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ABSTRACT

The Delphi technique, a methodology for systematically developing

expert opinion consensus, is suggested as an approach for generating

recreational fishery data. This paper describes the Delphi technique,

cites an example of how it has been applied in water resource management,

and discusses the results of a Delphi experiment which was designed to

provide an estimate of the recreational (diver) catch of spiny lobsters

from Florida waters.



INTRODUCTION

Effective fishery management requires data on the r creational as

well as on the commercial component of a fishery. The usual means of

collecting recreational fisheries data is by statistical sampling survey.

The Delphi technique is an alternative to statistical surveys which

should provide sufficient information for management in many cases.

Delphi is not offered as a panacea which will replace traditional methods

of obtaining fisheries data, however, it can provide useful and timely

data at less cost than standard survey techniques.

This paper provides a brief description of the Delphi technique and

an example of how the technique has been applied in water resource

management in Michigan. The emphasis here is on the application of the

technique to estimate the recreational (diver) catch of spiny lobsters

(Panulirus argus) from Florida waters. For a detailed discussion of the

technique and its applications, the compendium entitled The Delphi

Method (Linstone and Turoff 1975) is an excellent source.



THE DELPHI TECHNIQUE 1

The origin of th Delphi t chnique can be traced to th "cold war"

ra of the early 1950's. The purpos of "Project Delphi," a U.S. Air

Force sponsored study, was to apply "expert opinion to the selection,

from the point of view of a Soviet strategic planner, of an optimal U.S.

industrial target system and to the estimation of the number of A-bombs

required to reduce the munitions output by a prescribed amount." Since

this inauspicious beginning, Delphi has evolved as a basic tool in the

area of technological forecasting- and is used today by many technological-

oriented corporations. The usefulness of Delphi has also been recognized

by those attempting to solve the complex problems of society, and in recent

years the technique has been applied in areas such as the environment,

health care, and transportation.

Delphi is a methodology for systematically developing expert opinion

consensus. 2 The concept is based on the reasonable premises that 1) the

opinions of experts are justified as inputs to decision-making in inexact

areas (i.e., where absolute answers are unknown or impossible and 2) a

consensus of experts will provide a more accurate response to a question

than a single expert (Fusfeld and Foster 1971).

The primary characteristics of Delphi are:l) anonymity of the experts,

2) controlled feedback, and 3) an estimator of group opinion. The anonymity

feature is important bEcause it helps to eliminate bias. In any group

interaction (e.g., brainstorming) an individual may be influenced by what

another individual says or simply the manner in which he says it. A Delphi

inquiry is an iterative process and at each iteration there is an assessment

Delphi was the most revered oracular site in ancient Greec . Thus,
Delphi is an appropriate, and rather imaginative, name for a technique
which purports to foresee (in a sens ) the future.

Delphi can also be us d to obtain a consensus of "informed" opinions
where experts are not available.



of group judgement and controlled feedback to all participants in succeeding

rounds. This presents the experts with an opportunity to revise their

opinion based on new data as the experiment progresses. An estimator of

group opinion, usually the median and interquartile range of the estimates,

is calculated and provides the basis to extrapolate a forecast.

Here's how a typical Delphi would operate. The investigator identifies

a group of experts on the subject. The experts are then polled individually,

usually by questionnaire. The results are summarized by the investigator,

which generally entails determining the median and range of responses to a

given question. This information is then given to each respondent and he

is asked to reanswer the questions in light of the new data generated

by the aggregate responses. If his new response is outside the interquartile

range from the previous round he must write a brief explanation in support

of his stimate. These explanations are then provided to all the respondents

in the next round. Cycling through this procedure usually results in

consensus by the fourth or fifth round.

There have been extensions to the Delphi technique over the years,

but they have not affected the basic design. The extensions to Delphi

include: 1) cross-impact analysis, developed to solve the problem of

interrelationships among forecasted events; 2) SEER (System for Event

Evaluation and Review), which helps to make Delphi forecasting more

efficient by developing initial lists of events through interviews, and

thereby reducing the amount of time required by the Delphi participant;

and 3) trend extrapolation, which forces the experts to relate their

intuitive models of the future to actual rather than perceived historical

trends by providing historical time series data for analysis and prediction

(Fusfeld and Foster 1971).



As with any survey tool, Delphi has both positiv and negative aspects.

In the Michigan Sea Grant Delphi, which will be discussed in th next

section, Ludlow (1972(l)) had his panelists evaluate the methodology. Some

of th positive aspects identified were: 1) that it has-the advantages of

a committee approach without the necessity of meeting, 2) the intr6duction

of ideas not likely to be considered by any one individual, 3) the systematic

refinement of issues as the exercise progresses, 4) participants are less

susceptible to being influenced by a strong personality than in other

procedures, and 5) participation can be at one's convenience rather than

at a specific time. The negative aspects identified were basically related

to the desirable aspects of conferences that are not realized with Delphi.

The participants felt that the Delphi technique did not provide any

opportunity to: 1) change and exchange opinions, 2) hear reasons for various

opinions, 3) benefit from the cross-fertilization of the others, (sometimes

better informed) ideas, and 4) clear up any ambiguities in terms and questions.

Linstone (Linstone and Turoff 1975) identified a number of pitfalls of

which a Delphi investigator should be cognizant, and then concluded with

a statement (p. 586) which sums it up well: "The Delphi designer who

understands the philosophy of his approach and the resulting boundaries of

validity is engaged in the practice of a potent communication process.

The designer who applies the technique without this insight or without

clarifying these boundaries for his clients or observers is engaged in

the practice of mythology."



UNIVERSM OF MICHIGAN SEA GRANT DELPHI

Th University of Michigan's S a Grant Delphi inquiry (Ludl w 1972) is

a landmark application of the Delphi t chnique to natural r source manage-

ment. Prior to this study the Delphi technique had been used primarily to

forecast long-range technological developments,

The basic objectives of the study were:

1) to obtain the judgments of a multidisciplinary team of researchers

regarding:

a) potential technical, social, economic, and political developments

that could influence the management of water resources in a

region similar to the Grand Traverse Bay area,

b) assessment of the relative importance of future sources of

pollution of a body of water similar to the Grand Traverse Bay,

c) recommended waste-water treatment and disposal systems,

d) regional opportunities, problems, and planning strategies;

2) to communicate the researchers' judgments to people in the Grand

Traverse Bay area;

3) to evaluate the effectiveness of the Delphi technique in solving

the problem of integrating the judgments of the researchers and

conveying their informed insights to decision makers (Ludlow 1972 (2)).

The magnitude of this first natural resource oriented Delphi was

impressive. Sixty-nine individuals took part in the study. They

were assigned to different panels depending on their background and/or

experience. one panel was composed of individuals whose expertise was

5



primarily in the physical sciences, predominantly engineering. Another

panel was composed of individuals who were mor oriented to the behavioral

scinces. And the third panel was made up of concerned citizens who were

residents of the Grand Traverse Bay area and believed to be influen-tial

in the following fields: civics, business, planning, politics, natural

resources, government, and education.

The Sea Grant Delphi followed the general procedure of a standard

Delphi inquiry with minor modifications. The details need not be discussed

here. The important point is that the Delphi exercise was felt by the

participants to be successful in meeting specified objectives. Especially

important, a critical evaluation of the method demonstrated the potential

of a Delphi inquiry for improving the dialogue between researchers and

regional problem solvers. One should then be able to infer that Delphi

holds th same potential, by analogy, for fisheries researchers and

managers.



FLORIDA SPINY LOBSTER DELPHI

Background

I first suggested that Delphi had pot ntial use in fishery management

in a paper given at meetings of the Gulf of Mexico and Caribbean Fishery

Management Councils (Zuboy and Jones 1979). At that time-the only natural

resourc oriented example I could cite was the previously mentioned Michigan

Sea Grant Delphi. I knew that at some point I would have to try a Delphi

experiment in a fishery situation to support my claims about Delphi's

potential. Hence the spiny lobster Delphi.

I selected the spiny lobster fishery, in particular the recreational

harvest thereof, as a target for the Delphi experiment for several reasons:

1) it is a fishery with which I am familiar,

2) no conclusive evidence for any given recreational catch estimate

exists,

3) the experiment could be kept simple, and

4) a supportable and acceptable estimate of the recreational harvest

was needed.

One of my first projects in the Southeast Fisheries Center was to

develop a data base management system for spiny lobster. Consequently, I

became intimate with the spiny lobster literature, attended various lobster

research conferences, and got to know many of the people involved in lobster

research. I was part of the team which wrote the spiny lobster management

plan for Puerto Rico and the U.S. Virgin Islands, and I also provided a

formal review of the Gulf of Mexico/South Atlantic spiny lobster plan. Thus

it was rather natural for me to target the spiny lobster fishery for the

Delphi.

Many estimates (opinion) of the recreational harvest of lobsters have

been presented. These estimat s were usually vagu , in t rms; such as

7



wquit small," wequal to the commercial catchO or "gr ater than the

commercial catch. " Based on thes statements the impli d range of estimates

could be taken as, perhaps, 100,000 to 6,000,000 pounds. Even the most

curr nt estimates, based on extrapolations of field survey and tagging

data, vary by an order of magnitude: 60,000 to 600,000 pounds. The point

is that there is simply no conclusive evidence to support any given estimate,

and hence the Delphi approach to obtaining a consensus as to the "best"

estimate seemed appropriate in this case.

The experiment had to be kept simple because I was interested in

obtaining not only an estimate of the recreational catch, but also in

knowing how the method itself would work in this particular type of

application, i.e., I didn't want the basic methodology to appear to be a

failure if it was not at fault, simply because I made the experiment too

complex. Therefore, I restricted the inquiry to answering only one

question, for this was my first attempt at a Delphi survey.

In the past, speculative estimates of the recreational harvest were

acceptable, even if not supportable, because management of the resource

was not formalized. Since FCMA, and the requirement that commercial and

recreational fisheries be treated equally in fishery management plans, the

possibility f allocation among user groups exists. In the context of

allocation, the need for a supportable (perhaps in court) and acceptable

(to all groups) estimate of the recreational harvest is obvious.

Procedure

The first task was to identify a group of spiny lobster "experts"

to participate in the experiment. I began by listing the names of people

who I knew were engaged in spiny lobster research currently or who had



done lobst r research in the past. I also solicited th nam s of

candidates from some of my colleagues. The initial list of 25-30 names

als
-
o included a number of recreational and commercial lobster fishermen.

After considerable deliberation I decided to limit participation inithe

Wexpert group" to persons currently engaged in research related directly

to lobster management (as opposed to research on behavior, for example)

or who, by nature of their current jobs, have a fairly broad perspectiv

of the lobster fishery. I wanted to have at least eight participants in

the experiment (the minimum number suggested by the literature). It was

very difficult to select eight individuals based on the criteria noted

above. Part of the problem was that many of the individuals work together

on the same projects or in the same office and thus would probably share

the same data and opinions. This was a negative aspect in the sense of

limiting the number of individuals available for the Delphi panel, but it

was a positive aspect once the experiment was in progress because the

selected experts could consult with their colleagues and obtain feedback

on their estimate before submitting it in the Delphi. After selecting

seven people for the panel I was having much difficulty selecting the

eighth. Finally, again after considerable deliberation, I decided to

participate on the panel myself. There are two ways of viewing my partici-

pation as a panel member. Since I was going to administer the Delphi

there might be a legitimate question raised about my ability to maintain

objectivity if I were also a panel member. on the other hand, as a panel

member my personal opinion would be in full view (after the fact), and

hence subject to scrutiny. Any tendency toward a "manipulated" consensus

would probably be rather obvious.



Next, I contact d each of the seven pot ntial pan 1 members on the

telephone and explained what I want d to do and how th Delphi would

operate. Fortunately, they all agreed to participate in the study.

To initiate the first round I wrote a letter (Appendix A) to the

panel members which reiterated how the Delphi would be conducted. With

the letter was a separate sheet asking for their estimate of the recreational

lobster harvest (Appendix B). The respondents were not given any

indication of what a reasonable estimate might be - they were given a

blank slate. The value of this approach is obvious. Respondents

were asked to return their estimates to me within five days of receipt.

A self-addressed, stamped envelope was included for their convenience

and to encourage timely replies.

In the second round, participants were provided with the,median and

interquartile range (IR) of the Round 1 estimates and some additional

information (Appendix B). Each panel member was asked to reanswer the

question from Round 1, and if his new response was outside the IR about the

median he had to provide a supporting statement.

In Round 3 the estimates from Round 2 were summarized as the median

and range of responses and the supporting statements for estimates outside

the IR were included. Panel members were asked to consider this "new data"

from two viewpoints: 1) Did the new data affect their estimates, perhaps

calling for revision? 2) Could they provide feedback that may cause

the other panel members to reevaluate and perhaps revise their estimates?

Rounds 4 and 5 proceeded similarly.
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At the conclusion of Round 5,1 det rmined that the stimates had mor

or less stabilized and that the experiment was over. I summarized the

information from Round 5 and sent it to the panelists in-a "final round"

statement (Appendix B). At this time I asked the participants to send me

their general comments on the Delphi technique and also to describe how

their thought processes operated in regard to changes in their estimates

during the course of the experiment. These comments are in Appendix C.

Results

The estimates of all participants for all rounds are summarized in

Table 1. The range of the estimates decreased by a factor of four over

the course of the experiment, i.e., the Round 1 range was about 2,000,000

pounds while the Round 5 range was about 500,000 pounds. The reduction

in range is illustrated by the decline in the mean over the five rounds.

The consensus produced by the Delphi inquiry is that the recreational

harvest is between 520,000 - 1,000,000 pounds, with the mean of the eight

experts' opinions being 757,000 pounds.

Discussion

From my viewpoint, the spiny lobster Delphi was a success. It produced

a "best" estimate of the recreational lobster harvest and also illustrated

that the Delphi technique can be applied in a data analysis type situation

as well as to pure speculative forecasting. I'd like to note a few points

concerning the characteristics of Delphi, which should be taken into con-

sideration by the potential Delphi user.



Table 1. Summary of Delphi estimates for all rounds.!V

EXPERT ROUND 1 ROUND 2 ROUND 3 ROUND 4 ROUND 5

2250 1350 1350Y 875 785

2 1500+^^/ 1050 1050 1050 1000

3 1500 1350 1100 1100 900

4 1020 1020 1020 530 530

5 b/ 750 750 750 750 750

6 750 750 750 Boo Boo

7 520 520 520 520 520

a 110 270 370 770 770

MEDIANe-/ 875 875 875 785 778

MEAN 1050 883 864 799 757

A/ Estimates in 1000's of pounds rounded to the nearest 10,000 pounds.

k/ My estimates.

Estimate was given as a range of 1000-2000. 1 assigned a value of
1500+ for convenience in the first round and asked for a point estimate
in subsequent rounds.

Carried over estimate from Round 2 because no estimate was received
for Round 3. Found out later that Round 3 estimate was 875.

Actual median for the first three rounds was 885 but, in haste, I
rounded the 1020 to 1000 in the first round and took the median of
1000 and 750. 1 decided to leave it that way for subsequent rounds
assuming the median would change at some point in any case.

12



Although Delphi produces a "best" estimate, the us r should r cognize

that th answer may not b unbiased (true). In fact, the estimate may be

off by a r lative order of magnitude in some cases. This is more likely

to 'occur in a forecasting-type Delphi, however, than in a Delphi which

uses the present as a time frame or one based on real data to some-extent.

Th key to success in the latter case is in the selection of experts.

Insofar as the experience of the experts is appropriate (to the problem

at hand) and broad, the resulting estimate should tend to be unbiased.

Total anonymity of the participants may not always be possible. When

applying Delphi in a specialized area, where the number of experts is

limited, it is rather likely that each will have a good idea of who else

is participating in the inquiry. Also, during the course of the inquiry,

when supporting statements are provided, they will often reveal by inference

the identity of the originator. This did not seem to pose a real problem

in the lobster Delphi,however. On a couple of occasions a particular

expert's affiliation, but not his name, was revealed in the supporting

statements. Still, I had the distinct impression that most of the other

experts were not sure who was providing the statement. In any case, I

don't think anonymity (or lack of it) had any real effect on the outcome

of the experiment. I think rather that the strength of the supporting

statements had the most impact on narrowing the range of the estimates

toward a consensus.

The usual procedure for narrowing the range of the estimates in a

Delphi inquiry is to provide the median and interquartile range each round

and require the panelists whose estimates are outside the IR to provide

a supporting statement as to why they feel their estimate is correct. One

13



can see the valu of this procedure in forcing th estimates in the direction

of consensus. Th procedur apparently works quit well in the cas of a

Delphi which is based'largely onexpert opinion only, i.e., where there is

no real data available. In the case of spiny lobster, I-knew there was

some data available from commercial landings, tagging studies# and surveys.

Since the participants would generally be basing their initial estimat s

on real data to some degree, I felt it would create too artificial a

situation to ask them to revise their estimates each time they were outside

the IR. Hence I modified the basic procedure somewhat. I summarized the

initial estimates as the median and IR and fed this information back to the

panelists with some additional information (Round 2 - Appendix B). I

asked them to reevaluate their estimates based on the new data and provide

another estimate. If their new estimate fell outside the original IR they

had to provide a supporting statement. In the next round (Round 3 -

Appendix B) the range had been cut in half, and all the estimates on the

high end fell within the original IR. Two estimates on the low end

remained outside the IR. I decided to provide the median and new range

(not the IR), along with the supporting statements, and to see how things

developed from there. I felt that the range had already been significantly

reduced, and that if by the end of the experiment all the estimates were

within the original IR we would have a sound consensus. As it turned out,

one of the original low estimates was revised several times and finally

ended up within the original IR, the other original low estimate never

14



changed, and on estimate which was within th original IR chang d and

fell outside the IR on the low end.
3

Thus, in the final round, while

two stimates were still outside the original IR the original range

had been reduced by a factor of four. Based on my knowledge of the

individual xperts and observing their estimates each round a general

tendency was obvious. The experts who felt they had the best real data

on which to base an estimate tended to stick with their own estimate or

modify it only slightly, while the experts who apparently felt they had

less real data tended to revise their estimates based on the new data

revealed in each round. By Round 5 it was apparent that the estimates would

not change significantly thereafter.

Maintaining objectivity was a problem throughout the experiment and

would have been a problem even had I not participated as a panel member.

I attempted to overcome or minimize this problem by always providing

my personal estimate for each round prior to receiving any of the other

experts' estimates. Also, in providing feedback I attempted to use

neutral language at all times. When supporting statements were to be

fed back I provided them as written or with only minor changes to preserve

anonymity. I only provided comments on the supporting statements (as an

anonymous panel member) in one instance, and this was largely to address

erroneous data or assumptions. My own original estimate of 750,000

pounds, which is embarrassingly close to the final mean estimate, remained

3
This latter change was a result of the expert completing analysis of
all of his data, i.e., not a function of the Delphi process per se.



unchanged throughout the experiment. I felt I had a good estimate which

was very clos to the median from the beginning, and the cases presented

by the other experts were not strong enough to induce me to revise my

original estimate. while the potential for misusing Delphi to produce a

manipulated consensus exists, I feel the danger is no more prevalent

than in any other experiment. In the final analysis it is the basic

integrity of the investigator that will determine the results of an

experiment, not the inherent characteristics of a particular methodology.

None of the panelists received any compensation for participating in

this experiment. I had no budget and designed the experiment accordingly

to demand as little of their time as possible. This Delphi asked only

2ne question and became fairly complicated. No one should consider a

more sophisticated Delphi inquiry without adequate time and funding,

including consultant fees for the experts.

16



CLOSING

Th Delphi t chniqu has been demonstrated to be a useful tool and has

been applied in the area of technological forecasting for approaching

twenty years. Only more recently has mention of Delphi begun to appear in

the renewable resources management literature (Regier 1978, Tomlinson and

Brown 1979). The Florida spiny lobster Delphi is but a very limited

example of one potential use of Delphi in fishery management. The greatest

potential for Delphi in resource management lies in that very nebulous

area dealing with "socioeconomic" aspects. Regier (1978) speculates that

Delphi processes involving public participation in renewable resource

management decisions may be operational by 1990. If this paper provides

a small impetus in that direction it will have served a useful purpose.
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A FENDIX A

Dear

I

UNITED STATES DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
POAUT A TAP FIS ERIEeS 8 SnEeVCIE

We a's 'Nh e r I
e r

75 Virginia Beach Drive
Miami, Florida 33149

305-361-5761 or FTS 3SO-1111

You have agreed to participate In an experiment which will employ
the Delphi Technique to estimate the recreational (diver) harvest f
spiny lobsters from Florida waters. To refresh your memory, the Delphi
Technique is a methodology for systematically developing expert opinion
consensus. There are eight experts, including yourself, participating
in this experiment. Throughout the exercise, individual responses will
be held confidential. Thus, while you may know or assume who some f
the other participants are, you will not know who provided a specific
estimate. This anonymity feature of Delphi is important in that it
tends to minimize the direct influence of one expert's opinion on
another's and thus reduce bias.

The experiment will be conducted in the following manner. For the
initial round, you will provide your best estimate of the recreational
harvest of spiny lobster for the 1978-79 season. I will summarize
(median and interquartile range of the responses) the results of th
first round and feed them back to all of the participants. This will
be your first opportunity to revise your estimate, if appropriate, bas d
on the 'new data" generated. On subsequent rounds, those individuals
wh se stimates deviate markedly from the median will be asked to justify
their estimates. I will summarize'the justifications and feed th m back
to all of the participants, once again eliciting reappraisal of individual
stimates based on *new data.* By 3-S rounds of this procedure the

estimates should coverge toward a consensus.

To begin the experiment then, please write your estimate on the
nel sed form and return to me within five days. Please be prompt.

Sincerely#

James R. Zuboy
Fishery Biologist

Enclosur



AFFEIMIX B

SPINY IMTER DELMI - RD= I

Name I 4/6/79

What to your best estimate of the total harvest of legal spiny

lobsters taken by recreational divers In Florida water$ during the

July 1978 - Nmch 1979 season?

_____pmnds

Comments:

SPM MOSTER DZLP2I - SCOM 2

Wasia: 8/21/79

The results of Round I are summarized below " the madian and
Laterquartile tango of the estimates.

Flodian
W 0500 750.000 $75,000 1.500,000 2,2SO'COO

One half of the estimates fell between 7SO.000 - I.S00,000 pounds.
A quarter of the estimates fell between 112.SDO - 750,000 an the low
Ond Of the range, and a quarter fell between 1,soo,000 . 2.2SC,000 on
the high and of the tango.

Nott of the estimates were based an a knowledge that the reported
cow, rcla2 catch fox the same season was between 5.0 - S.6 million
pounds (depending an who you talk %oll.

Please, reanswer the question from Round I based an this *new data'.
(Provide a izint estimate, not a range.) If your new response to
outside the interquartilt range about the median (I.e.# lose than
750,000 or greater than I.SOO,000) please write a short ezplanation of
why you feel your answer to correct.

For your convenience# a copy of your Round I response to enclosed.

Please return within five days.

B- 1



APPENDIX B

SPINY IMSM =.PSI - BMW 3

Smast 9/7/79

The results of Round 2 we sunautized below an the median and Ban"
of the revised estimates.

270.000
Median
875,000 20350,000

?be median did not change, however, the range narrowed considerably.
All of the estimates that were at the high end of the tango were revised
and now fall within the original fntorquartile range about the median.
Two estimates at the low and of the range were outside the original
interquartile range. The respondents have provided supporting statements
'(enclo"d) for the" estimates.

For Round 3 please *xamine the supporting statements and consider
them from two viewpoints.

1) Do they Provide Information which affect& your estimate,
calling for revision?

perhaps -

21 Can you provide feedback which my cause the res- I nte to
reevaluate and perhaps zovise their estimates?

Please provide your Round 3 estimate and comments an the supporting
statements within 5 days.

J

The results of VzurA 3 are $Lmmuiswd below as the median and range
CC the revised estimates.

NNW:

SPINY LCOSM DELYNI - NO= 4

9/28/79

373,000
Nedian
$75,000 21350.000

The median rt"Irwd the saw. The range narrowed somewhat because
the lower and estimate Increased.

Supporting statements provided In Pound 3 drew comments from four

respondents. Fee this round,1612 participants are requested to

objectively evaluate the cowwnts on Cases I and 2 (enclosed). and to

reevaluate their estimates in light of this 6new data.6

Please provide your V"mA 4 estimate &W any additional comments

within 5 days.

B-2



APPENDIX B

5PIMr ICUTO OCLON - MOUND 5

soot JS/25/79

2%0 result* of Round 4 are summarized below as the madian and
interquartile can" of the revised estimates.

Median
S20,000 7500000 785,000 17SPODO 1#100#000

The range of the estimates has been reduced by about a factor Of 4
as compared to the criginal estimates.

Based an ccm*mnts received In Round 4. the -ease I- estimate was
revised upward to 766.000.

The OCS&e 2' estimate remained the same for this round and a
supporting statement In texponse to the comv*nts; and questions of
Bound 3 Is Included.

The estimate at the high and of the range was revised downward
from 1,350,000 to 875,000. (ThJs should have been reflected an the
Mound 4 handout, however, I did not receive the participant's estimate
soon enough and *imply carried his Bound 3 estimate forward for Round 4.)

one participant, whose original estimate was within the Intarquartile
range about the mediant revised his estimate downward to 530rCOO
pounds. 7his revision was not prtcipitsted by the Delphi responses,
but rather was due to his compItting a study on commercial tag return
rate and subseqjent analysis of L11 his tag return data. A supporting
statement (Cast 3) to enclosed.

One additional cement an Case 2, which supports an earlier *Coment
an rate 2', Is enclosed.

The estimates appear to be stablizIng and we seen to be approaching
the end of the experiment. Just hang in there a little bit lon"zi

please evaluate all of the "data' that has been provided Ara send
M your Round S estimate within S days.

SPINY WBSTER DIMI - FINAL &OUND

Sam: 10/25/79

The estimates have basically stablized and I have determined
that additional rounds would not likely altar the present *a-
timates significantly. The results of Round 5 are summarized

below as the mean, median. and range of the revised satimt*s.

mean Median Ran
70-.OW 770.000 520,ODO iT-Ml%.000

The median was used throughout the experiment In order to
narrow the range of the estinuites. It served that purpose wall.

as the range was rtduced by a factor of 4. Now, however. the

mean provides a more seanivgful (no pun Intendedf) descrIptarg

as It Incorporates all the estimates into an average value.

rather than simply ^-Ivldfng them Into half above and half below a

certain value. The consensus, then, to that the true recreational

harvest lies somewhere between 520.000 - 1.000,DOO pounds. with

the mean value of the eight experts' opinions being 757.000 pounds.

As you'll recall. I tras Interested not only In obtaislag

an estimate of the recreational lobster harvest. but also in bow

the Delphi technique would perform In this type of application.

To that and. I would appreciate your taking a few mdoutes to

reply to the questions on the mclosed *best.

I vill send you a eM of the paper that will result from

this study by December.

" tbmks for 7*w Internet. cooperstion. and otlckftg it

SAWt till the sadf



APPENDIX C

COMMENTS OF PARTICIPANTS

Question: What were Your thought processes as the Delphi progressed,
ioeop what caused you to either change or not change your
estimate at any given point?

Responses: We felt our estimate was accurate because for the first
time a model was developed that actually estimated the
un-recorded catch. The recreational harvest accounted
for a percentage of this and after comparing our estimate
with those of the other participants we felt ours was close
enough to be accurate. Therefore we did not expect to
change our estimate unless another participant presented an
especially good argument to alter it or our estimate was
significantly different from other estimates. As this was
not the case we only changed our estimate to reflect a
further refinement of our model.

We felt that our research data provided a strong base for
our estimate and by presenting information on our data and
the method by which it was obtained, hopefully, we influenced
others participating in the Delphi to change their estimates
closer to ours.

Mostly additional information that became available through
comments of other participants. Such information enabled
a wider perspective and refinement of my original estimates.

I stayed firm on my initial estimate because: 1) 1 was close to
the median, 2) lower bound estimates and statements were not
overwhelmingly convincing, and 3) upper bound estimates were
probably close to reality, but I stuck to a more conservative
estimate, primarily due to our extreme lack of knowledge of the
true magnitude of the sport fishery.



APPENDIX C

Question: What are your general comments about the Delphi techniqu
and your participation in a Delphi inquiry?

Responses: The Delphi technique presents a relatively un-biased
method to estimate a variable when no or very little hard
data is available. The range of 520,000 - 1,000,000 ^
pounds for the previously un-estimated recreational harvest
attests to the usefulness of the Delphi technique. We
enjoyed working with you and the other participants using
this technique and see many applications for similar work
in the future.

Delphi basically by definition is a discussion by knowledg-
able participants in the hopes of reaching an agreeable
conclusion. The spiny lobster Delphi accomplished this by
narrowing the range of estimates of pounds harvested by
recreational divers.

I enjoyed participating and feel the process was bene-
ficial. However, I feel it might be an improvement to
require all participants to submit supportive statements
indicating the basis on which they formulated their es-
timate. This would bring to light more information and
allow a more realistic evaluation of other participants
positions.

The Delphi technique seems to be a "safe" noncommittal
approach to getting "expert" consensus on a controversial
subject matter requiring a management decision irregardless
of the completeness of the data base. I am pleased to have
been a participant in this experiment. The psychological
pressure to "agree" was unexpected and interesting.

Comments were received from only four of the participants.
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