visual Ref. Pt. High
18 Limited Center in Channel Low
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Table A.4

~ Subject Impliéd?Consent Form

I, the undersigned, understand that the purposé of this study
is to determine basic information about the viéual behavior and
body movementé of boat operators. Specific tests in whiéh I will
be asked tb be a‘subject include: (a) anthropometric meaSurements,
(b) static visual measurements such as visual acuity, and (c)
measurements of eye movemenfs and eye fixation locatibns.v I
‘acknowledge that I have received a cémplete briefing of these tests
andvI am sétisfied that I understand whﬁt is involved. I know of
no physical disabilitieé which.would preﬁent me_frbm taking part
~in this experiment. I realize some discomfort could result from
my parficipation although the'expefimental‘procedures and apparatus
have beén designéd to minimize these hazards. 1I also updérstand
" that my,participatioﬁ is stfictly voluhtéry and that I will be
allowed,‘at any tiﬁe, to stop for rést or to discontinue my partici-
pation in this study without prejudice. or éhaﬁge in ﬁy pa&.‘ I
further acknowiedge’that all of the daté ére confidential and I
agree td allow pubiication of any or all of the data collected if

presented in a coded’ form not identifying me.

Signatﬁre of Subject } ' Date

Signature of Witness _ Date
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Table A.5

Subjects'

Bausch and Lomb Vision Scores

Measurement

Subject #1

Subject #2

Subject #3

Far Vision:

Vertical Phoria .(Prism Diopters)

Lateral Phoria (Prism Diopters)

Acuity-Both Eyes (Spellen
Fraction)

Acuity-Right Eye (Snellen
Fraction)

Acuity-Left Eye (Snellen
Fraction)

Depth Perception (% Stereopsis)

.Color Vision}

'%ear Vision:

Vertical Phoria (Prism Diopters)

Lateral Phoria (Prism Diopters)

Acuity-Both Eyes (Snellen
Fraction)

Acuity-Right Eye (Snellen
Fraction)

Acuity-Left Eye (Snellen
Fraction)

0.5LH
+1.33

20/20
20/18
20/20
102.4%

Below
Standard

0.17LH
-600

20/18
20/25

20/18

0.5LH
-1.66

20/18
20/25
20/17
103.6%

Satisfac-
tory

20/17
20/18

20/18

0.5LH
+1.33

20/18
20/17
20/17
96.0%

Satisfac-|
tory

20/17
20/17

20/20

!standard used was the Ortho-Rater Visual Performance Profile for

Operators of Mobile Equipment.
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‘Table A.6

Subjects' Anthropometric Measurements1

Measurement2 Sﬁbjecf #1 Subject #2 Subject #3
Sitting Height 82.3(32.4)  89.7(35.3) 91.4(36.0)
Seated Eye Height | 72.1(28.4) 80.0¢31.5) 80.0(31.5)
Shoulder Height 54.6(21.5) 62.2(24;5) .»66.0(26.0)
Elbow Rest Height 18.8( 7.4) 22.9( 9.0)  27.9(11.0)
Shoulder Width . 42.7(16.8) 44.2(17.4) 45.7(18.0)
Upper Arm Length  34.5(13.6) 36.8(14.5) 36.8(14.5)
" Lower Arm Length 44.7(17.6)  45.7(18.0) 47.8(18.8)
Popliteal Length  40.1(15.8) 44.5(17.5) 43.9(17.3)
Popliteal Height 46.2017.4) ° 43.2(17.0) 44.5(17.5)
Knee Heigﬁt 52.6(20.7) | 55.9(22.0) 57.2(22.5)
Height - | 163.3(64.3) 172.7(68.0) 182.4(71.8)
Weight (kg & 1bs) 59.9(132.) 70.3(155.) 79.4(175.)
Age (years) 28 oz | 20

1Mleasurements defined in Table A.7

gMeasurements in ceﬁtimeters with inches in parentheses unless
otherwise indicated. All measurements were taken with a yardstick

~and tape measure; except for weight, where the subjects stated the1r
weight.
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Table A.7

Anthropometric Definitions

Measurement

Definition

Sitting Height

Seated Eye Height

Shoulder Height

-t

4

Elﬁow Rest Height.

Shoulder Width

Upper Arm Length

Lower Arm Length

E

"Popliteal Length

- Subject sits erect.

Subject sits erect, his head in a Frankfort
plane. Measurement is taken from the sitting
surface to the top of the head.

’ " Subject sits erect, his head in a Frankfort

plane. Eye height is measured as the distance
from the sitting surface to the inner corner
(internal canthus) of the right eye.

Measurement is taken from
the sitting surface to the right acromion
(highest point on the lateral edge of the
shoulder bone).

Subject sits erect, his right upper arm hanging
at his side with his lower arm extended
horizontally. Measurement is taken from the
sitting surface to the bottom of the right
elbow. ’

Subject sits erect. Measurement is the hori=-

- zontal distance across the shoulders to the

maximum lateral protusion of the deltoids.

Subject sits erect, his right upper arm
hanging at his side with his lower arm
extended horizontally. Measurement is the
distance from the bottom of the elbow to
the right acromion.

Same position as the upper arm length measure-
ment with fingers extended. Measurement

is the horizontal distance from the tip

of the right elbow to the longest finger.

Subject sits erect with the upper front
portion of the horizontal sitting surface
lightly touching the back or inside of the
right knee (popliteal area). Measurement is
the distance from the back of the right but-
tocks to the front edge of the sitting, surface.
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Table A.7 (continued)

Measurement

Definition

Popliteal Height

Knee Height

Height

Subject sits erect with the front portion
of the horizontal sitting surface lightly
touching the underside of the right knee
(popliteal area). Measurement is the
vertical distance from the top portion of
the sitting surface to the surface of the
footrest or floor. "

Subject sits erect. Measurement is the
vertical distance from the surface of the
footrest (floor) to the top of the right
knee just in back of the patella,

Subject stands erect with his head in a
Frankfort plane, heels together and arms
hanging at his side. Measurement is from
the top of the head to the floor.
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APPENDIX B

CATEGORIES OF TASK RELATED VARTABLES DETERMINED BY DATA REDUCER

Title

Table B.1l:
Table B.2:
Table B.3:
. Table B.4:

CONTENTS

Immediate Boating Situation Categories
Maneuvering Situation Categories

Eye Spot Reference Locations

Fixation Target Categories
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Table B.1 -

Immediatg,Boating Situagion~categories

Code o , ‘ - Category of Boat
No. B _ : -

MOVING BOATS

1 ‘ Boat dead ahead within 250 yards moving
toward us ‘ N :

2 ' Boét deéd ahead moving.aﬁay from us

3 | . .Boat approaching port

4 Boat épproaching starboard

5 . ~ Boat rear starboard

6 ~ | v Boat approaching from stern

-7 Boat passing port to starbqard

8 Boat passing starboard to port

9 o ~Freighter or Bob-Lo boat ahead
10 : Boat rear port |
11 . 3 Freighter and boat port

12 Bob-Lo boat port

13 Bob-Lo boat starboérd

14 | No traffic within 250 yards
| ANCHORED BOATS | ‘ |

|1 15 Anchored boat port

16 . ‘Anchored boat stérboard

17 : - Anchored boat starboard and port
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Table B.2"

Maneuvering Situation Categories

Code Maneuvering Situation
NO . ) . .

1 | 'Mbving étraight - calm‘waterv
2 Moving straight - light chop water
‘ 3 Moving straight - rough water
4 Going over wake
5 Turning right - calm water
6 - Turning right - iight éhop water
A'7 Turning riéht - rough water
8 Turning left - calm water
9 Turning left ?-light chop water

10 Turning left - rough water
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Table B.3

‘Eye Spot Refereﬂce Locations

Code . Vertical Reference Location!

1 Right-front bow marker

2 Center front bow marker:z:“ T :ZA
3 Center pillar

4 Windshield_wiper motor

5  Right front pilla;

6 Left front pillar

7 Left side pillar. -

8 Known instrument panel location (for fixations to the
tachometer, speedometer, compass, or face camera)

"9 No spot

lHorizontal reference was the horizon.
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Table B.4

Fixation Target Categories

[coae Fixation Object
No. .
1 Anchored boats
2 Moving boats
3 - Navigation aids (i.e. buoys, 1ighthouse)
4 Instruments in vessel
5 Tachometer
6 Speedometer
-7 Compass
8 Land or island
9 Water (i e. scanning for hazards)
10. A boat's wake
11 Object in water (i.e. log)
12 Passenger in his vessel
13 Blinks
' 14 Out of view - probably tachometer
15 Miscellaneous
16 Transition movement
17 Out of view - left side
18 Out of view - probably compass
19 Out of view - don't know
20 Out of view ~ probably speedometer
21 Pursuit movement
22 Out of view - right side
23 Reference point
24 Don't know
25 Face camera
26 Out of view - instrument panel
27 Bow of boat
28 Freighter or Bob-Lo boat
29 Left front
30 Inside of boat
31 Sky
32 Throttle/gear shift lever
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APPENDIX C

STATISTICAL SUMMARY OF EYE FIXATION DATA

Page
Mean Horizontal Location (degrees) V 127
Standard Deviation of Horizontal Location (degrees) 128
Mean Vertical Location (degrees) 129
Standard Deviation of Vertical Location (degrees) 130

Fixation Durations (msec) » . 131
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" PERCENT FIXATION TIMES BY VISUAL ZONES

DEFINITION OF VISUAL ZONES

"Tﬁe data analyses ceﬁtered around the spatial and temporal
properties of the boating éubjects' eye fixations. Combining these
‘two paramgtersfwas\achiévéd by (a) dividing the available scanning
area into zones and (b) determining the respective peréent of fixa-
tion time spent in each‘zone.

" Such a method has been used extensivély in}the automotive eye
mo?éméht étudies performed at Ohio State University. An illustration
o

“the automobile ségmented areas is contained in Figure D.l. Rockwell,

of
e
“Overby aﬁd Mourant (1968, p. 32) stated that "the seven sections were
cHosen so as to contain prominent highway features that were believed
to be significant sources of information for the driver in controlling
. P . . "1 .
his vehicle.
Criteria to divide up the bqatef's visual field into zones were

based on the different types of tasks that one might expect the

‘boater to perform.

1R

. ,&\
1 \\\\\\i
DHIVER'S VISUAL FIELD \

Figure D.1l:  Automotive Visual Zones (from Rockwell, Overby and
Mourant,.1968, p. 26) -
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The primary task of the.boater is probably to scan for non-vehic-
ular collision obstacles which maj‘Be directly in hié path. It was
determined that the mostrprevalent of these areas unld.be.15° to
either side of straight-ahead. An illustration of this zone is con-
~tained in'Figure D.2. Other‘reeearchers (Bartz, 1965 and Devlin and
Roe, i968) have stated that head movements occur when the visual
angle is greater than 30° to 40°., Boaters scanning within this area
would, thus, probably make eye movements without corresponding head
movements. |

In addltion to these front areas, two intermediate type zones were
selected to be from 15° to 45° right or left of straight—ahead Boaters
scanning in‘this area could be lookinngOr potential,collision vehicles
which mayjcome into their'path, or non—vehieulaf collision obstacles
which, although not directly in their'path, may indicate problem areas
(e.g., seaweed or logs on top of the water could indicate shallow
areas aheed)f. : |

Areas greater than;45° to 180° were then encompessed into ﬁwo more
vieual zones. Boaters parficularly~concerned abdut collision avoidance
would probably more frequently scan‘these areas to monitor agll traffic
in their surroundings; | |
- An aree straight ahead of the boater (+ 15°'azimuth) but above the
horizon was segmented to account for the scanning of boats, navigation
aids or high objects directly in the boater's path. The side areas
greater than + 15° but above the horizon were also portionedk ‘Finelly,
the‘instrument panei area including the eompees was combined intd one

zone.
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An illustration of all the visual zéne segments is.contéined in
'~ Figure D.3. The amount of data coliected in this exploratofy study
was not sufficient to have fikations in each of the zones. Therefore,
zonés,were recombined into»é left visual zone which'included visual
‘zones 2, 3, and 7 (—180°'to‘—15°~aéimuth); a center visual zone which
included zones 4 and 8 (~15% to 15° azimuth); and-a.right visual‘zone
which included visual zones 5, 6 and 9 (15° to 180° azimuth). Dimen-
sions for the original visual zones and the combined zones‘are contained
in Table D.1. Future research on Boaters‘ eye fixations will, hope-
fully, collect sufficient data for analyses to be poséible in the

original nine visual zones.

ANALYSIS OF DATA

Tﬁe peréent of fime the bbatérs spent’ fixating in each.of these
zones was detérmiﬁed. (SeevTéblés D.2 - D.4,) Because percentage
data is boﬁnded at 0 ahd'lOOZ,'these déta were transformed with an
arésin'functibn to obtain an appropriéte distribﬁfion for the‘ANOVA
analyses. The results from the analyses of variances using the arcsin
transforms are éontained ih Tabie_D.S. The discussion of results will,
hdwever, use the percent fixation time numbers rather than theif trans-

formed counterparts.
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Table D.1

Visual Zone Dimensions

Visual | | L o | combined Visual

|Zone No.{ ' Dimensions o - Zone Segment
1 Instrument Panel énd Compassf o f Instrument Panel Zone
2 180° to -45 azi{muth‘, be]pw horizon }Lef_t Visual Zone |
3 -45° to -15° azimuth, below horizon ‘
4 —159»td 15° azimuth, below horizon Center Visual Zone
5 15 tp 45° azimuth, below hqrizon }Right Visual Zone
6 45° to 180° azimuth, below horizon o '
7 -180° to —15°'aéimuth; above horizon . Left Visual.Zone
8 -15° to 15f azimuth, above horizon Center Visual Zone
9 15° to 180° azimuth, above horizdn‘  Right Visual Zone

'DISCUSSION OF RESULTS

 Left and_Right Visual Zones

Subjeét'differeﬁces'(s) for all zones were highly significént-at

| a < .005"(see fab1e D;3).v'Ihis effect waé:primarily due‘to:Suﬁject f2.
Wﬁereas Subjects #1 aﬁd #5 épent approXiméteiy 30% of their time in
the left and ;ight'ﬁisual»zones; Sdbject #2 only spent 127 of his time
i; these‘sidé zones (Figpre D.4). It is interesting to note-from
T;bie D.3 that for the left visualvzoné; only the_suﬁjec£ variaB1es

(S) is signifiéant; Hoﬁever; the fight and Centéf viéﬁal.ZOnés‘have‘

many variables of”SignifiCance.‘



139.

*sja8ael coﬂumwﬁ>mc 03 p93BIa21 30U SUOIIBXTI]

89S0yl 9pPNIOUT S33S BIBQ

T
S Juauuo
. . eor —ifauy 3jeog ®
0°8 TI°€T 6°C1 s30alfqng ‘4310
~O0T9A SS0IDFV
s30afqng 3.
€°TT 9°'8 9°6 0°6 1°L L°91 8°9T £L3rd072y
. SS0I0Y
T°1T Z°8 t°6 ¢ 1 0°8 ..m.wH 1°T¢ €#S (quny
L°6 m.q, [AA 0 £°C 8°9 ¢°c 7°6 Z#s swmw ‘
8¢l 8°¢C €11 8°8T 0°'¢ N4 §°6T T#S S
: . . =
9°8 0% Ay z's 8¢ (A2 0°ST | €S| yuy 3
. . : . . . | <
6°6 1 0 0 L0 €°C AN L0 Z#s pon| =
=1
861 8707 0° %t 7°0T 9°¢ STy €°9T | T#S w
N &
6°¢Ct 1°%¢ 84T S°6 9°9¢ £°6 7°¢€S £#S | (uuy m.
3 — - 62) |
ALt 1°s 0 ¢ 489 0 L°ET Z°8 TI#S ) mo1
16T 9°L1 %791 G LT [N 2°01 9°11 T#S
s100(qns B [ouuey) JUTOg Touuey) JUTOg - N
: ut aJuai1aisy ssedwo)y ur 9Juaiajay ssedwo) .
pue SYSEL| sySe] pue : ) . !
‘juswuoiTAug| JusWUOITAUT 193190 IenstA 123839 .ﬁm=MH>
JeOg SS0IDY|3IBOg SSOIDY Jajey uadg. 193eM SS900Y polTuwrq .

T

> - -

Z°a @1qeL

SUOZ TEBNSTA 1J9] UT SWIL UOTIBXLJ JuedIag

e



140

§3981e3 UOT3IE3TARU 03 POIBTA1 JOU SUOTIEXTJ ISOYI OPNTIUT S39S BIEB(

T

£°d °TqeL

~

3U0Z TenSTA JI9JUS) UT QW] UOTIBXT{ JUIDIDg

T
- . Juswuo
. . . -1TAug 3EOg 3§
1°59 L9 6°S9 | s300fqns ‘417>
-0[3p SS01DY
: ; s1dalqng »
929 - 729 8°€9 AL L9 96y 9°8¢S £a100T3)
R ’ ) §5010V
CLUEL 0°%8 v LL 6°S8 L°€8 9§ 995 | €S| (quoy
§'€9 169 L1¢ 8L 206 £°59 0°Ts e | oas| oo
3 . <’
9° Ly 2°99 6°4S 1°6Y 9495 6°9T vy | T#s 2
A . 2]
h 8'29 665 66 0°6L v'TL :19 89S | €S| quy |5
$'€9 €75t 8°6S 1769 6761 0°68 2°99 L°S6 | #s .www,m.
v°zs $'z¢ 'Ly 29 €28 Ltz €0y | T4s z
" .
M 728 €£°€9 §°69 0769 €°€€ T°%¢ S6T | E#S|oyuy 8
8°09 0°0L 8°29 6°5S S8 T°€S s 08 zve8 | TS| me
665 9759 9791 8°6¢ 6751 L€ T'wy | Tss
Touuey) ~ 3urog ] Tauuryp, Jutog
s393[qng uTt 9ouaiazay ssedwo) ut’ ERLCRER CN ssedwon
. PUE SHSEL Sise] pue X33ua) 1ensip ) 193ua) TenstA
JUBWUOITAUZ| JUSWUOITAUY : ,
le0g SS010Yy| 1BOg SS01DY 193eM uadp . . I931BM SS90V POITWIT]




141

*$328183 UOTIESTABU O3 PIIBTA1 JOU SUOTIBXTJ ISOYl SPNTOUT S39S ele(Q

T

Juauuo

-11Augy jeoq ¥

%°d 919l

9°21 1°6T 20T Jeq5o0qng ‘4370
—-0OT3A SS01dY
. - s303lqng
921 €yl z°8 LAt 0°1T 6°12 0°ST £31d07094
SS01dY
€11 z's T°€ Szt 6°9 €76 64T | . €4S
6"y m*ﬁﬁﬁ
991 9°6 9°2z €L 0 0°8 €91 g zas|  99)
. . Y3ty
8°2t LAUAS 9°0T €°01 612 L'ty VA1 T#S m
. [}
- [¢]
At ‘91 8°¢ 6°€ z° G* z°0 1S oy
Ak S'9 , 9 44 z € (awy | 5
LA <8 L70T 0°L 0°1 L8 AR A T#S .wwy: 3
. - . K| A
. ‘s
L°91 9°v1 T°sT 8¢ 6°8 9°92 6°0¢ T#S 5
. e
) (1]
1761 T°6 6°6 8°s zze 6°1¢ L°IT | €#S) (quy | =
: . ; . R . . e 627)
6°01 um 9. €11 v 0T 6°Y. 9°T LS "L US| moq
8:01 60T 0°L €9 0°¢T 1°LT s'g | Tas|
‘w Tauuey) . 3urog , Tauuey) jurog .
s32alqng ur - 9ouaiaiay ssedwo)y uy ~@dudiaiay | ssedwo) .
pPue s)sej] ' S}SeJ] pue I193u3) TENSTA : ) I23uU3) TensIA
¢ jusawmuolITAUF| JUSWUOITAUF aadn
" Jeog ssoioy| JeOog SSO01dY 193en usdo I93BY SS999Y paITuY]
H._SBN TensTA IYSTY UT SWIL UOTIBXTJ JU9DId




142

Table D. 5

Significant Results from the Analysis of
Variance for Percent Fixation Time in Visual Zones

Independent Variables
Dependent N ' R
- Variable v|s| E| T |se]Er|vs|ve]| sr
Arcsin Transform of ' B )
Percent Fixation :
Time In:! J
Left Visual Zone - |  [#k%x|
Center_Visual Zone kkkk| % [ % * k| x| x| Rk
‘Right Visual Zone ‘ Jedek | ededese | *hck [Radk

" !pata séts.cohtain,only those fixations not
navigation target ‘

where: Velocity  | » o *

V =
S = Subject - *%
E = Boating Environment - kkk
T =

‘Navigation Task kkkk

on a particular

ko
QR ER K
CAAAN

.05
.01
.005
.001
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L = LEFT VISUAL ZONE (-1§T0—|80° AZIMUTH)
C = CENTRAL VISUAL ZONE (-I5"TO I5° AZIMUTH)
R = RIGHT VISUAL ZONE ( 15° TO 180° AZIMUTH)

SUBJECT # 2

70 ' _ AL
. SUBJECT # 3 SUBJECTS

60—1 . " . ) —
SUBJECT # 1 ' )

50.
40-

30

" PERCENT FIXATION TIME (%)

all 4

LCR ' LCR LCR © L CR
! ‘ VISUAL ZONES

Figure D.4: Subject effects on percent fixation time in visual zones
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| With respect"to this'right zone in particular, the limited acéess
water situation,vthe boaters spent 16%.of theirvtime fixating in this
right zone and only 9% when they Qere.in open:wgtef (see Figufe D.5).
Furthermore, the subjéct—boating env%ronmen; interactions (SE) caused
a significént effect on the percent fixation time in this right visual
zone (Figure D.6). Both Subjects #1 and #3 spent approximatelj.loz
more time»inbphis zone during the limited.accéss’water coﬁdition;
while Subject #2 spent-a nonsignificant 2% more of ﬁis time in this

right visual zone during the open water condition.

LIMITED ACCESS OPEN WATER

-

70

60

(%) *

-~

40
304

20+

T

LCR LCR ¢
VISUAL ZONES

PERCENT FiXATION TIM

Figure D.5: Boating environment effects on perceht fixation time in
: _ visual zones (*means for all qubJects, all velocities and
all navigation tasks)
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~ Figure D.6:

Subject-boating environment effects on percent fixation
time in the right visual zone (*means for all velocities
and navigation tasks)

Center Visual Zone

Environment and Navigation Task Effects

Table D.2 indicates that, overall, less time Qas spent in this
center zone during the limited access water environment than during
the open water environment. It was suggested that this tendency might
be related to the boater's use of information on his right for pur-
poses of determining his lateral positionvand tracking error.

With respect to navigation tasks, approximately the same amount
of time (657%) was spent in this center visual zone during the cémpass
and channel tasks;.whereas during the visual reference task, only 57%

of the time was spent fixating to this zone (see Figure: D.7).
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Figure D.7: SubJect—navigatlon task effects on percent fixation
time in the center visual zone .

Subject-Task Interaction ﬁffects

| Sunject—navigation'task effects (ST) were also‘siénificant in
the Table D.3 ANOVA's. Subject #3 was consietent in his percent
fixation time scross all tasks. (see Figure D. 7. Suﬁﬁect #2 had
signiflcantly higher times for the compass task This is just
opposite to Subject #1 who had signlflcantly lower times for the
bcompass task and also for the visual reference point task. All

subjects had equivalent percent'times for the channel tasks.
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Another subject interaction waé significant when one considers
the boating environment as illustrated in Figure D.8. Both Subjects
#1 énd #3 spent less time fixating in the céntral area during the
' limited access water condition than they did in the open water condi-
-tion. ASubieét #2, on the other hand, spent approximately the same

amount of time regardless of boating environment.

70+
. 604
*
3
w 501
=
’— .
=
5 40
= own
< 1%} [72]
5 (/9] 17,3 w [92) «
W 9 & o & ] i olw
L 0 3lE 9|k °ls 2l
7 SE NE NE >
4 o= 81z 21= ol =
b 20 3k A Elg E|g
o =1o Z|lo =lo Z|lo

3 3 J ]
10
"SUBJECT # 1 SUBJECT # 2 SUBJECT # 3  ALL SUBJECTS

* Means for all velocities and navigation tasks

‘Figure D.8: Subject-boating envireonment effects on percent fixation
‘ time in the center visual zone
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Subject Velocity Interacticn Effect

| The final subject interaction had to do with the effect of
»velocity (see FigurerD 9) Subject #2 spent approximately the same:
’portion of time fixating in this central zone regardless of the velo-
city. Subjects #1 and #3 normally with similar test: results, are
opposite in this case. Figure D.9 indicates that Subject #1 reduced
hiSrperCent‘fination time in this center zome as speed increases,

uhiie Subject #3 increased the_percent £ixation,time as-speed increased.
Subject #3 had'equiualentvpercent fixation percentages as Subject'#z
etithe'medium and.high velocities, while Subject #1 was elwaysis1gnifi-_

cantly lower than Subject #2 at all velocities.

'Components of Variance for the Visuai Zones

In an attempt to further illustrate some of the previous effects,
the cemponents of rariance uere determined and are illustrated'in
Figure D. 101 As expected the unexplained portion is 1arge for the
left visual zone since the subject independent variable was the only
',s1gnificant parameter (see Table D.3). The error term is smaller for
the.right vs. left visual zone since the tesk effect acceunts for'AO%
ch“the'variance, However, for the center visual zone, the task effect
is reduced (18%) with the subject and subject-task éffect accounting
for over 50% of the variance. Again, many of these effects can: he
'accounted for»byithe different behavior patterns,qf SubjeCtv#Z, His
) reduced scanning.patterns‘resulted inllarger percentjfixaticn tines.

in this center zonme.
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APPENDIX E

PREDICTION OF BOATERS' SCANNING BEHAVIOR

Prediction of Boatersl Scanning Behavior .
Prediction of- Horizontal Fixation Locations
Prediction of Vertical Fixation Locations

Table .

- Table
‘Table
Table
Table
Table

Table

E.1:
E.2:
ﬁ.3:
E.4:
E.5:

E.6:

Polynomial Orthogonal Contrasts Used in
Regression Equations

Summary of Prediction Equatlons for Horizontal
and Vertical Fixation Measures

Prediction of Mean Horizontal Location from
Regression Equation

Prediction of Standard Deviatlon of Horizontal

Location from Regression Equation
Prediction of Mean Vertical Location from
Regression Equation

‘Prediction of Standard Deviation of Vertical
Location from Regression Equation

154
155
159
160
163

164
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PREDICTION OF BOATERS' SCANNING BEHAVIOR

The analysis of results can be further extended by utilizing
stepwise multiple regression models to determine the relative
importance of the variables-al}eady found to be significant iﬁ
the previous ANOVA tables. Because many of the independent variables
were at three levels, it is also possible to determine the linear
and quadratic effects of these variables on the dependent'variébles.

In order to accomplish this, a model of the following form was

utilized: -
Yisjkim = B0 F Alvl(lln) A2V5 (quad) T A3%51in) T 2454 (quad)
tASE T AT 2(1in) A Te(quad) t 28Vi11n)55 (1in)
. +A

49Vi(1in)5j(quad) * A10% (quad)®5 (1in) t 211V (quad) ®3 (quad)

'+ « « » + error.

where: Vi Velocity, i = 1-3

Subject, j = 1-3

v
]

Boating Environment, k = 1;2

t=3
]

o= Navigation Task, £ = 1-3

(1in) = Linear Contrasts

(quad) Quadratic Contrasts
To determine the linear or quadratic effects listed in the
previous equation, polynomial orthogonal contrasts as defined by

Hicks (1973) were utlllzed. The particular contrasts for each main
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effect are listed in Table E.l1. These particular contrasts compare
two levels of an independent variéble against a third level.

Thus, Subject #2 waé compared against Subjects #1 and #3, and the
centering in channel task was compared against the compass and
visua} feferénce point tasks. This is indicated by the different
weightings as iisted in Table E.1 (e.g., to determine the quadratic
effect related to Subject #2, the weighting factor is 2). These

" decisions were made post hoc based on the differences discussed

in Chapter VI However, it was not evident from the previous
analysis which velocity level to use to compare to the remaining
two levels. Therefore, all combinations were run and it was
determined that testing the low and high velocity versus the -
medium velocity resulted in the best prediction equations.

A summary of all significant‘variables in the regression .
equations is contained in Table E.2. Many of the resultant
regression equations aré extremely lengthy due to determining both
the linear and qugdratic effectsof the independent variables
(e.g., Subjectz or Taskq). The results differ at times from
the ANOVA's summarized in Table 4.5 because the ANOVA's do
not partition out the linear and quadratic effects. Due to

the complexity of the equations, the following discussion is

separated into the prediction of the two measures, horizontal and

vertical eye fixations.
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" Table E.1

Polynomial Orthogonal Contrasts Used In Regression Equations

Orthogonal Contrasts

Linear

Quadratiec

Independent Variable Coefficients Coefficients
Velocity:

Low Velocity 1 1

Med Velocity 0 -2

High Velocity -1 1
Subject: i

S #1 1 1

S #2 0 -2

S #3 -1 1
Boating Environment:
- Limited Access 1

Open -1
Tasks:

Compass 1 1

" Center in Channel 0 -2

Visual Ref. Pt. -1 1
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Table E.2

Summary of Prediction Equations for

~Horizontal and Vertical Fixation Measures1

Horizontal(®) Vertical(®)
. Mean Standard Mean Standard
Deviation Deviation

Constant -3.6 =40 -2.1 4.6
Independent
Variables:
Ve
\Y

q

Sﬁ_

Sq 1.1 2.3

E 2.0 3.1

T

L -1.4 -3.6

Tq -1.7 .6
VeSe 1.5 .5
Vﬂsq .3
VqSK 1.1
V S

9 9 -.5
VeE ~1.4
V E

q
VeTe 6
V£Tq
Vqr£ 1.0
vV T

q q
SgE 1.6 .9
SqE 1.2 .9
SeTe
SﬂTq .2
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. Table E.2 (continued)

Horizontal(®)

Vertical (%)

Mean -

Standard
Deviation

Mean

Standard
Deviation

et

Sqlﬂ

.2

qq

ETK

-2.0

-1.2

*

V((,’.th o

,quﬁn‘

VST
q°q

V RT

e

V LT
Ypttg

|V ET
q L

vV ET
94 _4g

VeSele

Vﬁsqu

1.9

Vksq1ﬁ

V5T

A q

VST
{ "% e

VST
q L q

VqulK |

"3
q7q q

S,ET,
oy

-1.5

S,ET
L q

-1.2

S ET
qciﬁ

S 1T
9 49

VeSe

ETp.

v&§@ETq

'V£Sq81€

V.S ET
q q
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Table FE.2 (continued)

Hofizontal(‘) Vertical(®) -
Mean Standard Mean Standard
Deviation Deviation
V S T
| a & ¢
V S _ET
qg £ q
V S ET
Qq £ , .
Vqsthq ' -.2 .1
Covariates:
,Vclocityz 1.9
Tempcrature3 »
Hnnters.
Rnting" - -3.1
Cloud
Cover®
Regressive’
Statistics:
R-—-Squared .78 .95 .07 ' .76
Standard ‘
Error 3.6 2.3 1.4 .9
where: V = Veldcity T = Navigation Task
‘ S = Subject £ = Linear Contrast
I = Boating Environment q = Quadratic Contrast

'Numbers in the cells indicate significant variables and their
coefficients. .

2Not an Orthogonal Contrast; Low Velocity = 1, Medium = 2, and High = 3.
3Temperature (°F) during testing.
“Subjects' boating skill ratings,

SPercent Cloud Cover during testing.
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PREDICTION OF HORIZONTAL FIXATION LOCATIONS

It is obv1ous from Table E.2" that neither of the horlzontal
parameters have sample predictive equations nor’will-the dlscus31on
of these equations be effortiesS.:‘For.the standard'deviatiOn of hori_
zontai 1ocation, the amOunt of varianoe that the‘horizontal eqUations
in Table E.2 accounts for,is\extremely;good‘(r? = .92) and adeqnate
,for the meanjhorizontal_looation <r2 = .78). The'ooefficiente offthe
variables for mean horizontal location are surprisingly simllar with
most of ‘them ranglng from 1 1° to 2° -

Using these equations it is p0331b1e to predict means and standard
deviations.of horizontal iocation and these predictions are listed
in Tables E.3 and -E.4. For exanple, Table.E.3‘indicateS‘that in-the'
iimited acoesazwatericonditioniduring_both‘the ﬁisual reference pointv
‘and centering in channelztasks; the'nean was aimoet always tojthe
right of straight ahead; Whereas; for the'compaesftask; the'mean‘wae
almost;always left of straight aheadt |

f'In the open Water bOating environment, the compaSS taak mean:
horizontal locationvwas;vagain; almost always left of straight ahead
and the visual reference point task's mean horizontal 1ooati0n was
also left of straight ahead for SubJects #1 and #3 HoweVer,‘the
open water centering in channel task was almost evenly divided between
being to the right or 1eft of straight ahead |

» Although.the data otilized to develop these regression.equatipns
~did not,contain fixations to,the navigatiOn’target,?they.atili.pro;‘

'duced'avbias~in'the'mean 1ooation. As an example, consider the
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compass task. The compass is located at approximately -40° to
the left of straight ahead, and boaters switching between looking
at the compass and scanning the water straight ahead scanned to the
left of straight ahead. This may be a conservation measure in order
to reduce the amount of eye and head travel in between fixations. .
In the visual feference point task, the navigation target, either a
smokg stack or water tower, was straight ahead of the boater. Thus,
one would not expéct that the data was biased due to the location of
the navigafion target for the visual reference point task unless
another variable, uncontrolled in the study, affected thése mean
locations. While performing the centering'in channel task, the boater
was supposed to keep the vessel in the center of the channel as marked
by buoys. A bias toward the right of straight ahead may indicate that
the boater favored the buoys to the right of his vessel..

Analysis of Table E.4 indicates that Subject #2, as previously
discovered, always had a smaller scanning pattern, as depicted by
the horizontal standard deviation, than Subjects #1 and #3. Further-
more, as previously discussed, the limited access water conditions
almost always had a 1arger standérd deviation than the open water
condition. The smaller set of standard deviations, consistent for
all subjects, was in the open water centering in channel,nﬁigh speed
situation. In fact, Subject #1's smallest deviations were always in
the open water centerihg in the channel situations, while Subject #3's
smallest scan patterns were displayed in the open water compass situation

and were consistent through all velocities. The reasons for the



e

difference between the boating environments has already been proposed

_in Chapter III. Due to the fact that the prediction equation for

'_standard deviation of horizontal 1ocation accounted for- SQ much

2.
variance (r = 95) the predictions from these regressions further

amplifies these flndings

‘PREDICTION OF VERTICAL FIXATION LOCATIONS

Although.the ANOVA”tableS'did not reveal anyﬁsiguificant effects
forjtheiverticalchmponents;-the regression'equationshCOntained’in
: Table E 2 did produce variables that have a significant effect on
‘the vertical parameters. The-equation for mean vertical location
. does not account forfmuch variance (fz_;.;o7)- hovever, predictions
" were still developed and are contained in Table E 5 ‘These predictions
illustrate that during the centering in channel task across both
-bOatingjenvironments, all subjects and all Velocities; there’Was a
consistent.mean‘verticaly10cation;. Furthermore, all tasks for all
subJects in both boating environments at the second speed had the
same mean.vertical'location parameter. In addition to these results,
>Subjects #1 and #3 had equlvalent mean vertical 1ocations for all
'three veloc1t1es. Additional.dlscussion of results from these re-
i_gre551on equations is not warranted due to the poor prediction
‘qualities of thls equation.- ’
The_regression equation for the.standard;deviation of vertical

. location as listed ianable E.2 is a much better predictor (rz = .76);
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on the same order as the regression equation for mean horizontal
location. The components for tEe variables listed in Table E.2
are a better_weighting factor than have previously been found. By
this, it is meant that some of the components are twice the value of
the others (i.e., .5 ot .6 versus .2 or .3 as noted in Table E.2).
»Again, predicﬁions were developed from this regression equation
~and are contained in Table E.6. The open water task condition had
more consistent measures of vertical standard deviation, with none
of the numbers being smaller than 2.9° and only one condition being
greater than 6°. Whereas during the limited access water condition,
four of the task situations had a small standard deviation below 3°,
and six of the conditions.are greater than 6°. Although this 3°
and 6° cut-off criteria were arbitrarily selected, they are used as
indications of small and large vertical scanning pétterns.

In summary, the regressions developed resulted in lengthy equations
wﬁich had high R-Squares (all except one was above .75). An overview
of Table E.2 indicates that the main effects were significant in
many of the equations. Since maﬁy-quadratic effects were significant;

future research should continue with three levels.
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