


Netther Air Use Nor Oxygen Consumption Measured
Yee reported that larger fins reduce air consumption,
vet air or oxygen consumption was not measured in the
study. Yee counted air bubbles on a video screen to
determine how often divers
were observed breathing.
Number of breaths per
minute, volume of air
respirated and amount of
oxygen absorbed are three
different measurements of
respiration, however.
Divers care about the vol-
ume of air consumed and
the amount of oxygen uti-
lized, neither of which was
measured by Yee. He only
measured breathing fre-
quency, which is not neces-
sarily related to diver efficiency. Consequently, his con-
clusion that large fins reduce air consumption is not valid.

Heart Rate Increases Not Linked to Fins

Yee based his heart rate conclusions (that fins produc-
ing higher heart rates were less “effective™ on the results
of his underwater ergometer exercise tests. Basically,
divers were strapped to an immovable device sitting on
the bottom of a swimming pool where they tried to

A perception problem does
seem to come from
experienced divers and
instructors who have
been trained to adapt
their kick to other fins...
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produce a given amount of force by kicking against the
device while receiving visual feedback to adjust their
efforts.

Although heart rate is generally a good measurement of
work load, Yee did not ex-
amine thelink between the
heart rate increases and
what may have caused
them. Because he did not
look at other variables, like
kick style or diver prefer-
ence, Yee didn't isolate fin
performance from diver
performance. With Force
Fins, thisisacritical issue.

Force Fins are designed
to be used with a swim-
ming-style flutter kick.
This does not pose a prob-
lem for diving education and safety since new divers
naturally want to use this type of kick. A perception
problem does seem to come from experienced divers and
instructors who have been trained to adapt their kick to
other fins, and who must de-train and orient themselves
to using Force Fins. We recommend that experienced
divers test dive Force Fins a minimum of five to ten times
before rendering an opinion about them.

As Ken Loyst (NAUT #2976L) noticed when evaluating

Force Fin as a blcycle in low gear. They are easy to pedal
and allows the rider to go about his merry way. Mean-
while, an experienced, physma}}y fit cyclist speeds by this
un- tramed rider (leaving him in a cloud of dust) and is
able to explore remote places and see things that novices
cannot possibly reach. This is the case for expenenced
divers. We already know how to use our equipment. We
train, we stay in shape and we select our fins to reflect
this.

However, th blcycle exarmple serves ¢ as an important
reminder. A cyelist has the luxury of. choosmg his gears
durmg a ride: A diver, unfartunately, is stuek in one

“gear.” With the possﬁ)le exception of Wenoka’s Reeflex
fin, no fin on the market today can radlcaily change its
performance characteristies. ~As instructors and dive
store operators, we need to remember this when we help
students select their equipment — equlpment that suits
the diver’s needs, a.;’a gear that they should not immedi-
ately outgrow.

Authﬂr 5 Nate

Evaluationof Dwzng F in Deszgn and Performance was to

study a variety of fins and identify the priniary architec-

tural characteristics that determine propulsiveefficiency,
‘here efficiency was defined by measurable physical and

physiological changes. These parametersinchuded heart

rate, respnatmn rate, stroke frequency and maximal
sprint Veloczty

Under no circumstances should the tise of any of the
aforementioned fins in this or any of my previous
articles be construed as an endorsement for or against
said ﬁns
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fins for Discover Diving magazine, “..those fin testers
who had not been trained in fin use overwhelmingly (8 out
of 10) preferred Force Fins over any other fin tested.
However, Force Fins were not generally the fin of choice
for experienced fin testers, who had conditioned them-
selves to using other fins.”

By observing Yee’s study’s videotapes, we know that the
subjects -— mostly experienced divers and instructors —
used what may be called a “dragdominated” kick when
kicking with Force Fins (see Figure 1). This is a deep,
pushing-water-backward type kick thatbringsthediver’s
fir. iade as close to 90 degrees from the body’s line of
motion as s/he has the leg strength and flexibility to
reach. The fin is then pushed down and against the water
to provide forward propulsion.

However, Force Fins are designed to be used with a
“flapping-style” kick that requires a shallow, quick mo-
tion. With this low-load/high-cadence kick, the fin blade
remains roughly within a 24" to 36" total range of motion.

Moving the leg and foot significantly beyond this opti-
mum range, as Yee's subjects did, increases the drag
forces and reduces the propulsive forces generated by the
fin. Therefore, all the heart-elevating work Yee’s subjects
did with Force Fins outside this shallow range of motion
was contrary to the manufacturer’s instructions and was
basically wasted energy.

That the subjects’ heart ratesincreased when kicking at
higher loads with Force Fins is more likely the result of

the fact that they were not properly adapted to using the
Force Fin® with its specific kicking style.

Using a streamlined kick becomes even more important
when confronting a current in open water, as opposed to
being strapped down on the bottom of a swimming pool.
A deep, drag-dominated kick catches the current like a
sail, creating a potential safety concern as the drag forces
a diver must work to overcome are increased by the fin
blade orientation itself.

Sprint Velocity Irrelevant to Diving

Yee claimed that larger fins were significantly faster
than smaller models. So what? Testing diverson how fast
they can kick for 25 yards is irrelevant.

Sprintingis an “anaerobic” effort that is appropriate for
shorts bursts of energy and cannot be maintained, even
by Olympic champions, for more than a minute or so.
(Yee's subjects averaged about 16 seconds.)

Of course bigger fins will help you go faster in a 25-yard
sprint, but at what cost? Thelarger the surface area of the
fin, the more effort is needed and the more diver energy
isrequired. It'slike trying to pedal a bicycle that’s geared
too high (lower RPM, harder gear). Every experienced
cyclist knows that pushing against big, slow-turning
gears is much more difficult and inefficient than “spin-
ning” lower, easier gears at higher RPM. Kicking with
large fins is the underwater equivalent of riding a bike
geared too high.

In scientific fields, researchers rely on peer-review
journals to rigorously determine the validity and reli-
ability of investigative studies. Unfortunately, this can
be a slow and difficult process to present relevant
information on a subject. Because of this, a number of
other channels exist from which topics are able to be
discussed in a more timely manner. However, this
should not mean that researchers should ignore the
rigors learned in investigative theory when using an-
other medium.

Realizing that the most available information sources
to recreational divers are not scientific journals, some
leeway must be granted in the nature of the research
presented within these mediums. However, if well
beyond the allowable “gray area,” divers may be misled
by conclusions that cannot be supported by the data. In
review of “An Evaluation of Diving Fins Revisited,”
Sources, May/June 1993, clarifications need to be made
in light of both popular diving and proper statistical
analyses.

Previous investigations into fin designs have tried to
determine which fin is the “best.” Similarly, the inves-
tigation from which the article was based appeared to
also be trying to determine this. In the synopsis printed
in Sources,the author concluded that “fin-blade surface
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area appears to be the primary architectural feature
determining overall performance in diving fins.” Al-
though this conclusion may be later found to be true, it
cannot be statistically supported from the investigation
conducted. For this to be concluded, comparison of other
fin characteristics (i.e., flexibility, material, venting, etc.)
needed to be fully compared using stepwise linear regres-
sion on a given variable (ex. velocity). Then, not only could
the determination of the most critical factor in fin design
be stated, but the relative importance of the other fin
characteristics could have been discovered as well.

Stated in the article is that the most powerful argument
for “the superiority of larger fin surface areas” comes from
the test of the underwater swim. Ask yourself this, how
many times have you had to swim underwater for 75 feet
while holding your breath (which was how this was done).
I can only imagine finning maximally if, for some unex-
pected reason, needing to go against an extremely strong
current (or to get away from a hungry shark). Instead of
basing fin selection on this, arguments for or against fins
should be made on the basis of practical intensities that
are commonly used by divers.

The descriptive statistics presented (bar graphs) dis-
play many interesting findings. However, again, the
differences found between fins cannot be statistically
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In a strong current situation, as an example, having
large fins that provide you with more short-range velocity
won’t do much good when you quickly exceed your body’s
ability to maintain that kind of anaerobic effort. Rather,
it’s your ability to maintain a continuous, aerobic effort
that will get you out of such a jam. Divers need the ability
to create long-term, sustainable velocity, something that
Force Fins were expressly designed to provide, and some-
thing for which Yee did not test.

Conclusion

I the final analysis, the most important issue is scien-
tific objectivity.

An apparent assumption in this study was that all fins
are basically the same. But Force Fins don't fit the mold.
They'’re different because they are designed to change
shape more than other fins during the kick cycle.

Yee did not do a complete, objective study, testing
different variables to determine the most critical factors
in fin design and letting the chips fall where they may.

The study’s methodology, testing protocols and statisti-
cal analyses are very questionable. Most of Yee’s charac-
teristics, factors or parameters had little to do with fin
efficiency or performance, and some of his conclusions
were not supported by his data, as noted herein. Some
supported conclusions were not relevant to diving.

A 10-year-old pre-production prototype Force Fin® was
used during the tests, where more current models from
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the other companies were evaluated.

We question the validity and rehiability of a study that
used seven subjects to examine four variables at multiple
exercise levels using six different {ins. Twoofthe subjects
were Yee himself and his project supervisor. The ob-
server loses objectivity in such a situation. Thus, for the
most part, the study tested people, rather than fins, and
the difference is enormous.

How adiver moves his/her fins through the water can be
a much more significant factor in the fins’ resulting
performance than the design of the fins. Efficiency and
propulsion are affected by many factors in addition to the
choice of fins, including kicking style, physiological char-
acteristics, and individual preferences.

It1s to our benefit, whether we are divers or instructors,
to educate ourselves by reading all sides of a controversy,
gathering all the information we can, evaluating prod-
ucts thoroughly, and trying to understand innovation,
such as the Force Fin® represents, on its own terms, as
well asin comparison to our current concepts and models.

The authoris a dive industry pioneer whowas originally
certified by the County of Los Angeles in 1966. He was
recently issued an SSI Pro Certification, an honorary
certification given to divers who have logged over 5,000
dives and have made significant contributions to diving
over the past ten years.

supported due to the type of data analysis performed. All
comparisons between fins, as noted by the author, were
conducted using t-tests. Given that t-tests compare only
two items at a time, “Figure 2. Average Heart Rates”
alome would have taken 153 different t-tests to make all
the comparisons. When data like these are used for
multiple comparisons, such as three or more t-tests, a
type of statistical error is introduced that allows for
finding differences that are not actually present. Instead,
to properly examine these data, an analysis of variance
(ANOVA) would have been preferred. Further, statistical
tests should include randomized designs, requiring the
number of suhjects to be far greater than the number of
variables examined. However, in this investigation,
seven subjects were used to examine heart rate, breath-
ing rate, velocity (calculated), and kick frequency at four
exercise levels using six different fins.

This authors’ purpose for writing this review is to
attempt to clarify some of the fallacies currently demon-
strated by diving fin investigations. We are currently
conducting a diving fin investigation, in which we hope to
dissuade some of the myths regarding diving fins, most
notably, the presence of a “best” fin. Results of our
investigation are not available yet, however. Onehypoth-
esis to be put forth is that the best diving fin will not be
based on size alone, but will depend upon the divers
location, dive plan, and also the physiological character-
istics of the diver. If this hypothesis can be supported by
this investigation, there would be the suggestion that

there cannot be an absolute best diving fin for the
recreational diving population, as clearly we are all not
alike. Even if we were, who would want to do the same
dive everyday?
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