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SAFE LOADING OPERATOR STUDY
INTRODUCTORY SUMMARY

The subject of this report is the role of the boat operator in safe loading and loading-related
accidents. The project was broken down into three interrelated subtasks, all of which
were aimed at defining the recreational boat operator's response characteristics towards

overloading and loading-related situations. ¥

An "overloading-related accident" is defined as a capsizing, swamping, or flooding which i

I
involved o boat that was loaded over its capacity limits as listed by the manufacturer on the ﬂ
capacity plate or as determined by an equation (see Subtask I) which can be used to give a

rough estimate of a boat's capacity. Following the definition used by the U.S. Coast Guard

Research and Development Center, the term "loading-related accident" will refer to:

Accidents which are related to a recreational boat's stability, freeboard,
capacity, and 'motions' characteristics. 'Motions’ is defined as a boat's
performance while drifting, proceeding on a straight course at moderate
speed, slow speed maneuvering or undergoing changes in throttle (on/off
plane) or direction in such a manner as to cause suspicion of the boat's
ability to react properly to the imposed maneuver.

The first subtask concerned capacity plates ond their effectiveness in preventing overloading-
related accidents. This subtask was divided into two interrelated studies. The first study was
concerned with determining what percentage of boats involved in overloading-related accidents
were equipped with capacity plates. The second study involved telephone interviews with

boat operators from the general boating population. This data was used to determine the

operator's awareness of the capacity limits of their boats.

Based upon the available data, capacity plates have no significant affect on the probability
that a boat will be involved in an overloading-related accident. Since there were a large
number of "unknown" data within our sample, the result is tentative ot best. There are many
factors which may contribute to the apparent lack of effectiveness of capacity |labels. Further

research is needed in order to determine how these factors affect capacity plate effectiveness.

I Reference 2 of Subtask 11




The second subtask identified the causes of loading=related accidents and indicated problem
areas in which educational programs may help. The first part of this report concerns the
causes of loading-related accidents and the role of the operator in the cccident situation.
The data provided some evidence that operators who have taken a boating safety course are
less likely to have loading-related accidents than operators who have not taken a course.
The data also indicated that loading-related accidents are more likely to be initiated by a

load shift (more specifically, by the action of someone standing up) than any other initiator.
]

A review of existing educational programs was conducted. Their content was compared to
that of typical accident scenarios. The results suggested that more emphasis should be given
to safety on the water rather than seamanship and courtesy. More emphasis also needs to be
placed on small boats (under 16 ft (4.9 m)), since the operators of such craft are often

inexperienced.

The third subtask is concerned with determining if there are any characteristics of operators of
a certain line of small craft (Boston Whaler was chosen for this study) that could be responsible
for the sofety record of that line of small craft. Operators of Boston Whalers and operators

from the general boating population (obtained from the Nationwide Boating Survey? were

interviewed by telephone over a six week period. Both groups, consisting of 100 operators

each, were asked questions concerning their:

® general boating knowledge,

. boating experience,

® awareness of safe boating practices, and A
° knowledge concerning capacity information and what it means ,

Boston Whaler operators were more aware of safety and had more knowledge of boats than the

sample of the genercl boating population.

2 Reference 1 of Subtask I.




SUBTASK I — CAPACITY PLATE AWARENESS STUDY

1.0 INTRODUCTION AND SUMMARY

The subject of this subtask is capacity plates and their effectiveness in preventing overloading~
related accidents. An overloading-related accident is defined as any accident coded as a
capsizing, swamping, or flooding which involved a boat that was loaded over its capacity
limits as defined by the manufacturer on the capacity plate or as defined by the equation (see

Section 2.0 of this report) which can be used to give a rough estimate of a boat's capacity .

This subtask is divided into two interrelated elements. The first element is concerned with
determining what percentage of boats involved in overloading-related accidents was equipped

with capacity plates. The second element measures the boat operator's awareness of the

capacity limits of his boat.

Three main categories of accidents define overloading-related accidents: 1) capsizings,

2) swampings, and 3) floodings. These may be further divided into the following groups:

) Swamping (due to large wave or wake; no prior flooding),
° Capsizing (with no water prior to capsizing incident),

° Capsizing due to flooding/swamping, and

° Sinking due to swamping (flooding).

For the first subtask element, boats involved in overloading-related accidents in 1973 and 1974

were divided into three categories:

° Boats which should have had labels (boats built during and after 1973 which
were less than 20 ft (6.1 m) in overall length),

° Boats which probably didn't have labels (boats built before 1973 and boats
over 20 ft (6.1 m) long, and

° Unknown (year or length unknown).

The manufacturers of the boats involved in these accidents which were built before 1973 and

less than 20 ft (6.1 m) long were contacted to determine whether the boats had capacity

-1
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plates. The percentage of those boats involved in overloading-related accidents which
carried capacity labels was then calculated. Statistics were obtained from the Nationwide
Boating Suvey (Reference 1) and the boating industry to determine the percentage of total
boats under 20 ft (6.1 m) in existence which have capacity labels. The percentage of labeled
boats involved in overloading-related accidents was compared to the percentage of labeled
boats in existence to determine if fewer boats involved in accidents had plates than in the

population. This was done with two different estimates of the population percentage .

The second element involved a telephone survey of 100 boat operators obtained from the

Nationwide Boating Survey. They were asked questions pertaining to themselves and their

boats. Among the questions were:

. Are you aware that your boat has a capacity limit?

) Does your boat have a capacity plate or label?

. Are you aware of what the plate says?

® What does that information mean to you?

® What would your reaction be to social pressure to exceed the capacity limit?

Section 2.0 describes the methods used to obtain the data for the first subtask element and
presents the data concerning overloading-related accidents. Section 3.0 presents the pertinent

questions and results of the capacity plate awareness study . This is followed by Section 4.0,

"Conclusions and Recommendations", Appendix I-A, the Survey Questionncire, Appendix [-8,

Correlation Computations, and Appendix 1-C, Compilation of Remaining Questions,

= ’.."i‘ .
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2.0 OVERLOADING DETERMINATION

A review of 1973 and 1974 BARs was made and data collected on all overloading-related
accidents. When available, the capacity information was taken from the capacity plate and
used to determine whether the boat was overloaded. When this information was not available,

overloaded boats were determined using the following equation:

Integer [Lengfh é Becm] = The maximum number of people the boat can carry

The equation generates an estimate of the persons capacity of a boat, and was not intended

to be as accurate as current measurement methods. A correlation was run to determine whether
this equation was a good estimate for determining the maximum persons capacity. The
compliance test capacities (determined by tests conducted at Wyle) for 159 boats (boats include
bass boats, johnboats, runabouts, and dinghies) were compared to the capacities determined

by the equation.

The correlation (r = 0.85) was statistically significant and indicates that the equation is good
enough to estimate maximum persons capacity for certain types of boats. (See Appendix [-B

for the correlations for all types of boats and their meaning.)

A total of 243 BAR questionnaires (136 from 1973 and 107 from 1974) were reviewed and the
relevant information concerning the boat involved was extracted. The information taken

from these reports was: 1) length of boat, 2) manufacturer, and 3) year.

Since most of the BARs did not contain these three important pieces of information, only
eighty-two (82) of the BAR questionnaires could be used, i.e., only 33.7% of the BARs

contained data concerning the year, length and manufacture of the boat.

The next step was to determine when the manufacturers of these boats involved in overloading-
related accidents began attaching capacity plates. This was done by contacting the manu=

facturers by telephone. A total of forty-seven boat manufacturers were contacted.

The group of eighty-two boats was divided into two categories: 1) those with capacity plates and

2) those without capacity plates. The percentage of Icbeled boats within this group was then

-3
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determined. Next, the labeled boats were treated as ¢ percentage of the total number of
boats involved in loading-related accidents in 1973 and 1974, The breckdown of this data

is shown in Table I-1.

The true proportion of labeled boats in overloading-related accidents may lie anywhere from
26% (if all unknowns are assumed not to have plates) to 92% (if all unknowns are assumed to

have plates).

TABLE [-1. 1973 AND 1974 OVERLOADING-RELATED ACCIDENTS

Category Number of Boats Percentage
With Capacity Plate 63 77 %
Without Capacity Plate 19 23%
Total for Known Boats 82 100%
With Capacity Plate 63 26%
Without Capacity Plate + Unknowns 180 74%
Total for Known and Unknown 243 100
With Capacity Plete + Unknowns 224 92%
Without Capacity Plate 19 8%
Total for Known and Unknown 243 100°%

Using the statistics from the Nationwide Boating Survey, the total number of recreational boats

in existence was estimated (this total excludes inboards, inboard/outdrives, sailboats, canoes,

and boats classified as "other"). Since the Nationwide Boating Survey was taken during 1974,

it did not contain the total number of boats for 1974; therefore, an estimate of the boats

* for that year had to be made. This was found by first calculating the percentage that the num-

-

ber of boats manufactured each year decreased from 1971 to 1972 and from 1972 to 1973. Then b

the mean percentage was calculated. The 1973 total (second column in Table [-2) was multiplied
by this mean percentage and the product subttacted from the 1973 boat totals. Table [-2 shows
the breakdown, by age, of all recreational boats (including those greater than 20 ft (6.1 m))

starting with boats manufactured in 1974 (cs estimated cbove).

: =
— v
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The boats were then divided into three groups: 1) boats built before 1965, 2) boats built
between 19565 and 1972, and 3) boats built after 1973. This division was chosen because the

[-4




TABLE I-2. TOTAL NUMBER OF RECREATIONAL BOATS IN UNITED STATES'

Age of Boats

(Years) Total
1 (1974 boats) 385,678
2 450,575
3 539,758
4 583,466
5 490,097
6- 8 1,291,136
9 -1 960,906
12 - 16 684,129
17 - 21 302,057
Over 21 339,317
Total 6,028,119

' Nationwide Boating Survey

low requiring o copacity plate on boats did not apply to those boats built before November,
1972. Also, in 1965, the Boating Industry Association began a certification program for its
members. Therefore, a certain percentage of the boats built between 1965 and 1972 mcy
have had capacity plates. Table [-3 presents the data for the three groups mentioned above.

TABLE [-3. TOTAL NUMBER OF RECREATIONAL BOATS

Year Total
Before 1965 1,646,805
Between 1965 and 1972 3,545,061
1973 ond 1974 836,253

Of course, the boats less than 20 ft (6.1 m) built ofter November, 1972, shou!d all have plates.
How many of the boats built between 1965 and 1972 have plates?

Out of the 100 boats used in the Nationwide Boating Survey telephone survey, 63 of the boats
were built between 1965 and 1972, Of these 63, 43 or 68.3% of the boats had capacity

plates. This percentage (called "Survey Pct."” below) could be multiplied by the number of

boats between 1965 and 1972 in Table 1-3 and used in the formula in Figure I-1 to compute

the total number of boats built after 1965 which had plates.
=5




;:lelc:_l;; ‘guilf Boats Built Boats Built
Affer 1965 = in 1973 + Between X Survey Pct,
With Plates and 1974 1965 ond 1972

= 836,253 + 3,545,061 (.683)

= 836,253 + 2,421,276

= 3,257 ,52%

= 74.4% of total population from 1965 to 1974

FIGURE I-1. POPULATION CAPACITY PLATES COMPUTATION

Thus, the data indicate that approximately 75% of the boats built between 1965 and 1974,

inclusive, have capacity plates.

In the 82 boats in the accident sample, 14 boats were built in 1973-74, and 13 of those had
plates. The other one was a sailboat. Of the remaining 68 boats, the survey percentage

indicates that we can expect 68.3% to have plates. Thus, the expected frequency of boats

with plates in our sample is 13 + 68(0.683) = 59, If the plates were preventing overloading-
related accidents, then the percentage of boats with plates in accidents should be lower than
the expected percentage from the population, and the resulting corrected X2 should be signi-
ficant. The X2 statistic (X2 =0.74, df =1, p>9.25) indicates that there was no statistically
reliable difference between the number of boats with plates in overloading=related accidents
and the number with plates in the boct populction built after 1965, A X% analysis also indi-
cates that the population of boats in the accidents was not statistically different from the

overall population in terms of the number of boats built prior to or after 1973 (X2 =0.17,

df =1, >0.50).

BAR's

Observed Expected

Frequency Frequency
With
Plates = 59

Without
Plates he X
82 82

o ——




A second means of estimating the percentage of the population of boats that have plates is to
use the percentage in the telephone sample as the estimate, A comparison was made be-hveen
the total number of labeled boats involved in overloading-related accidents to the total
number of labeled boats from the awareness questionnaire. The first example used only those
boats from the awareness questionnaire built after 1965, This comparison includes all boats
built prior to and after 1965. A X 2 test was used to determine if there was any association

between capacity plates and overloading-related accidents. The computations for X % are

as follow:
Telephone Survey BAR's
With 67 63 130
Plates 69.77) ' 60.23)
Without 28 ' 19 47
Plates (25.23) 21.77)
95 82 177

As before, the X? analysis (X =0.60, df =1, p>0.25) indicated that there was no association
between overloading~related accidents and capacity plates. Because of the number of unknowns

(180), the result should be regarded as tentative.

A third means of estimating the population of boc -+ “:at have capacity plates is to use BIA
figures. Since 1965, the BIA has had a certification program. The members, who were certi=
fied under this program were required to display a capacity plate on their boats. The BIA
estimates of how many boats are made by members in their certification program are very close
to the 68% of the boats in our survey that have capacity plates. Thus, a new X? test is not

needed, since it would replicate the one on page [-6.

1=7




3.0 CAPACITY PLATE QUESTIONNAIRE AND DATA

To determine if boat owners were aware of their boats' capacity limits, o telephone interview
was conducted over a three week period. From this survey, data were obtained from 100 boat |
|

owners. The telephone numbers were taken from the Nationwide Boating Survey. The tele-

phone numbers were selected randomly from those people that owned a boat in 1973, The
requirements of the survey were: (1) the person must still own a boat, and (2) the boat must
have been used in the last two years. The second requirements was used because the question=
naire had to do with usage of the boat, and it was felt that if the operator had not used his

i
boat for two years, then he would not remember details needed for the survey. ;

The survey contained questions which provided information about the boat operator and his

awareness of his boat's capacity limits. See Appendix [-A for the complete survey. j
i
k

The first questions concerned the boat operator and his background. The data are shown in

Teble 1-4.,

TABLE I-4. BOAT OPERATORS BY AGE, INSTRUCTION, AND EXPERIENCE

Age Instruction Experience * ‘

Mean Age ~ 45 years Yes — 18% Under 20 hours — 5% ‘
Median — 44 years No — 82% 20 to 100 hours — 19%

101 to 500 hours — 41% .

501 hours or over — 35%

* Experience is defined as the total number of boat operating hours.

The results of six questions concerning capacity information and the operator's understanding
of capacity limits are summarized below:
(n Are you aware that your boat has a capacity limit?

Yes — 93%
No — 7%




™

(2) Does your boat have capacity information such as a label or plate on it?
Yes — 67%
No — 28%
Don't Know — 5%

(3) Do you know what information is given on the capacity plate? *

Yes — 78%
No — 22%

* This percentage is based on the number of "yes" answers to No. 2 above.

What is the capacity limit given for:

1) Persons (this may be given in no. of people or pound

2) Horsepower
3) Persons, motor and gear maximum capacity

If an operator was not able to give at least one detailed answer on the copacity limit
for persons, horsepower, or maximum capacity, his answer for question (3) was tabula-
ted as @ "no." Of those people who were asked question (3), 48% mentioned a
persons capacity, 51% gave a horsepower limit, and 48% gave a capacity for persons,

motor, and gear.

(4) What does capacity information mean to you?

a)  The maximum weight or number of people the boat can carry: 53°%

b)  Comment cbout capacity being a safety feature: 31%
¢) Don't know: 16%

(5) Have you ever loaded your boat beyond its capacity limit?

a) Yes — 10%
b) No — 90%




Social pressure guestion: This was a two=-part question - when asked, "How
would you react if you discovered that you had more potential passengers for
an outing than the capacity limit of your boat?", boat owners replied:

a)
b)

Wouldn't overload, make more than one trip, leave someone
behind, or not go: 95%

Depend on the water conditions: 5%

The second part of the question was asked of those who answered that it would
depend on the conditions. The question placed the boater in a hypothetical

situation (see Appendix [-A, Question 18) and asked what he would do. The

situation posed is that a party of eight plus gear (fishing and skiing) and food

must be put in one boat rather than divided between two boats, as planned.

When placed in the situation all respondents answered that they would not
take all the people at once.
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4.0 DISCUSSION OF RESULTS

Based upon the available data, capacity plates have no significant effect on the probability

that a boat will be involved in an overloading-related accident. However, since there was a
large number of "unknown" data within our sample, the conclusion stated above might be
different if these data were available. There is no reason to believe that the proportion of

boats within this subsample (unknown data) with capacity plates is similar to that of the "known"
subsample . Indeed, depending upon the proportion in the unknowns, our estimation of the per=~
centage of boats with plates in overloading-related accidents could range from 26% to 92% .
This is critical . Depending upon this result, the evidence could indicate that capacity plates
are preventing accidents, contributing to accidents, or having no effect, Without the deta on
the unknowns, one simply cannot know which is the case. It is possible that many of the unknowns
do not have labels. Good records are kept of boats that are labeled, but few manufacturers keep
track of how many boats they don't label, If this were true, then it may mean that there are
significantly fewer boats with plates in these accidents; i.e., that plates are more effective

than nothing. Does this mean that capacity plates cannot be improved? Of course, the answer
is no. During a telephone survey of nighttime collision victims in 1975 (results in MacNeill,

"Capacity Plate Effectiveness: Pleasure Boats" (Reference 2)), it was found that @ maximum of

only two=thirds of the plates were located such that they were easily read, Some plates were
in glove boxes, under seats, in storage compartments, under dashboards, on bows, etc. No

label, no matter how well it is designed, will be seen if it is in a poor location,

Assuming a good location can be found, the labels themselves can be improved. A lengthy
discussion can be found in Mac Neill's study of the problem. His work concludes that there

are at least eight changes that could be made in capacity plates to improve their design.

The research effort involved in this report raised several questions.

o What causes overloading-related accidents?....People do.
° Do people know what their boat's capacity limit is?....Generally, yes.
. Do they understand what the limit means?




™ Do they know why limits are set?
® Do they care?
The last three questions cannot be adequately answered using a telephone survey technique. i

Proposed future research will be discussed later. !

If the three (including BIA) estimates we computed are used, the indications are that boats

with capacity plates are involved in overloading-related accidents just as often as boats

without plates. There are many factors, in addition to the unknown data, that may contribute

to the apparent lack of effectiveness of capacity labels. Probably the major reason for the

apparent ineffectiveness of labels is that they are often not in a visible location. Another

T E—
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factor may be variations in boat exposure with age. Boats built after 1965 could be used more

often and out for more hours than boats built before 1965. Of the 97 boats involved in over- b
loading-related accidents whose age was known, 74.3% were boats built after 1965, while

only 25.7% were built before 1965, These figures are comparable to the total boat popula=~
tion; 72.7% comprise boats built after 1965, while 27.3% comprise boats built before 1965,
Further research is needed to determine whether boat exposure varies significantly with age.

Other factors which may be involved include: the length of the boat (some lengths are not ‘ t

required to have labels, and are difficult to overload), characteristics of the operators (age,

experience, etc.), and social changes (are more people partaking of leisure activities in

groups nowadays?) .

Of the 100 people surveyed, only 10% admitted to loading their boat beyond its capacity
limit. When these people were put in the hypothetical social pressure situation, 100% said
that they would not let all the people go at one time. Since not overloading is a socially
desirable response, it is possible that overloading behavior is more prevalent than these

figures indicate.

Almost two-thirds of the BARs contained unknowns, while only 5% of the interviews contained
unknowns. If the BARs had contained the relevant information (year and manufacturer), more

definitive conclusions could be drawn.

[-12




5.0 PROPOSED FUTURE RESEARCH

One possible method of reducing overloading of pleasure boats is in the area of education,

such as:
) Buyer information programs which tell potential boat buyers why capacity
limits are set for pleasure croft.
- Dealer motivation programs designed to inform the buyer at the decler level.
° Manufacturer manuals that stress capacity limits.
) Mass media programs in areas where a high percentage of overloading accidents
occur.
To find out more about why operators overload their boats, on=site observations should be

taken in geographical areas where a high percentage of overloading-related accidents occur.
Photographs could be taken of overloaded boats, especially those that are grossly overloaded,
for data analysis purposes. Operators of overloaded boats could be interviewed to find out

why they overload their boats.

New and better-designed capacity plates could be installed on selected boats, and the pros-
pective buyers and new owners of these boats could be monitored to determine their attitudes
and behaviors. These data could be compared to observations of other boaters to determine if

the tendency to overload has been reduced.
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APPENDIX I-A — SURVEY QUESTIONNAIRE

Hello, my name is . I'm working for the U,S, Coast Guard on

a boating safety program. In April 1974, someone in your household gave us information
conceming you and your boat. Do you still own a boat? (If yes, continue with interview.

If not used within last two years, end interview and thank them for their time.)

May [ speak to the person who operates the boat most of the time? (If this person is not
there, find out when it would be convenient to call back and talk to him.) We need to
get some more information which was not obtained at that time concerning you and your
boat. Your answers will be used only to help us prepare data to assess the effectiveness

of capacity plates or capacity information,
NO NAMES WILL BE USED.
The first few questions concern the operator of the boat .

1) What is your age ?
(age)

2) In total, how many hours of boat operating experience do you have ?

Would it be: (read list)

a) under 20 hours

b) 20 to 100 hours
c) 1 to 500 hours
d) 501 or over

(do not read)

e) unknown or don't know
3) Have you ever taken a boating safety course ?
No

Yes (explain)
(what kind)

The next questions will concern your boat.

[-A-1




1a;

4h)

5b)

52)

5d)

é)

Go to
No. 8

What kind of boat do you own?

Length

Manufacturer

Mcodel

What is the age of your boat?

No. of years or year built

Is this the first boat that you have owned?

Yes (go to no. 6)
No

——

How many boats have you owned prior to the one you have now ?

No. of boats

Were these the same type of boat that you now own?

Yes
No

—
———

What types(s) of boat(s) was (were) it (they)?

What type engine do you have on your boat? (check one)

a) Qutboard - Sing'e engine
Twin engine

b) Inhoard - Gas - Single engine
Twin ea3'ne

Diesel - Single engine
Twin engine

¢)  Inboard/Qutboard - Single engine
Twin engine
Jat drive

d) None (go to no. 7) _

1-A-2
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7)

8)

?)

10)

11q)

11b)

What type of propulsion system is used on the boat?

a) Sail S
b) Paddles or oars
What is the total horsepower of the boat?

(If twin engine, combined horsepower)

Who is the manufacturer of the engine?

Name of manufacturer

Don't know

What material(s) is your boat hull made of ?

Fiberglass

Aluminum

Wood

Steel

Canvas

Other (specify)
Don't know

Nt N Nt S

@m0 a0 0o

During the 1974 boating season about how many times a month wes your boat used,

on the average?

No. of times e

Of the boating activities in which the people in your household participated in 1974,
what percent of the total boating time was spent:

(read list)

Pleasure cruising
Water skiing
Recreational fishing
Hunting

Racing

Commercial use

Skin diving or scuba diving

Sailing

Other (specify)

e it
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12)

13q)

13b)

14q)

14b)

14d)

15)

On the average, about how many persons, including the operator, were carried aboard
your boat on a normal outing in 197472

No. of people

Are you aware that your boat has a capacity limit?

Can you tell just by the way the boat sits or handles in the water if it is overloaded?

Yes

No

Does your boat have capacity information such os a label or plate on it?

Yes

No (go to no. 15)

Don't know Bk (go to no. 15)

Where is the plate located?

Location of plate

Do you know what information is given on the caopacity plate?

Yes

No  (go to no. 15)

What is the capacity limit given for:

1) Persens (this may be given in no. of people or poundage)

2) Hersepower

3) Persons, motor and gear maximum capacity

What does capacity informction mean to you?

[-A-4




16a)

16b)

17)

18)

o

Have you ever loaded your boot beyond its capacity limit?
No (go to no, 17)
Yes

What were the circumstances in *his situation ?**

* %

If the circumstances are such that he/she does it all the time and it is a social
situation, do not ask Question 17,

How would you react if you discovered that you had more potential passengers for

an outing than the capacity limit of your boat?

(Social pressure sifucﬁon)- [ would like to place you in a hypothetical situation to

find out what you would do? Please answer as best you can,

Suppose that you and a number of friends and relatives have planned an outing for the
weekend, The schedule includes picnicing, skiing, fishing and camping. Two boats
are to be used, yours and someone else's, According to plan, you and seven members
of the party meet at the launch site, but the person with the other boct fails to show

up at the scheduled time,

Now the area where the picnic is going to be is accessible only by boat and is
approximately 16 miles from the launch site, You and your party have all the food,

the skiing equipment and the fishing gear,

You plan to take some of the members to the area, then come back and pick up the
rest of the party, but they don't want to do that, The other people want to go all

ot the same time. [f you take all the people at one time, you will be overloading

your boat,

[-A=5
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194q)

19b)

20q)

20b)

Would you take all of the people at once?

Was anyone in your household involved in an accident of any kind while operating
a boat in the last five years?

Yes (go to no. 1%9b)
No (go to no. 22)

Don't know

Describe the accident?

(Get person to give information on time, weather, water conditions, where it
occurred, how it happened, etc.)

If the accident was a copsizing or swamping, go to Question 20a.

If it is another type of accident, go to Question 21a,

How many people, including the operator, were cboard the boat at the time of the
accident?

No. of people

How much equipment was aboard the boat at the time of the accident?

Weight in lbs

[-A-6




21aq)

21b)

2l¢)

214d)

3
3

How many people wound up in the water? (If none go to no. 22)

When PFD
Secured

¥ of People
Holding Or

Person * Age Sex Wearing PFD

‘ — — —

2 s bl o

3 = s s

4 i ol s

g il By sl

6 = L e
* If more than &, use back of page.
Code: Age: Adult (A) 20 or over

Teenager (T) 13-19
Child (C) 0-12

Sex: Male (M)
Female (F)

Holding (H)
Wearing(W)

When secured:

Before in water (B)

(Place appropriate letter in blank)

How many had life preservers or some flotation device? (If none go to No. 22)

¥ of people.

After in water (A)

Can you tell me how many people were wearing them or holding them?

When did each of those using a life preserver put it on or grab it?

[-A-7
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2le)

21f)

22)

73)

After the accident, was the boat or any part of it floating?
Yes
No (Go to No. 22)

Did anyone hold on to it? For how long? What happened?

When you go out in the boat, what do you do with your life jackets?

(Ask if PFD's not worn) What kind of situation would induce you to wear a life jecket
or tell the other people on the boct to wear life jackets? (Get example.)

The next few questions do not cpply to boating, but to automobile operation,

244)

24b)

in the last five years have you had any acutomobile accidents?

Yes _ (go to no. 24b)

No (go to end of interview)

How many?

No. of accidents

[-A-8

SO————




Thank you very much for your cooperation.

Now for verification purposes, I did reach you by dialing:

(Area Code) " (Phone Number)

Thank you very much.

Interviewer

Date

1-A=9/10




APPENDIX [-B

CORRELATIONS

Percent of

Variance

Accounted
Boat Types Correlations  Sample Size Significance For
All r=0.85 N =159 t =20.22, df =157, p<0.001 72
Type 1 - Bass Boat r=0.87 31 t =9.50, df =29, p<0.001 76
Type 2 - Johnboat r=0,9 13 t =11.37, df =11, p<0.001 92
Type 3 = V Runabout r=0.65 42 t =5.41, df =40, p<0.001 42
Type 4 = W Runabout r =0.80 58 t =9.98, df =56, p<0.001 64
Type 5 - Cabin none possible ] — i
Type 9 = Dinghy ¢r=0.52 6 t=1.22,df =4, p>0.10 27
Type 10 = V Johnboat* r=0.73 8 t =2.62, df =6, p<0.05 53

* Semi-V, lightweight boat

Thus, all of the correlations are significantly different from P=0 except for dinghys. Thus,
the use of the formula in Section 2.0 to determine whether or not a boat was overloaded is not
unreasonable . However, the formula was used for research purposes and this is not to be con=
fused with complicnce testing. In compliance testing, the problem is more like that of quality
control, and the capacities are measured more precisely in order to determine the true compli-
ance capacity . Indeed, the formula, although it correlates very highly with compliance test
results, overestimates the compliance capacity for nearly three quarters of the boats tested, as
shown below . Thus, the formula is adequate for research use, but not for compliance testing.
Since it tends to overestimate capacities when it is off, the data concerning the frequencies

of overloading contained in this report may underestimate the true magnitude of the problem,

[-B-1




Number of boats where the formula

Boat Types capacity > compliance capacity
All boats 116
Type 1 - Bass Boat 24
Type 2 - Johnboat 13
Type 3 = V Runabout 32
Type 4 = W Runabout 35
Type 5 - Cabin

Type 9 - Dinghy
Type 10 - V Johnboat*

* Semi-V, lightweight boat
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APPENDIX I-C
COMPILATION OF REMAINING QUESTIONS

 O8 Length of boat.

Mean 15 ft
‘ Mode 14 ft
25 Age of boat.
Mean 7 .49 years
Mode 6.00 years
3. Is this the first boat that you have owned?
Yes 32%
No 68%
4, How many boats have you ever owned?
I Median 2.78
’ Mode 1.00
‘ Mean 3.22
l : 3. Were these the same type of boat that you now own?
; Yes 42.6% {29)
| No 57 .4% (39)
6. What type engine do you have on your boat?
Outboard
Single 95%
Twin 2%
Manual 3%
7 What is the total horsepower of the boat ?
Mean 36 hp
Mode 10 hp
8. What material(s) is your boat hull made of ?
Fiberglass 40%
Aluminum 48%
Wood 12%

[-C-1




10.

1.

During the 1974 boating season, about how many times @ month was your boat used,
on the average ?

-—

Mean e
Mode 2.0

Boating activities - percent of the total boating time (mean percentage).

Pleasure cruising 56%
Water skiing 45%
Recreational fishing 82%
Other 25%

Number of people carried aboard boat on normal outing.

Mean 2.87
Mode 2.00

Was anyone in your household involved in an accident of any kind while operating
a boat in the last five years?

Yes 0%
No 100%

PFD usage — two questions: What do you do with your life jackets when in the boat,
and whet kind of situation would induce you to wear a life jacket?

Wears them all the time 28%
Uses cushions 11%
Wears only in rough water 39%
Makes children and non=-swimmers

wear them 22%

In the lost five years, have you had any cutomobile accidenrs?

Yes 0%
No 100%

[-C-2




SUBTASK Il — EDUCATION STUDY
1.0 INTRODUCTION
The main purposes of this subtask were to:

° identify causes of loading-related accidents, conditions associated with an
accident, and characteristics of the accident victims and their boats,

° identify areas where educational programs could have helped to prevent the
accidents, including those human operator responses which are repeatedly

'k involved in loading-related accidents; and,

° identify areas where two of the current educational program texts deal with

e

loading-related accident causes.

Boating accidents result from a combination of three components: the boat, the environment,
and the operator. This subtask concentrates on the causes of loading-related accidents and

the role that operator education could play in preventing or recovering from these accidents.

The data for this subtask were gathered from several sources: boating accident reports (BARs),

Nationwide Boating Survey (Reference 1), U.S. Coast Guard Auxiliary, and U.S. Power

Squadron educational material. Reports of 261 loading-related accidents from 1969 and 1973
were reviewed and analyzed relative to the objectives outlined above. The data indicated
that operators involved in loading-related accidents are no more or less likely to have hed

H a boating safety course than operators from the general boating population. Operators

who have taken a boating safety course and had a fatal accident tended to have more boat

operoting exposure .




Other results included:

® the most frequent initiator of a loading-related accident is a load shift
(127 accidents compared to the next most frequent initiator, waves, with

72 accidents); many of these accidents involved a person standing up;

) the review of two boating sofety course texts indicated that more
emphasis con be given to safety in smaller craft (under 16 ft (4.9 m))

in those texts; and,

° the operators in loading-related accidents were found to be different in
terms of their age and boating experience: comparisons were made with

the population of operators in the Nationwide Boating Survey.

The findings of the present study are organized into four sections. Section 2.1 discusses the
conditions and events which lead to loading-relcted accidents. The anclysis began by
classifying contributors into two cctegories: (a) pre-accident conditions, or (b) accident ini-
tiators. The relative incidence of conditions and initiators was discussed. The next

section (2.2) reviews the characteristics of the people involved in loading-related accidents
and comparisons are made to the general boating population. Section 2.3 discusses boating
safety instruction and the incidence of loading-related accidents. This is fo!lowed by

Section 3.0 which presents the conclusions of the study .
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2.0 METHOD AND RESULTS

Data for this study resulted from 261 detailed BAR questionnaires conceming loading=-

related accidents selected for study by the USCG R and D Center (Reference 2). The R and

D Center used the following definition of a "loading-related accident': g
|

Accidents which are related to a recreational boat's stability, freeboard,
capacity, and 'motions' characteristics. 'Motions' is defined as a boat's
performance while drifting, proceeding on a straight course at moderate
speed, slow speed maneuvering or undergoing changes in throttle (on/off
plane) or direction in such a manner as to cause suspicion of the boat's
ability to react properly to the imposed maneuver.

The questionnaire data were pulled from 1969 and 1973 BARs of loading-related accidents,
and filled out by personnel at the R and D Center. For this study, these 261 loading-related |

accidents were classified into one of four groups:

—
.

capsizing, :

swamping leading to capsizing,

swamping, or

W N

falls overboard.

The reader will recall from Subtask I that loading-related accidents were defined as all acci~-
dents where the load (amount or distribution) was a factor, while overloading=related accidents

included the subset of loading-related accidents where the boat was [oaded beyond its known

or estimated capacity.

2.1 Characteristics of Loading-Related Accidents

2.1.1 Loading-Related Accidents and Major Accident Variables

The 261 loading-related accidents were categorized to determine what type of accident is the
most frequent, Table [I-1 shows the breckdown of the accidents. According to the 26)
occidents reviewed, the most prevalent loading~related accidents are capsizings (112 accidents

or 42.91%) followed by falls overboard (62 accidents or 23.75%).
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TABLE II-1. FREQUENCIES OF VARIOUS ACCIDENT TYPES
IN A SAMPLE OF 261 LOADING-RELATED ACCIDENTS

ACCIDENTS

ACCIDENT TYPE NUMBER PERCENTAGE :
Capsizing 112 42.91 |
Swamping Leading to 59 22,611 '

Capsizing
Swamping 28 10,73
Falls Overboard 62 23.75
TOTALS 261 100.00

According to CG-357 — 1974 (Reference 3), capsizings (N =788) are the most frequent i
type of loading-related accident followed by falls overboard (N = 362). Thus, the rates of
capsizings and falls overboard in the selected accidents correspond well with the rates in

CG=-357. For more than 15 years, the two dominant types of loading-related accidents have iﬂ

been capsizings and falls overboard.

Table [[-2 shows the frequencies of loading=-related accidents by kind of accident and boat
type. The boat type most often involved in loading-related accidents is lightweight boats
(114 accidents or 43.68% of all accidents). Of the 114 lightweight boats involved in
these accidents, all but one were under 16 ft (4.9 m) in length. The lightweight boats

also accounted for the highest frequency of capsizings (53 accidents or 47.32% of all

capsizings). Runabouts accounted for the highest frequency of falls overboard (25 accidents

or 40.32°% of all falls overboard accidents).




TABLE [I-2. FREQUENCY OF LOADING-RELATED ACCIDENTS
BY ACCIDENT TYPE AND BOAT TYPE
(FROM A SAMPLE OF 261 ACCIDENTS)

N ol

BOAT TYPE
ACCIDENT TYPE CANOE  LIGHTWEIGHT  RUNABOUT  OTHER  UNKNOWN  TOTAL 13
Capsizing
Number 25 53 14 18 2 112
Percent 9.58* 2031 5.36 6.90 0.77 42.91
Swamping Leading {4
to Capsizing 4
Number 2 33 14 10 0 59 4
Percent 0.77 12.64 5.36 3.83 0 22.61
Swamping 5
Number 2 10 9 6 1 28 11
Percent 0.77 3.83 3.45 2.30 0.38 673 ’
Falls QOverboard £
Number 2 18 25 17 0 62
Percent (17 6.90 9.58 6.51 0 23.75 13
Totals e
Number 31 114 62 51 3 261 1
Percent 11.88 43.68 23.75 19.54 s 100.00 L
o | gl |
*Where 9.58 = 267 ° N = 261.
Definitions of Boat Categories: 5

Canoes - Aluminum, fiberglass, or wood

Lightweight - Typically aluminum hull, flat or semi-V bottom with
outboard power

Runabout - Outboard, I/0, inboard, and ski boat

Other - Dinghy, cabin motorboat, rowboat, heavy skiff, and boats {
coded as "other"

i=3
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Data concerning the operation of the boat at the time of the accident are tabulated in
& Table [I-3. This table contains data categorized under the two major loading-related
accident types: 1) capsizing/swamping accidents, and 2) falls overboord accidents. The
table shows the breckdown by number and percentage for each operation according to each :

accident type category and the totals. :

As can be seen from Table I1-3, the highest percentage of capsizing/swamping accidents took
place while the boat was drifting (54 accidents or 27.14%). However, the highest percentage
of falls overbocrd accidents occurred while the boat was operating at normal planing speed

(24 accidents or 38.719%). Falls overboard accidents apparently occurred often while the

boaot was moving relatively fast (normal planing/mode of operation). On the other hand,

capsizing/swampings occurred frequently under conditions where the boat was relatively

immobile (anchored or drifting/mode of operation).

As mentioned previously, CG=357 for 1974 indicates that capsizing/swampings and falls over-
board are major categories of loading-related accidents leading to fatalities. Of the 753
people involved in the 261 sampled accidents, 329 (43.69%) were fatalities. These were
categorized to determine fatalities by kind of accident and boat type. Table II-4 shows

these dota. The highest number of fatalities for this kind of accident were the result of
capsizings (137 fatalities or 41.64% of all fatalities). The most fatalities occurred in

accidents involving lightweight boats (142 fatalities or 43.16% of all fatalities).

Table 114 clso reveals that the fatality deta matches the frequency of accident deta from

Table [[~2 (i.e., the highest number of accidents for falls overboard involved runabouts, and

fotalities from falls overboard most frequently involved runabouts; the highest number of
accidents for capsizings and swampings involved lightweight craft and fatalities from

capsizings and swampings most frequently involved lightweight craft.
2.1.2 Llocding-Related Accidents and Pre=Accident Parameters

In order to evaluate educational programs and loading=related accident causes, a more detailed

analysis was needed. A loading-related accident cause analysis tree was developed as outlined




TABLE II-3. OPERATION OF THE BOAT AT TIME OF ACCIDENT

(FROM A SAMPLE OF 261 ACCIDENTS)

ACCIDENT TYPE

CAPSIZING/SWAMPING FALLS OVERBOARD TOTAL
OPERATION Number Percent Number Percent Number Percent
High Speed 2 1.01* 5 8.06** 7 2.68%**
Normal Planing 15 7.54 24 38.71 39 14.94
Transition (On/O0ff Plane) 7 3.52 1 1.61 8 3.07
Drifting 54 27.14 14 22.58 68 26.05
Rowing or Paddling 31 15.58 3 4.84 34 13.03
Displacement Mode 41 20.60 6 9.68 47 18.01
Anchored 28 14.07 6 9.68 34 13.03
Backing Down 3 1.51 0 0.00 3 1. 15
Other 6 3.02 2 3.23 8 3.07
Unknown 12 6.03 1 1.61 13 4.98
TOTALS 199 100.00 62 100.00 261 100.00
*Where 1.01 = 2=
- 199
oot
**Where 8.06 = &2
S
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below to enable answers to questions such as, "In what kind of conditions do loading-related

accidents occur?" The accidents were grouped according to the following pre-accident

parameters:
° Boat Type
- Under 16 ft (4.9 m)
- Sixteen ft (4.9 m) and over
) Water Conditions

- Choppy - Choppy water (hazardous) was defined as any water condition
marked on the BARs as "choppy, " "rough, " "very rough," or "strong
current." These categories were given by the people involved in the
accidents when the BARs were filled out.

- Calm water (non-hazardous)

® Load Amount

Load amount was defined as dependent upon three things: estimation of the

boat's load prior to the accident, estimotion of the copacity of the boat

and the water conditions prior to the time of the accident. Water conditions

were relevant only when the estimations of boat load and boat capacity were

very close (within 75 Ib (34 kg)).

-~ Overloaded: when estimations of the actual boat load and boat
capacity were with 75 |b (34 kg) and the water conditions were
hazardous.

- Not overloaded: when the differences in estimations of the actual
boat load and boat capacity exceeded 75 Ib (34 kg).

® Load Distribution d

Load distribution was defined as a pre=accident condition.
- Bolonced: when there was no specific evidence given in the BAR
that the load distribution was not balanced.

- Unbelanced: when BAR narratives indicated the boat was unbalanced

prior to the accident.




° Resulting Accident Type
- Capsizing
- Swamping Leading to Capsizing
- Swamping

- Falls Overboard

The subsequent analyses were based upon combinations of boat type, water conditions, load
emount, load distribution and accident type (capsizing, swamping leading to capsizing,
swamping and falls overboard). Figures II=1, II-1(a) and [I-1(b) show the frequencies by all
loading-related accidents, capsizing/swamping accidents (capsizing, swamping, and

swamping leading to capsizing), and falls overboard accidents, respectively.

Frequencies at higher nodes of the analysis trees may be greater than the sum of frequencies
at lower nodes because BAR data was incomplete for accidents. In Figure [I-1, the box
lobeled "Accidents" shows 261 total accidents were reviewed; however, only 234 boats
were coded at the next level in the tree, "Boat Type." This is because the boat type was
unknown for the boats involved in 27 accidents and these accidents were dropped from the

tree at this point.

The most frequent pre-accident conditions in loading~related accidents regardless of boat
size were choppy water conditions, not overloaded, and balanced load distribution. The
results were the same for capsizing/swamping accidents, but were slightly different for falls
overboard. Here, the results were the same for the 16 ft (4.9 m) and over group, but for the
under 16 ft (4.9 m) group the most frequent combination was calm, not overloaded, and
balanced. In all these accident types, there were many accidents for the under 16 ft

(4.9 m) group in calm water.
2.1.3 Loading-Related Accidents and Accident Initiators

The previous analyses determined the most frequent pre-accident parameters. The question

arises, "What initiates an accident ?"

-1
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Two separate, yet similcr, fault trees were designed for capsizing/swamping accidents and

falls overboard accidents. The initiators were grouped under four major categories:

® Load Shift

) Wave

) Wake

» Sudden Maneuver

Figures 11-2 and [1-4 summarize capsizing/swamoing and falls overboard accidents according
to accident initiators and boat size (cll boats, boats less than 16 ft (4.9 m), and beats

16 ft (4.9 m) and over). The fault trees in Figures [1-3 and II-5 define the precise accident
initiators for accident categories and for boat length. As in the pre-accident parameter
tree, insufficient data on some BARs prevented coding beyond certain levels in the fault

frees.

As can be seen from Figure 1I~3, the most frequent initiator of capsizing/swampings is a load
shift of some type. The results are similar for the toats less than 16 ft (4.9 m) (Figure 11-3(a)),
but vary considerably for boats 16 ft (4.9 m) in length and larger (Figure 11-3(b)). The most
frequent initiator in the larger boats was waves. Frequent causes of capsizings for all boats

were persons changing positions or leaning over the side.

All of the figures in the [I-5 series show the fault trees for falls cverboard. Overall, load
shifts accounted for 61.29% of the falls overbocrd, with sudden maneuvers accounting for

an additional 16.13%. The load shift accidents often involved people standing or chenging
positions on the boat. These cctivities were undertaken usually in order to work on or start
the motor, urincte, or lean over the side for some reason. The only sudden maneuver leading
to a fell overboard was turning the boct. Often, the operator wes not stending when opercting

the boat and yet he fall overboard.

Of the 48 capsizing/swamping accidents caused by weves, hczerdous weather was ¢ factor
in 26 (38°-) of the accidents. Of the four fcils overboard accidents, two (50°%) were

reloted to hozerdous weather. Table [1-5 shows the breakdown by types of hezardous wecther,

[1-12
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The "storm" category refers to those accidents in which it was known that a storm occurred,

but was not known whether it was a forecasted storm or a sudden storm. A sudden storm is a

storm which was not forecasted; a forecasted storm was forecasted for the day the accident

occurred.
TABLE [I-5. ACCIDENTS CAUSED BY HAZARDOUS WEATHER
FOR THE WAVE ACCIDENT INITIATOR
TYPE OF ACCIDENT TYPE
HAZARDOUS WEATHER CAPSIZING/SWAMPING FALLS OVERBOARD
Storm (Unknown 6 ( 23.08%) 0
whether forecasted)
Sudden Storm 3 ( 11.54%) 1 ( 50.00%)
(not forecasted)
Forecasted Storm 3 (11.54%) 1 ( 50.00%)
Small Craft Warnings 3 ( 11.54%) 0
High Winds 11 { 42.31%) 0
TOTALS 26 (100.00%) 2 (100.00%)

The other factor in the 68 capsizing/swamping accidents caused by waves was hazardous
water such as rapids, breakers, and dam spillway area waters. Eighteen (26°%) of the
capsizing/swamping accidents were initiated by hazardous water (rapids - eight accidents,
breakers - eight accidents, and dam spillway area - two accidents). There were no falls

overboard occurring in hazardous water conditions.
2.1.4 Analyses of Loading=-Related Accident Characteristics

In preceding sections, three types of data were derived from loading~related accidents:

& the action that initiates an accident,
. pre-accident conditions under which accidents take place, and
® sizes of boats involved in accidents.

This section reports the analysis of these data. The actions which initiated loading-related

accidents were categorized in two groups: 1) internal initiators (which included internal
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load shifts and the sudden maneuver categories); and 2) external initiators (which referred to
externally initiated load shifts, waves and wakes). Internal initiators were cited as a cause
of 139 (53%) of all loading-related accidents, while external initiators were cited as a
cause of 104 (409%) of all loading-related accidents. (These figures do not total 100%

because of unknowns.)

These data were used to investigate the association between the initiator of the accident and

boat length. The sample of accidents was classified according to the following variables:

° Accident initiator - internal versus external

® Boat length - under 16 ft (4.9 m) versus 16 ft (4.9 m) and over.

The results showed that there is no reason to expect that boat length (< 16 ft (4.9 m) and
> 16 ft (4.9 m)) had any effect on whether the accident was initiated by internal or external
factors (x?=2.45, df =1, p> 0.05). See Table II-6.

TABLE 1I-6. ACCIDENTS ACCORDING TO BOAT LENGTH
AND ACCIDENT INITIATOR (INTERNAL vs. EXTERNAL)

SIZE INTERNAL EXTERNAL
<16 ft (4.9 m) 97 68
> 16 ft (4.9 m) 25 30

(2 = 2.45, df = 1, p > 0.05)

The data were then examined for an associction between the major accident initictors and

boat length. The sample of accidents was classified according to the following variables:

® Accident initiator = load shift versus all other initiators (wave, wake, and
sudden maneuvers)

° Boat length = under 16 ft (4.9 m) versus 16 ft (4.9 m) end over.

— ———




The results suggest that for boats under 16 ft (4.9 m) a greater proportion of accidents were

initiated by a load shift than far boats 16 ft (4.9 m) and over (X% =4.25, df =1, p< 0.05).
See Table 11-7. In addition, the distribution of accidents in the table tends to imply that
other causes of accidents (waves, wakes, and sudden maneuvers) occur more frequently for

the larger boats.

TABLE 1[-7. ACCIDENTS ACCORDING TO LOAD SHIFT .
AND OTHERS (WAVES, WAKES, AND SUDDEN MANEUVERS) '

SIZE LOAD SHIFT INITIATOR | OTHER INITIATORS*
<16 ft (4.9 m) 89 77
> 16 ft (4.9 m) 20 35

(x2 = 4.25, df = 1, p < 0.05)
* Waves, wakes, sudden maneuvers

[n addition it was observed that 47 accidents (33%) were caused by someone standing up in

the smaller boats; only two accidents (6%) were caused by someone standing up in the larger

boat .

Figure II-1 shown earlier presented the different combinations of water condition, boat size,
load emount, and load distribution for loading-related accidents. Is there an association
between pre-accident conditions and boat length? Fifty percent of the loading-related ac-
cidents occurred in choppy water while 33% occurred in calm water. The classifications

for further analysis of water conditions were as follows:

o Pre-accident parameter - choppy water versus calm water

. Boat length - small boats < 16 ft (4.9 m) versus large bocfsz 16 ft (4.9 m).




TABLE 11-8. ACCIDENTS ACCORDING TO BOAT LENGTH AND WATER CONDITIONS

SIZE CHOPPY CALM $
<16 ft (4.9 m) 90 13 !
> 16 ft (4.9 m) 41 14
(x? = 5.627, df = 1, p < 0.05)
The results showed more accidents occurred in choppy water than in calm water for both boat ;

sizes. In accidents involving small boats, o proportionately smaller number occurred in calm

{
water than for larger boats. The X2 yalue obtained for the overall comparison (x%*=5.627, i

df =1, p< 0.05) was statistically significant. A comparison of the accidents for the

combination of load amount, water conditions, and boat size is presented in Table [I-9.

No legitimate tests of significance could be calculated for this data since comparisons of
water conditions were confounded by the definition of overloaded/not overloaded. Choppy
water conditions (hazardous water) were used in part to estimate whether a boat was over-

loaded or not (see Section 2.1.2). However, the following observations were possible:

TABLE [1~9. ACCIDENTS ACCORPING TO LOAD AMOUNT,
WATER CONDITIONS, AND BOAT SIZE

OVERLOADED NOT OVERLOADED i

BOAT SIZE CHOPPY CALM | CHoPPY CALM ‘k

<16 ft (4.9 m) 25 18 64 53 ]
> 16 ft (4.9 m) 2 1 38 13

There were fewer fotal overloading accidents for boats 16 ft (4.9 m)in

length and over.
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. Considering each boat size category separately, the most accidents occurred

in the not overloaded/choppy conditions.

A comparison of the accidents for the combination of load distribution, water condition, %

and boat size is presented in Table [I-10.

TABLE [I-10. ACCIDENTS ACCORDING TO LOAD DISTRIBUTION, 4
WATER CONDITIONS AND BOAT SIZE I

BALANCED UNBALANCED
BOAT SIZE CHOPPY CALM | CHOPPY CALM
< 16 ft (4.9 m) 65 52 22 19 i
> 16 ft (4.9 m) 37 N 3 2

Observation of the accidents in the table indicated that the load distribution in most boats
was balanced prior to the occurrence of the accident. Two specific comparisons were
made in order to determine the possible associations of load distribution and boat size for
choppy water, and load distribution and boat size for calm water. These comparisons

required separote analyses and ore presented in Tables II-11 and [1-12.

TABLE 1I-11. ACCIDENTS ACCORDING TO LOAD DISTRIBUTION
AND BOAT SIZE FOR CHOPPY WATER

BOAT SIZE BALANCED UNBALANCED
<16 ft (4.9 m) 65 Ze
> 16 ft (4.9 m) 37 3

{((* = 4.416, df = 1, p < 0.05)




Most accidents occurred in the balanced/less than 16 ft (4.9 m) boating category. There
appeared to be very few boats 16 ft (4.9 m) or larger that were involved in accidents where
the boat was not balanced prior to the accident. Chi-square analysis of the table was

statistically significant (X2=4,416, df = 1, pS0.05).

TABLE 1I-12. ACCIDENTS ACCORDING TO LOAD
DISTRIBUTION AND BOAT SIZE FOR CALM WATER

BOAT SIZE BALANCED UNBALANCED
<16 ft (4.9 m) 52 19
> 16 ft (4.9 m) n 2

(x2 = 5.052, df = 1, p < 0.05)

Again, as in the choppy water conditions, most accidents occurred in the balanced/less

than 16 ft (4.9 m) boat size category. Also as in the choppy water condition, very few boats
16 ft or larger were involved in the calm wcter condition. Chi square onalysis of the table
was statistically significant (X2=5.052, df =1, p < 0.05). The small number of boats in
the 16 ft (4.9 m) and over category that were involved in accidents where the load was un=
balanced is not too surprising. It is probably more difficult for an operator to accidentally

overload a larger boat.

According to the Nationwide Boating Survey, there are more than eight million boats:

58.3°~ of these are in the under 16 ft (4,9 m) group, while 41.7% cre in the

16 ft (4.9 m) and over group. Are boats under 16 ft (4.9 m) in length more likely to be
involved in loading-related accidents than boats 16 ft (4.9 m) and over? In the accident
sample, 75.6% of the loading-relcted accidents occurred in smaller boats (where boat size
was recorted); 24, 3% of the loading-related accidents occurred in the larger boats. A
"goodness of fit" X2 test was calculated to determine if there was any statistically significant

difference between the two groups (accident sample and general pooulation). The X2 analysis
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indicated that the accident sample does differ from the proportions given for the general
population (x? =28.947, df =1, p < 0.05).

2.1.5 Summary of Leading-Related Accident Characteristics

The previous analyses point to several arecs of importance, some of which have implications
for boater education. The dota show some influences of water conditions, weather conditions,
boat size, and various accident iniators. Future boater education efforts may be directed to

some of the findings of this project.

]
i
. . . . ‘ 1
The data dealing directly with the accidents concerned three areas: ‘%
|
® Action of boaters that initiate an accident iJ
|
® Pre-accident conditions under which accidents take place Ij
® Sizes of boats involved in accidents. "
|
|

The analyses concerning the actions of boaters that initiate accidents suggest the following ;

outcomes: l
f
® for small boats, boat size tended to be independent of whether the accidents i
were caused by internal or external initiators,
@ loading-related accidents involving small boats seemed to involve a load 1
shift more frequently than accidents involving large boats, and
® a greater number of accidents for small boats were initiated by someone

P

standing up than for large boats.

e

The analyses concerning the conditions in which loading-related accidents occur suggest the

following outcomes:

® for small boats, o larger number of accidents occurred in calm water than -

for large boats,

* small boats cppecred to be more frequently involved in overloading accidents

in choopy water than large boats, and
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° most boats were balanced prior to the occurrence of the accident; small boats

oppeored to be more frequently involved in unbalanced loading accidents

regardless of water conditions.
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