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PADI TEACHING ABOUT DECOMPRESSION
SICKNESSAND HOW TO AVOID IT

Drew Richardson

Summary

The population of recreational scuba diversisat an
all time high, numbering in the millions. This year more
entry level divers will be certified than ever before. The
ability to produce a safe diver relies on the effectiveness of
presenting therisksand how to avoid them to that diver, and
subsequent demonstration by the student of mastery of this
information. This is paramount to the reduction of the
incidence of decompression sickness (DCS) inthefield. In
1990 approximately two-thirdsof the new entry level divers
will be certified by PADI Instructors using an instructional
system. The mechanism and philosophy of transferring
information about decompression sickness, decompression,
dive tables, ascents and computers to students and how
PADI ismeetingtheresponsihility of preparing todaysdiver
to avoid the hazards of DCSinto the 1990'sis outlined.

Introduction

PADI is an international diver training association
with headquartersin the United Statesand local areaoffices
locatedin Australia, Canada, Switzerland, Japan, New Zea-
land, Saudi Arabia, Norway and Sweden. PADI’s 28,000
members teach diving in over 80 countries internationally.

Our goal isto promote the training and education of
thegenera publicinthetechniquesof safescubadiving. To
do this we have established standards for the training of
students in skin and scuba diving from entry level through
the scuba instructor training.

Our methods of diving instruction are based on
progressive training in the classroom, pool and open water.
In 1989 PADI memberstrained and certified approximately
400,000 scuba divers. This represents approximately 70%
of the U.S. market and an estimated 50% of the global
marketplace. 1n 1990 this number is expected to increase.

PADI International believesthat training and educa-
tion are the cornerstones to diver safety. PADI is not
interested in promoting a diving activity that might lie
beyond the borders of safety. Our programs shape the
thoughts, attitudes and behaviour of asignificant portion of
the diving community.

PADI Instructors teach entry level divers with an
instructional system of diver education that is produced in
metric and imperial versionsand istranslated into avariety
of languages e.g.: Dutch, English, French, German, Italian,
Japanese, Spanish and Swedish.
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The ability to produce a safe diver relies, in part, on
the effectiveness of presenting the associated risksof diving
and how to avoid them to that diver, and subsequent demon-
stration by the student of mastery of this information.

In consideration of decompression education, thisis
paramount to the reduction of the incidence of decompres-
sionsicknessinthefield. A presentation of the mechanism
and philosophy utilized intransferringinformation concern-
ing DCS, decompression, dive tables, ascents, and dive
computers to entry level diving students will follow. An
outline of how PADI meets the responsibility of preparing
todays divers to avoid the hazards of decompression sick-
ness will be discussed.

The PADI System of Diver Education

Whenwedesigninstruction and training programsat
PADI Headquarters, many factors are taken into account.
PADI standards and educational materials are based on
considerations of student safety, learning, and enjoyment in
addition to prudent instructor conduct. The safety of the
diving publicisconsideredfirst and foremost. Our goal isto
train individuals who after completion of training have the
skills and confidence to enjoy safe scuba diving without an
instructor present.

Thedesign of the PADI system of education follows
atechnol ogical approach. Instructional technology emerged
from the fields of psychology, neuro-physiology, systems
design and computer science. The U.S. aerospace industry
has used an instructional technology design approach to
educationfor 20yearsbecauseof itsability toteach hightech
skillsefficiently inanenvironment of high costsand govern-
ment accountability.

The technological approach to diver education is a
process of planning instruction in consideration of bringing
forth all the necessary conditions of learning. In education
today, the most modern and effective means for providing
training involves a systems approach. The PADI Modular
Scuba Course, our entry level training system, utilizes this
technological approach to education.

TheModular Scuba Course

Thedesign of theModular ScubaCourseisaobjective
driven using measurable performance regquirements as cri-
teriafor success. Assessmentitemsarederived directly from
theobjectivesand performancerequirements. Theseassess-
ment items constitute our exercises, quizzes, exams and
Knowledge Reviews.

A PADI instructor is a manager of instructional
resources and uses the Modular Scuba Course system,
adapting it to the needs and abilities of the student. Student
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comprehension and mastery of information and motor skills
are consistently measured.

PADI’s educational approach isfounded on the be-
lief that maximizing effectiveinstructionrequiresmorethan
simply dispensing information.

Our systems approach takes into consideration how
peoplelearn and the proper guidance and preparation neces-
sary that will alow virtually anyone with reasonable abili-
tiesto deliver effective instruction. However, theinstructor
must first have ahigh level of diving knowledge and know
how to use this system, in addition to having expertise in
dealing with student problem diagnosis. Our instructor
development training process accomplishes the necessary
development and training of these skills.

The Modular Scuba Course underwent a 10 month
evaluation before receiving recommendation for college
credit by the American Council on Education (ACE). PADI
istheonly diver training agency ever to receivethis prestig-
ious recommendation. ACE recommendation is based on
theeducational validity of our programsand our administra-
tive capability to execute the educationa goals we claim.
We believe the ACE recommendations testify to the high
educational quality PADI programs.

Component Parts

ThePADI Modular ScubaCoursesystemincludesin
part the PADI Open Water Diver Manual, The Open Water

SPUMS Journal Vol 21 No 1 January to March 1991

Diver Course Instructor Guide, Modular Lesson Guides,
Quizzes and Exams, Audiovisua program and the Recrea-
tiona Dive Planner.

The PADI Open Water Diver Student Manual is a
teaching aid that approaches material at the samelevel and
complexity as is discussed in class. It is important to
understand its four unique characteristics.

Thefirst isacontrolled presentation of material. A
carefully planned sequence of stepsleadsthediving student
from a present state of knowledge to predetermined educa-
tional objectives.

The second is an incorporation of managed rein-
forcement. Learningisnot | eft to chance, thelearner actively
participates by continually responding to questions. Imme-
diate instructional feedback and correction is provided.

The third is a self-paced design. The learner can
control reading pace and learning rate. The course is
thereforeableto accommodate studentswith awiderange of
backgrounds.

Thefourth characteristicislearning efficiency. Div-
ing information pertinent only to the obj ectivesis presented.
This programmed instructional approach assuresincreased
student motivation and maximizes learning retention.

The other component partsenrich theinstructionand
combine to form the PADI Learning Pyramid. (Figure 1)
Key divinginformationisreiterated at least 7 different times

FIGURE 1

THE PADI LEARNING PYRAMID

Essential information isreiterated seven different times using a variety of media

Administer Final exam

Review Quiz

| Administer Quiz |

Instructor el aborates

Show Audiovisual in class

Student completes Knowledge Review (at home)

Student reads text and answers exercise questions (at home) |

Maximum effectivenessis achieved only if the entire system is used as designed
TO OMIT A COMPONENT RISKS OMISSION OF ONE OR MORE “LEVELS’ OF THE
PYRAMID
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using avariety of delivery methods. The student will read
about decompression in the manual and complete the exer-
cises in the book. The student will then complete the
Knowledge Review at the end of the chapter. The student
will then seean audiovisual tapereinforcing key points. The
instructor will then deliver alecture with overhead support
elaborating on the concepts of decompression and answer
guestions. The student isthen tested on recall and adminis-
tered a quiz. The quiz is graded and reviewed with the
student. Finally, at the completion of the course, the student
is tested by a final exam to demonstrate mastery of this
information. Advancement from one step to the next is
determined by performance. The student progresses only
when he demonstrates he has met objectives. Certification
isbased on demonstration of meeting all objectives, not how
many hours he sat in class. This sequence assures that no
important objectives or content is omitted while accommo-
dating various student learning styles.

Decompression teaching

How does the Open Water Diver Manua guide
students towards mastery of decompression information ?

The topical section on decompression sickness be-
ginswith clear student objectives that organize the instruc-
tioninto relatively small sequentia stepsasreflected in the
body of thetext. The exercisesthat follow each section are
based on the concepts of practice and reinforcement.

The objectives for decompression sickness an entry
level PADI diver must master are stated in the Open Water
Diver manual asfollows:

“After reading this section on decompression sick-
ness, you will be able to:

1 State the two primary factors that influence the
absorption and elimination of nitrogen in adiver.

2 Name the condition that occurs when established
depth and/or time limits have been exceeded, pro-
ducing bubblesin the body during ascent.

3 List nine secondary factors that can influence the
absorption and elimination of nitrogen from the
body.

4 Identify eight signs and symptoms generally associ-
ated with cases of decompression sickness.

5 Statethe necessary treatment for adiver suspected of
having decompression sickness.

6 Outlinethefirst aid procedure for assisting someone
with decompression sickness.

7 Explain how to prevent decompression sickness.”

The text clearly describes the cause and effect of
decompression sicknessincluding symptoms. For example,
the student is informed that “In the most severe cases (of
DCYS) unconsciousness and death can result”. Perhaps most
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importantly, thestudent must demonstratemastery of knowl-
edge on how to prevent DCS.

Inthetopic section under Dive Tables, theentry level
student ispresented with the following objectivesto master.

“ After reading this introduction on dive tables, you
will be ableto:

1 State the primary use of dive tables.

2 Explain why the maximum limits listed on dive
tables should be avoided.

3 Define repetitive dive.

4 Explain what is meant by no-decompression diving

and decompression diving.

5 Explain why a diver’s body nitrogen level is higher
after arepetitive dive.

6 State one reason why the Recreational Dive Planner
distributed by PADI is different from other dive
tables.

7 Define bottom time.

8 Apply the nine general ruleswhen using the Recrea-
tional Dive Planner.

9 State the maximum depth limitation for all recrea-
tional diving.”

Throughout this section the student is encouraged to
diveconservatively. Anexample, isfoundinthefollowing:

“Be aware that although dive tables give you maxi-
mum limits, you need to dive conservatively, avoiding the
maximum limits. Thisisespecially trueif any of thefactors
that contribute to decompression sickness (vigorous exer-
cise, cold, older age, etc.) apply toyour situation. Takeextra
precautionsto not allow yourself to become dehydrated, for
example, especially after several days of diving. Because
people differ in their susceptibility to decompression sick-
ness, no dive table can guarantee that decompression sick-
nesswill never occur, even though you divewithinthetable
limits. It is always wisest to plan dives well within table
limits, especially if any contributing factors apply.”

This section also encourages an attitude towards
slow ascent with asafety stop at theend of adive. The PADI
S.A.F.E.Diver (Slowly Ascend From Every Dive) philoso-
phy is emphasized throughout. The diver learnsto treat an
ascent rate much likean no decompressionlimiti.e. toavoid
reaching or exceeding it and to ascend slowly and take a
safety stop for 3 minutes at 15 feet or 5 meters.

The specific student objectives for safety stops are:

“ After reading this section on safety stops, you will
be able to:

1 State the depth and time of a safety stop.
2 Explain the purpose of a safety stop.
3 Describe the three recommended situationsin which
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a safety stop should be made.”

Additional information about decompression.

There are many other related areas of discussion
regarding decompressionintheModular ScubaCourse. For
example, dive computers are discussed and the student is
instructed to dive within the computer limits and always
back up the dive plan with atable.

Entry level PADI diversareinformedthat divetables
and computers are mathematical modelsthat approximatea
physiological process and no matter how well designed or
tested, they only approximate how the body absorbs and
eliminatesnitrogen. Diversareal so advisedtoavoid decom-
pression dives.

PADI hasalso adopted astrong position oninsisting
that divers be conservative with regard to multi-day repeti-
tivediving. The following warning appears in the student
manual and onthe Recreational DivePlanner (RDP). “Since
little is presently known about the physiological effects of
multiple dives over multiple days, you are wise to make
fewer dives and limit your exposure toward the end of a
multi- day dive series.”

Rulesfor flying or driving to atitudesafter flying are
also presented and must be mastered by the student.

Therulesof usefor the RDP reflect the conservative
nature of our instructions. Recently, concern for deep
repetitivediving emergedinthescientificcommunity. PADI
has printed the following additional rule on the RDP and
educational materials to discourage this activity. “Limit
repetitive dives to depths less than 100 feet/30 meters.”

Instructor Education

The introduction of the RDP has made two major
contributions:

1 anincreased emphasisfor dive planning and control,
2 a heightened decompression awareness educational
campaign.

PADI haslaunched adecompression education cam-
paign in its educational system as outlined, and also to our
instructor members through our professiona journals and
training materials.

For examplein 1990 we are teaching our instructors
inthe PADI update seriesto heed thefollowinginformation:

A Make sure all of your students know that:
1 Even when tables are adhered to, divers have a
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statistical chanceof contracting decompression sick-
ness due to:
a Biological variability. Each individual on
thisplanet is different, hencethereisagreat deal of
biological variability.
b I mprecise decompression theory knowledge.
In the real world, we actually know little about the
dynamics of decompression; including bubble for-
mation, etc.
C Medical conditions. Just asthereis variabil-
ity between individuals, each individual has some
amount of variability from day to day based on their
medical condition.
d Environmental conditions. Some environ-
mental conditions (like cold water) can contributeto
the likelihood of getting decompression sickness.

2 They can create their own trouble, by ignoring:
a Their training.
b Their table or computer.
c Accepted safety rules.
d Their dive pattern. For example, inappropri-
ate dive patterns include “ Sawtooth Dives’ down,
up, down, up, down, etc. and “Bounce Dives’, mak-
ing ashort deep dive just prior to or just after along
shallow dive.

B Asdiving professionals, we need to foster a greater
awareness of the importance of taking responsibility for
diving intelligently. Divers should be advised that when
diving, DCSis always a possihility.

C To help divers decrease their chances of contracting
DCSwhilemaking repetitivedivesonmulti-day trips. Have
divers:

Stay well withinthelimitsof their table or computer.
When possible, wait 24 hours after adiveto fly.
Limit the depth of their first dive to 130 feet.

Limit repetitive divesto 100 feet or shallower.

Follow S.A.F.E. philosophy: Maintainneutral buoy-

ancy, rise slowly (no faster than 60 feet/min. Treat

thislimit like an NDL) and make a safety stop at 15

feet for 3 to 5 minutes at the end of each dive.

6 Take aday off on day three or four when on amulti-
day divetrip (thisisaDivers Alert Network (DAN)
recommendation).

7 Avoid making deep dives after shallow dives at any
time during the multi-day excursion.

8 Begineach diveat thedeepest level and movesowly
shallower asthe dive progresses (avoid “ saw-tooth”
and “bounce” diving)

9 Heed all rules and warningsfor the RDP, regardless
of the computer or table you use (the rules and
warnings are generic and NOT RDP specific). Fol-
lowing RDPrulesand warningsisawaysimportant.

Conclusion

a b wNPE

Tables 1 (Certification Trends From 1978 To 1987),
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2 (Number Of Fatalities Per Y ear 1970 to 1985) and Figure
2 (University Of Rhode Island Fatality Statistics)present
data serving as an indicator that we are on theright track in
diver safety and education. Interms of reducing the occur-
rence of decompression sickness, the number of reported
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of divers a relatively stable occurrence of DCS may be a
positive sign for the safety of scubadiving.
Decompressionishighly complex. PADI iscommit-
ted to decompression awareness and education. The more
we learn about it the more definitive answers evade us.

TABLE 1

CERTIFICATION TRENDS 1978 - 1987

1978
PADI 70,000
All other agencies 150,000
Total 220,000

cases appearsto stay between 500 and 600 cases reported to
DAN in the USA annually.

While the total number of dives being made is not
known, it is likely to be increasing in proportion to the
number of certificationsissued. However, we can say that
thereareat|east 1,200,000 divesannually. Thisiscalculated
by multiplying 300,000 new divers in the U.S. by the
required 4 training dives giving a minimum of 1,200,000
dives. Assuming that thereis no other diving of any kind,
that isexcluding active divers, thisgivesaworst case DCY
diveincidence of 0.05%. Inview of theincreasing number

TABLE 2
NUMBER OF FATALITIESPER YEAR 1970 - 1985
Data on non-occupational scuba diving fatalities compiled

by the University of Rhode Island National Underwater
Accident Data Center Underwater Safety Project.

Y ear Number of fatalities
1970 110
1971 112
1972 119
1973 125
1974 144
1975 131
1976 147
1977 102
1978 116
1979 130
1980 109
1981 103
1982 74
1983 110
1984 70
1985 76

1980 1983 1987
130,000 190,000 340,000
110,000 120,000 135,000
240,000 310,000 475,000

There are many variables to consider and divers need to be
trained to take responsibility for themselvesto avoid creat-
ing their own trouble.

PADI will continue to train divers to control their
diveplanning in consideration of their trainingin additionto
keeping strong warnings and cautions on a variety of our
educational materials.
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