
FICHU-T-72 � 002 C3

Technical Report No. 23

NIgRAllN IN
aa aiba ~

~ COP> 0«~ST P'BIO

By

JOHN D. LUDLOW

Assistant to the Director

University of Michigan Sea Grant Program

March, 1972

MICHU-SG-72-205

Multidisciplirlarg Research irl the Great Lakes

SUBSTANTIVE RESULTS

OF THE

UNIVERSITY OF MICHIGAN'S

SEA GRANT DELPHI INQUIRY



SUBSTANTIVE RESULTS

OF THE

UNIVERSITY OF MICHIGAN'S

SEA GRANT DELPHI INQUIRY

John D. Ludlow

Assistant to the Director

University of Michigan Sea Grant Program

March 1972

Sea Grant Technical Report No. 23

MICHU-SG-72-205

THE UNIVERSITY OF MICHIGAN SEA GRANT PROGRAM



The University of Michigan Sea Grant Program is a part of the National Sea
Grant Program, which is maintained by the National Oceanic and Atmospheric
Administration of the U. S. Department of Commerce.



A BSTRACT

This paper presents the substantive results of the
Sea Grant Delphi exercises, which were designed to support
the following Sea Grant goals:  l! to encourage the involve-
ment of university people in comprehensive management of
the water resources of the Great I-akes, �! to integrate
their informed judgments, and �! to communicate these judg-
ments to communities whose social and economic development
is closely related to management of their water resources.
This report is one of three related to the findings of the Sea
Grant Delphi exercises. Another report regards research and
information priorities in the Sea Grant programs and will be
made available only to Sea Grant researchers, The third
report evaluates the methodology of the University of Michigan's
Sea Grant Delphi inquiry.

BA CKGROUND

This study was funded by the Sea Grant Program of
the University of Michigan and conducted by the Bureau of
Business Research, Graduate School of Business Admin-

istration. %'e are greatly indebted to the sixty-nine
University of Michigan researchers and concerned citizens
from the Grand Traverse Bay area who contributed to the
substantive results of the Delphi exercises and to an
evaluation of the methodology.
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INTRODUCTION

Basic Objectives of the Study

One objective of this study was to utilize the Delphi techniques in

obtaining the judgments of a multidisciplinary team of researchers in

the Sea Grant Progra~ regarding the following:

I. Potential technical, social, economic, and political

developments that could influence the management

of water resources in a region similar to the Grand

Traver se Bay area

2. Assessment of the relative importance of future

sources of pollution of a body of water similar to

Grand. T r a ve r s e Bay

3. Recommended waste-water tr eatment and disposal

systems

4. Regional opportunities, problems, and planning

strate gie s

Another objective of the study was to communicate the researchers'

judgments to people in the Grand Traverse Bay area. Individuals from

the region who were believed to be influential in the political processes

through which regional planning is accomplished were therefore included

on the Delphi panels.
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A third objective was to evaluate the effectiveness of the Delphi

techniques in solving the problem of integrating the judgments of the

researchers and conveying their informed insights to decision makers.

Respondents in these exercises--a group with exceptional qualifications

who represent a broad range of academic disciplines and experience--

served as the primary resource in evaluating the methodology. Their

evaluations are contained in another report on the findings of the Sea

1/
Grant Delphi exercises.�

The Grand Traverse Bay area  Figure 1! was selected as the locus

of pilot efforts to develop methodologies that will be applicable for the

entire Great Lakes system. The area, which has been identified as

socially and economically disadvantaged, is part of an Upper Great

Lakes region consisting of 119 counties in the northern parts of Michigan,

Minnesota, and Wisconsin.

Issues

Preparation for the Delphi exercises inc1uded a study to determine

which technical, social, economic, and political issues might have a

2/significant effect on the region's resources.� Technical experts

1/ John D. Ludlow, "Evaluation of Methodology in the University
of Michigan's Delphi Inquiry." To be published as Sea Grant Technical
Report No. 22.

2/ John D. Ludlow and Patricia L, Braden, "Socioeconomic
Development in the Grand Traverse Bay Area," Working Paper No.
35  Ann Arbor, Mich.: Bureau of Business Research, University of
Michigan, April 1971!.
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I'ig. 1, The Gr;ttid Traverse Bay area.

RIGHT. The ten counties making up the Northwest
Michigan Development District approximate the
Grand Traverse Bay watershed area. The numbers
are 1970 census population figures. Asterisks indi-
cate counties which include off-shore

islands.

I.AFT. The Grand Traverse Bay  see
inset! serves as a model for the Uni ~
versity of Michigan's Sea Grant Pilot
Program. It is representative of many
areas in the Great Lakes basin where
economic development and quality
of life are closely related to water
resources.



considered issues believed to have a relatively high technical content

before their examination and evaluation by the broader-based panels.

Two issues were identified as particularly appropriate for

evaluating the effectiveness of the methodology in expeditirg information

exchange among university researchers and regional planners. The first

issue, the treatment and disposal of waste water, is perhaps the most

critical issue facing many communities in the Great Lakes basin, and

its timeliness for the Grand Traverse Bay area is shown in the following

'9 "I:

SPRAY IRRIGATION TOO COSTLY?

There is no doubt about it. Spray irrigation as the ideal
solution to sewage disposal in the Traverse City area has a
Long, tough road ahead to become reality--if it ever does.

City Manager Lawrence Savage reported at Monday
night' s commission meeting that the townships cooperating
in the $8, 6 million area program favor going with secondary
treatment only. The reason: Spray irrigation would cost
too much.

There are other problems, too. Engineering has yet to
be completed. Land for possible spray irrigation has to be
checked, as to suitability, and acquired.

Removal of phosphates--the enriching element that
produces the floating algae--will be a big step ahead. But
the question remains: Will secondary treatment, or the
chemical removal of the phosphates, be enough if the volume
of sewage to be treated goes up? Thus, even with removal
of all but 10 or 20 per cent of the phosphates, the Boardman
River could end up just as contaminated as before, since the
additional sewage volume might produce the same, or nearly
the same, quantity of phosphates as at present.

Not all the facts are in. The city cornrnission Monday
night wisely reapplied to the Department of Natural Resources
for spray irrigation so that this possibility remains "alive."
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One factor, however, is fairly certain: If Traverse City
and the adjoining townships want the ideal syste~  spray
irrigation!, it will be costly. When these cost figures are
finally apparent, then will come the time of soul-searching
and value adjustments. Then we must decide if we are truly
willing to pay what it costs to protect our environment.

Only half of the communities in the Grand Traverse Bay area pro-

vide a sewer system. Inadequate septic tanks and outdoor privies in

close proximity to lakes and streams present an added hazard to the

environment when the population is more than doubled during the summer

months. Though recreation and tourism create a tremendous seasonal

burden on the water and sewage treatment facilities, industries are also

burdens on the area's water resources. For example, one fruit canning

plant was reportedly dumping 547, 000 gallons of waste daily into Traverse

3/
Bay during the canning season in July and August.� Such practices only

compound the problem of the already overtaxed water resources in the

region. The people of Traverse City, in cooperation with five surround-

ing townships, have assumed the leadership in seeking solutions to the

area's water pollution problems by initiating the development of a regional

sewage treatment plan.

In a consideration of waste-water treatment and disposal systems,

the characteristics and uses of the receiving waters must be taken into

account. The broader issue of sources of pollution and pollutants is the

3/ "Trave r se City' s ' Shaggy' Water s Endanger Touri sm, "
Chica o Tribune, Oct. Z6, 1970,



second specific issue that the technical panel evaluated prior to its

consideration by the broader-based panels.�
4/

Methodology

When this research was undertaken the Delphi method had been

used primarily to forecast long-range technological developments. The

most distinctive characteristics of the method are anonymity, statistical

summaries of the subjective judgments provided by a group of people,

and information feedback as part of an iterative process to help in

reassessing initial judgments. One cycle of information packages and

written responses is referred to as a Delphi round. An administrator

functions as a communications intermediary in collating the responses

for further consideration by the panels on subsequent rounds.

In the Sea Grant exercises a change in emphasis led to essentially

new applications of the Delphi techniques. The inherent characteristic

of the method--to inform in the process of soliciting judgments--was

utilized in exploring the communication potential of the method. The

series of information feedbacks and reassessments of estimates were

intended to be cumulative--each series building on the previous one in

guiding respondents to carefully formulated judgments. This progressive

4/ A more detailed discussion of the research plan may be found
in "Sea Grant Delphi Exercises: Techniques for Utilizing Informed
Judgments of a Multidisciplinary Team of Researchers," by John D.
Ludlaw, Working Paper No. ZZ  Ann Arbor, Mich.: Bureau of Business
Re sea r ch, University of Michigan, 1971 i.
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type of Delphi inquiry was planned so that important developments in

the technical environment could be generated and assessed by a panel

of tech~ical experts before being considered by the broader-based panels.

Participants on two of the three panels were designated technicians

and behaviorists on the basis of their training and experience. The third

group was made up of concerned citizens from the Grand Traverse Bay

area--beneficiaries of the work of the researchers--and these were called

decision makers. The names associated with the panels were somewhat

arbitrary, and the groups were not homogeneous ~ However, the names

were reasonably consistent with the roles each group would be expected

to play in planning how regional water resources will be managed.

The technical panel was composed of thirty-three individuals

whose expertise was primarily in the physical sciences and who were

divided about equally between Sea Grant researchers and faculty,

graduate students, and others in the School of Engineering. All the

technicians were males, half' were over forty years of age, and

engineers predominated. They represented many of the schools and

laboratories at the University of Michigan, and sixteen were present

or past members of the Sea Grant Program committee. Twenty-eight

panelists submitted responses to one or more rounds, and thirteen

submitted responses to three or more. Six became unavailable after

the start of the exercises ~
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Another panel included Sea Grant researchers who were not

selected for the technical panel. Generally their academic backgrounds

and interests were more oriented to the behavioral sciences, and for

this reason they were labeled behaviorists. They represented a wide

range of ages, academic disciplines, and university schools and labora-

tories. Of the sixteen panelists, eleven submitted responses to one or

more rounds and six submitted responses to three or more.

Participants for the third panel were randomly selected from groups

of Grand Traverse Bay area residents believed to be influential in the

following fields: civics, business, planning, politics, natural resources,

government, and education. Twenty-one of the eighty panelists selected

responded to a, letter requesting their participation in the Delphi exercises.

Twenty of the respondents submitted written suggestions or evaluations

on one or more rounds, and nine submitted responses on three or more

rounds. Three respondents became unavailable after the start of the

exercises.



RESULTS OF THE STUDY

Social, Political, and Economic Trends

The portion of the Sea Grant Delphi exercises concerned with

social, political, and economic trends was designed to provide respondents

on the broader-based panels with some basic reference points in making

their subjective judgments regarding future social and technical develop-

ments.

The information package for Round 1 presented the trends for

eight measures which have commonly been used to indicate the social

and economic development of a region  Figure 2!, The curves were

plotted from 1950 to 1970, taking advantage of the 1970 census and the

standardized enumeration procedures of the Bureau of the Census.

Panel members were asked to extend the curves through 1990 and to

1/
indicate the numerical values for 1980 and 1990 ~�

1/ The techniques and procedures used in this series of inter-
rogations and information feedback are similar to those described in
Some Potential Societal Develo ments-- 1970-2000, by Raoul de
Brigard and Olaf Helrner, IFF Report R-7  Middletown, Conn,:
Institute for the Future, April 1970!.

-9-
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In the second round, curves representing the medians and inter-

quartile ranges were provided for the panelists, as well as pertinent

comments submitted by respondents on the previous round  Figure 3!.

Panelists were asked to reconsider their estimates, and if any of the

new estimates were outside the designated consensus range for the

previous round they were asked to support their position briefly. On

this round the graphs of three additional statistical measures were

introduced for consideration. A cumulative summary of the group

response was provided in the information package for Round 3 to serve

as background information for other panel deliberations.

The primary objective in this portion of the exercises wa,s to

inform and educate the panel members. The results were not analyzed

further since they were rough estimates of standard statistical measures

for which precise quantitative data and sophisticated forecasting models

are available.

Important Developments and Requisite Technology

The Delphi method has had its greatest application and acceptance

as a means of compiling a list of future technical events or developments

and collecting subjective judgments regarding them. In the Sea Grant

exercises social, political, and economic developments were also

solicited and evaluated so that panelists would be encouraged to consider

all environments in making judgments regarding water quality, waste-

water treatment systems, and research priorities.
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The initial evaluation matri~ for the technical panel did not

present a list of potential developments, something which is usually

done in order to facilitate participation and generate additional items.

It was believed that this unstructured approach would result in a wider

range of suggestians; however, the information feedback of the second

round did include--in addition to items suggested by respondents--thirteen

events that were taken from Delphi exercises conducted at RAND and the

Institute for the Future. These events covered areas considered by the

researcher to be of interest to the panel and were also good examples

of how developments should be specified to avoid ambiguity, particularly

with respect to occurrence or nonoccurrence.  The specification of

events by respondents on the first round was quite general, necessitating

considerable editing by the administrator and consequently introducing

a degree of bias. !

The evaluation matrix for the third round  Figure 4! provided

the respondent with his estimates for the second round and a summary

of the group's response. Comments submitted by respondents were

also provided, as were the median estimates for technical and economic

feasibility if they differed significantly. Eleven items were added to

the evaluation matrix after respondents suggested that they were

closely related to items considered on the second round because their

occurrence or nonoccurrence would affect the nature or the timing of

listed developments. Tao items considered on the second round were

reworded to specify a level of performance more appropriate for the

planning period under consideration, and these were entered

as new items on Round 3. The evaluation matrix for the
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third round was designed so that a panel member could easily determine

if his reassessed estimates for a specific development were outside the

group's consensus range--arbitrarily identified as the group's median

25 per cent and 75 per cent estimates. If a respondent's latest estimate

was outside the consensus range for the previous round he was asked to

support this "extreme" position briefly.

The evaluation matrix for the fourth round  Figure 5! presented

a more comprehensive summary of the previous round than had been

provided up to this point in the exercises ~ Statistical summaries were

presented not only for all the respondents but also for those who rated

their competence relatively high and for those in. the latter group who

indicated a familiarity with the Grand Traverse Bay area. In addition,

the persons arguing for an earlier or later probability date than that

indicated as the consensus were identified by panel member number

 respondents were given basic biographical data to correlate with the

panel member numbers!. On this final round respondents were asked to make

conditional probability estimates for developments that panel members

had suggested were closely related. These procedures are discussed

later in conjunction with a summary of the estimates. For the rest of

the developments, respondents were asked to record final estimates

only for those developments on which they were making estimates for the

first time or on which they intended to revise previous estimates.

On the basis of the experience of the technical panel, several

procedural modifications were introduced into the broad panel exercises.
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The number of items considered on each round was limited; the first

round therefore included only 27 developments. Most of the develop-

ments initially selected were those that the technical panel had con-

sidered previously, since there was interest in how the different groups

of evaluators viewed similar sets of developments and in the consistency

of the Delphi method with different groups.

An analysis of the estimates of the technical panel showed that

some respondents appeared to have considerable difficulty making prob-

ability estimates both for a fi~ed period �971-80! and for fixed levels

of probability �5, 50, and 75 per cent!. In some cases inconsistent

estimates were made  for example, the probability of occurrence during

1971-80 was estimated to be greater than 50 per cent, but the year

associated with a 50 per cent probability was later than 1980!.

E"ixed probabilities of 25, 50, and 75 per cent were selected for

personal probability assessments in the broad panel exercises for

several reasons:

1. There was strong agreement among the three groups

involved in the exercises--technical, behavioral, and decision makers--

on the words and phrases that they associated with the numerical

probabilities of 25, 50, and 75 per cent.

2. Individual distributions provide the decision makers with

more information than single probability estimates and were believed

to be helpful to the estimator in making assessments that were con-

sistent with his judgment.
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3. The 25, 50, and 75 per cent levels of probability were ideal

for using a betting rationale, that is, systematically dividing the future

into equally attractive segments.

4. It was believed that group medians associated with these

fixed probabilities would provide an easily identifiable consensus range.

Since it was likely that many of the decision makers would have

had little experience with the notion of personal probabilities, a guide

for making personal estimates of probability was sent to all members of

the broad panels--researchers as well as decision makers. The evaluation

form for the first two rounds is shown in Figure 6. On the following round

the information feedback included arguments to support extreme positions

and the statistical summaries for the technicians who had rated their

competence relatively high  Figure 7!.

In presenting the results of this phase of the Delphi exercises it

may be of interest to consider items that were suggested and evaluated

by respondents but subsequently dropped from the Delphi inquiry. The

screening process used in the elimination was designed to retain only

those items which the combined panels had. judged to be important to the

region, The panels had indicated some familiarity with the items but

had disa, greed on the timing. Items suggested by the administrator are

marked with an asterisk. It is interesting that none of these survived

the screening process.

In the technical panel exercises the following items were dropped

from further consideration because respondents indicated that they were

relatively unimportant to the exercise.
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Items Rated Ze r o � = no importance !

~D-3 A large-scale desalina,tion plant capable of economically
producing water useful for agricultural purposes begins
operating somewhere in the United States.

'~E-48 Nonsurgical techniques which enable parents to choose
the sex of babies with 90 per cent reliability.

Items Rated One � = minor importance!

"'D-1 Availability of tools and processes which permit economic
exploitation of the Grand Traverse Bay bottom through
mining.

4D-2 Demonstration of techniques which permit economic
"farming" of the Grand Traverse Bay bottom.

New materials and reinforced composites  for example,
boron fibers! for ultralight construction  density of
aluminum, strength and toughness of steel!, commercially
available for private use at competitive prices.

~D-4

Commercial fish farming in natural or man-made lakes
accounts for over 5 per cent of the region's income in
wages and salaries.

Underwater recreation with submersibles becomes a

significant recreational activity in the region--participa-
tion of 5 per cent or more of the people who vacation in
the area for a week or more.

D-6

"D- 1 1 First prototype thermonuclear  fusion! plant for generating
electric power begins operation.

Laboratory demonstration of the feasibility of a nuclear-
fueled plant generating electric power from nuclear fusion.

E-12

Operations of the first fast breeder in the United States
 a nuclear-fueled generating plant which produces more
fissionable material than it consumes while generating

ele ctri city.

~D-13

D-ZZ Daily population counts for the Grand Traverse Bay region,
recorded by instruments operating from an aerospace vehicle.
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E-30 Demonstration of the feasibility of techniques to accomplish
artificial upwelling of a, body of water such as Grand Traverse
Hay.

D-43 Control of thermal pollution from Traverse City power plant.

Change in age distribution so that persons over 65 make
up 15 per cent  or more! of the population of the region.

D-46

A 20 per cent share of new cars sold are automobiles which
have acceptable performance, are economically competitive
with other forms of transportation, and permit operation
without harmful exhaust.

-rD- 55

The following items were dropped because of a median self-evaluation

of familiarity by the panel of less than two  Z = casually acquainted!.

item

50

25

D-8 Feasibility of new fruit-
processing te chnique s em-
ploying significant technological
impr ovements.

D-34 Construction completed on an
integrated bay shore peripheral
sewage collection and treatment
system in the Grand Traverse
r e gion.

D-5Z A positive net migration rate
for the Grand Traverse Bay
area over a five-year period.

D-59 Widespread use of surface-effects
ships for commer cial transporta-
tion in the Great Lakes.

D-60 A 50 per cent increase in
facilities for commercial

water shipping on the
periphery of Grand Traverse
Bay.

Median

Importance
 Scale 0-3!

Median

Pr obability
1971-80

 Percentage!
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Median

Importance
 Scale 0-3!

Item

50

20

10

50

The items below were dropped because they were judged to have

less than a 50 per cent probability of occurring during 1971-80 and

received a median importance rating of less than three � = very great!.

Median

Pr obability
1971-80

 Per centage!

Item

D-23 Federal assistance for an area, on the
basis of visitors to-.a;,region. 20

~D-24

D-64 A 50 per cent or more in-
crease over 1970 of bulk

shipments by water to and
from the Grand Traver se

Bay region.

D-69 Government ownership of 25
per cent of the shoreline of
C'rand Traverse Bay, Lake
Michigan, and inland lakes
in the region.

D-70 A 50 per cent rise in the rate
of serious crimes in the region
over that of 1970, measured by

comparable techniques.

D-71 A 50 per cent greater output from
oil wells than in 1970.

D-73 A 25 per cent decrease in food
pr o ce s sing c ompa red to 1970,
as measured by errployment.

Demonstration of regular and
reliable weather forecasts four-

teen days in advance for areas as
small as the Grand Traverse Bay

r e gion.

Median

Pr obability
1971-80

 Percentage!



Item

>"D-25

40

~E-49

D-50

10

D-62

10

The following item was dropped because of an indication of

D-53

0-85

Limited weather control, in the
s ense that weathe r is predictably
affected in a, region at an accept-
able cost.

K-47 Wide availability of immunizing
agents which can protect against
most bacterial and viral diseases ~

Clinical control of the aging pro-
cess, permitting extension of the
life span by 50 yea,rs.

A drop in the fertility rate to Z. Z
or less  a rate which will equate to

a zero population!.

D-51 A zero population growth rate for
the United States ~

Use of thermal discharge from
nuclear-fueled power plants to
maintain ice-free ports on Lake

Michigan,

D-67 Significant diversion of water from
Lake Michigan.

D-72 A decrease in fruit production for
two consecutive years that is not
attributable to weather.

ambiguity in its specification.

A 20 per cent increase in the ratio
of year-round population to vacation-
ing population compared to that of
I 970.

Median

Pr obability
1971-80

 Per centage!

Probability 1971-80
Interquartile Range

 Percentage!
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These items were deleted because a reasonably strong group

consensus was indicated,

Item

Reer eational boating
increases by 20 per
cent or more com-

pared to 1970 '

D-9

1973 1975 198080

1975 1977 198075

In the broad panel exercises the following items were dropped

because respondents indicated that they were relatively unimportant to

the deliberations.  Note that the estimates made by the technical panel

are also shown. !

50% 25% 7 5%
Prob. Prob, Prob.

Date Date Date

Median

Imp or tance
 Scale 0-3!

Item

1986 1980 1987

1988 1975 1990

Underwater recreation

with submersibles becomes

a significant recreational
a cti vity in the r e gion--
participation of 5 per cent
oz more of the people who
vacation in the area for a
week or more.

- - - T e chnical panel
1985 1979 1989

>oZS >O7O tq98

Demand for electrical

energy in the region
increases at least 50

per cent over the de-
mand in 1970.

C omme r cia 1 fi s h f arm-

ing in natural or man-
made lakes accounts for

over 5 per cent of the
region's income in wages
an.d salaries.

� - - Technical panel
~ rat1flgs

25% 50% 75%
Probability Prob. Prob. Prob.

1971-80 Date Date Date



Median

Impor tan ce
 Scale 0-3!

50% 25'%%uo 75%
Pr ob, Pr ob. Pr ob.

Date Date Date

Item

A ground transporta-
tion system permitting
speeds greater than 150
mph between the Chicago-
Detr oi t me gal opoli s and
the Grand Traverse Bay
region.

20

1988 1985 1993

50%%uo
Prob.

Date

25%%uo
Pr ob.

Date

75'%%uo
Prob.

Date

Median

Importance
 Scale 0-3!

Item

Federal assistance for an

area on the basis of visitors

to a region. 2
� - T e chnical panel r a ting s 2

1981 1975 1990

1980 1978 1985

The items below were given the status of background information

because a reasonably strong consensus was indicated.

25%%uo 75%%uo
Pr ob. Prob.

Date Date

50%%uo
Prob.

Date

Median

Irnpor tan c e
 Scale 0-3!

Item

Recreational boating
increases by Z0 per
cent or more corn-

pared to 1970.
- Technical panel

e stirnate s

1976 1974 1979

1975 1973 1980

Requirements by the
state calling for

tertiary treatment of

municipal sewage for
Traverse City.

- - T e chni cal panel
e stlmate s

1975 1973 1979

1977 1975 1980

The following item was removed because the panel gave it a median

self-evaluation of familiarity of less than two  Z = casually acquainted!.
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The following items were removed because respondents' comments

and the wide spread in the median probability estimates of at least one

of the panels indicated ambiguous wording.

Median 50'jo 25% 75%
Importance Prob. Prob. Prob.
 Scale 0-3! Date Date Date

Item

I arge-scale develop-
ment of summer homes

as a result of more

le i sur e tizne and f a s te r

transportation systems.
Broad panel,

Re gional s

1980 1974 1983

1980 1974 1985

A significant increase in
light industry, developed
because large amounts of
high-quality water are
available,

- - - Technical panel
e stimates

1980 1976 1984

1975 1975 1987

estimates are missing for those items that were not introduced until

the second round, The number under each figure is the item number

A comparison of the estimates of the technical panel respondents

with those of the decision makers for the eighteen developments con-

sidered by both panels is provided in Figure 8. For each round. the

panel medians  connected by a solid line! and the interquartile ranges

 connected by dashed lines! are shown. The rounds are numbered from

left to right for the researchers and frozn right to left for the decision

makers to facilitate the comparisons. The average judgznents of

respondents in each group who rated their competence in the area being

considered relatively high are indicated by asterisks ~ First round
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on the estimating forms. Note that for over half of the items �, 31,

36, 10, 41, 44, 6l, 65, 68, 17, and 57! the pattern is one a decision

maker would be pleased to see in a systernstic development of group

judgments. Generally, each group's median estimate for the final

round is very close to the median estimates of those who consider them-

selves relatively competent in the subject. Also, the consensus--as

measured by the interquartile range--narrows and the average estimates

of the two groups tend to come closer together. Some of the other

patterns, while not ideal from the standpoint of movement toward a

narrower consensus, provide a decision maker with information as to

a course of further inquiry.

For example, the consensus of the technicians on Item 35  page Z9!,

as measured by the interquartile range, has not narrowed. Further

analysis shows that the development is considered to be of great importance,

and a high percentage of the technicians  9 out of 14! rate their competence

regarding it relatively high. Thus a further exchange of information

among the technicians using a variety of techniques  conferences, seminars!

is indicated. There also appears to be no change in the estimates of the

decision makers through three rounds of feedback and reassessment,

although their average judgments differ considerably from those of the

technicians. This difference suggests that an exchange of information

between these two groups mould be worthwhile.

Vfhile the pattern for Item 76  pag'e 30! appears to be similar to

that for Item 35, the performance level specified for the technicians
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increased the production of nuclear-fueled electric energy Z5 per cent

or more, while the performance level. specified for the decision makers

increased 50 per cent or more. The average estimates of the two groups

appear to be consistent with the difference in performance levels. For

the developments on which three rounds of estimates were requested,

most of the movement in the summary statistics is associated with the

reassessments of the second round,

On the final round of the technical panel exercises respondents

were asked to make specific conditional probability estimates for pairs

of events that panel members had suggested were closely related. First

they were to consider the effects of the occurrence of the conditioning

event and then the effects of the nonoccurrence of the conditioning event.

One of the objectives of this procedure was to encourage panelists

to re-examine their estimates for individual events in the light of the

influence and probabilities of related events. Individual responses

showed that a relatively high percentage of respondents altered their

final estimates for these events, as is partially revealed by the graphs

of the round-by-round group statistics in Figure 9. In contrast,

/
Figure 8 shows that for those developments on which three

rounds of estimates were requested--but on which specific

conditional estimates of related pairs of events were not made--most

of the movement in the summary statistics was related to reassessments

of the se c ond r ound.

Statistical summaries for the balance of the developments suggested

and evaluated by the technical and broad panels are shown in Tables I and
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2. These summaries do not include those items that were suggested

and evaluated but subsequently screened from the deliberations, itenis

that were evaluated by all panels, or items subjected to specific condi-

tional pr obability e stimate s.

Sources of Pollution

A crucial consideration in planning for intelligent management of

water resources is the identification of the most important sources of

pollution. In making their judgments, panelists were asked to assume

a future social and political environment consistent with present trends.

However, it was expected that concurrent Delphi inquiries regarding

important developments and requisite technology would influence their

estimates.

On the first round the technical panel was provided with a list of

sources of pollution and specific pollutants thought to be important.

Panelists were requested to add other items that they felt would affect

a body of water comparable to Grand Traverse Bay in the next twenty

years. The collated responses identified seventeen additional sources

of pollution and eighteen additional pollutants for the panel to consider.

Since there were too many alternatives to present in a matrix designed

to encourage the careful consideration of several evaluation factors,

the primary objective of Round 2 was to narrow the number of alternatives.

The evaluation matrix of Round 3 presented the ten most important

sources of pollution as determined by a statistical summary nf the
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estimates made in Round 2  see Figure 10!. Panelists were asked to

distribute 100 points among the sources of pollution, according to

each one's relative importance, for two future periods. The informa-

tion feedback for the following round provided statistical summaries for

Group A, all respondents; Group B, those who rated their competence

on sources of pollution relatively high; and Group C, respondents in

Group B who were also relatively familiar with the Grand Traverse Bay

watershed area  Table 3!. Although Group B differed considerably in

size from Group C, the average estimates of the two were remarkably

close. This finding might suggest that technical competence is a more

important requisite f' or panel membership than familiarity with a specific

region, an idea that could have important implications for interdisciplinary

programs such as Sea Grant, in which research methodologies developed

for a subregion are to be applied to a larger socioeconomic system.

In the broad panel exercises the evaluation matri~ for Round 2

was similar to the final matrix used in the technical panel. The evaluation

matrix for the following round provided statistical summaries of the

estimates of both the technical panel and the broader-based panels  Figure

Final estimates of respondents of all groups who rated their

competence relatively high are presented in Table 4. A significant

difference in the estimates regarding the relative importance of the

effluent from the Traverse City sewage system suggests that a series
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of estimates conditional on specific social, political, or technical

developments could be used to determine the assumptions on which

the evaluators based their estimates. The reason for the differences

in estimates could also be sought through interviews and other means

of communication,

lf recommendations were requested regarding a specific situation,

technical experts would insist on specific quantitative data and analysis

regarding the major components of the waste water, the characteristics

and uses of the receiving water, and the efficiency of specific technical

approaches, In this exercise their recommendations apply to a hypothetical

community in a region similar to the Grand Traverse Bay watershed area.

Their judgments would undoubtedly be influenced by estimates relating

to social, economic, and political developments but would be conditioned

primarily by their knowledge of available technology.

Recommended Waste-Water Treatment and Dis osal S stems

Many communities in the Great Lakes basin are confronted with

decisions on waste-water treatment and disposal systems that will have

important consequences for the future socioeconomic development of

their region. This is a highly technical and complex issue, and decision

~akers must intuitively assess the judgments of experts in many

s pe ciali z ed a r ea s.

A systematic consideration of the available alternatives and the

identification of areas of agreement and disagreement within. and between

the three general groups involved in these Delphi exercises will aid
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planners from this region as well as those from many other communities

in the Great Lakes region facing similar problems and decisions,

Included in the technical panel's Round 3 information package was

an evaluation matrix that listed six alternative waste-water treatment

and disposal systems. Panel members were asked to suggest other

alternatives and to evaluate each of them in terms of two different

starting dates for the construction of the necessary facilities. Variances

in the estimates were to be attributed to assumptions about the technology

that would be available at the two starting dates. Panel members were

instructed to give 100 points to their first choice for each time period

and a portion of 100 points to the remaining alternatives according to their

value relative to the first choice.

The Round 4 information package provided panel members with

a summary of the estimates made in the third round. The evaluation

matrix for that round  Figure 12! requested two evaluations for the six

alternative waste-water treatment and disposal systems for two different

starting dates. In the first evaluation the respondents were asked to

consider all factors, in particular the technology available at the start

of construction; in the second evaluation they were to consider only 10-

year operating costs. Table 5 presents a summary of the estimates of

the technical panel for Rounds 3 and 4 relative to all factors. Note that

the estimates of those who rated themselves relatively competent are

remarkably close to those for the total panel on the final round--

significantly closer than on Round 3. As measured by the interquartile

range  middle 50 per cent!, the dispersion in their estimates narrowed

c onsiderab!y.
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The primary reason for including a highly technic al and coni~>Icx

issue in the deliberations of the broader-based panels was to c<»»n»i»ic ~1~'

the judgments of the technical panel effectively to people in the Grand

Traverse Bay region who will influence the way this issue will be finally

decided for their region through the political process.

The broad panels used the same evaluation matrix as the technical

panel in their final round of estimates, and they were a].so given a summary

of the results of the technical panel's evaluation of all factors except for

cost estimates. The broad panelists were advised that the technical

panel probably emphasized technical factors in making their estimates.

They were also told that the recommendations applied to a region similar

to the Grand Traverse Bay area and could differ significantly if the

technical panel had considered a specific situation.

A comparison of the average estimates of those on the technical

panel who rated their competence relatively high with the average esti-

mates of the respondents on the broad panels shows a very close agree-

ment for both planning periods  Table 6!. This agreement is evident

when panelists considered all factors and also when they considered ten-

year operating costs, although the values assigned to each alternative

relative to operating costs varied considerably from the values assigned

when all factors were considered.

Respondents submitted comments such as the following to support

their estimates:
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Discharge to the bay of the effluent from
systems based on the technology of alter-
natives one and three  physico- chemical;
biological followed by tertiary! is prefer-
able since some additional purification will
occur without making the river less scenic.

The judgments of the technical experts are believed to embody

risk considerations applied to a general situation, whereas the judgments

of the broad panels are thought to be more oriented to the benefits of

alternative approaches for a specific region and to the recognized needs

and values of the respondents. Cost estimates include operating costs

only; the consideration of investment costs and. financing methods could

be equally important to the decision maker.

The waste-water treatment and disposal system issue was under-

taken primarily to educate the participants and to explore the problem

of gathering a representative group of people and interesting them in

the problem. The results could provide important material for gaming

techniques and background information for deliberations using a variety

of methods of information exchange and analysis.

Re ional 0 ortunities, Problems, and Planning Strategies

A Delphi methodology was used to generate and evaluate suggestions

regarding regional opportunities, problems, and planning strategies.

The group summaries represent initial individual judgments because

these items were suggested on one round and evaluated on a subsequent

round but not subjected to iterative cycles of reassessments based on

statistical feedback. However, many of the assessments have been

influenced by prior consideration of the following in other phases of
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the Delphi exercises: �! the trends of statistical measures which have

traditionally been used to describe social and economic development;

�! the probabilities and importance associated with potential technical,

social, economic, and political developments; �! the relative importance

of future sources of pollution; and �! alternative waste-water treatment

and disposal systems.

should be singled out for special consideration by regional planners

according to the following scale..

1 = strongly disagree 4 = somewhat agree

2 = disagree 5 = agree

6 = strongly agree3 = somewhat disagree

Tables 7 through 9 compare the judgments of the Sea Grant researchers

on the broader-ba.sed panels with those of the decision makers. The

influence of the technical panelists is reflected in these judgments to the

extent that many of the items presented were suggested by them, and

their judgments in related exercises were available to the broader-based

panels. The group means are shown--a value of 3. 5 can be viewed as

a neutral group judgment--and ranking of the group means provides an

additional measure of relative importance. The interquartile range

 Q -Q !, which measures the total range of the rniddle 50 per cent of
1

th< india-idual estimates, shows the dispersion of estimates within a

On the final round a list of suggestions regarding opportunities,

problems, and p1anning strategies was presented to the broader-based

panels. Panel members were asked to indicate whether an individual item



Jc,

C0
C!

lA

«0
«0

vD
CO

CO

4

0
0

bO

6 0
0 0

0
o I
I

bO

2 0
0

m
~ H p

 U
v Q

cd

m

"0

O
A

Id
0

o

4
0

b0

m
d! g

cd

I
x +

o 0
m

0

0 o
d!

Id
o
0

cd

cd
o

~ ri

cd
4

0 m m
dI W dl

Id Id
Gcl

M cb
IU

g
VJ

0

~ 5

Id

rd

0

S 4 o
U'

0

m p

6 5

0

O 0,
0R

0

4 ~ 0
W
0

bD
4 cd «d

«II 4
0

0

E

0 0
m

Q
0

m
~ W

G 0



-68-

In
h3

LnCI
C>C!

LA

Q

O cd

0 C|I
O

C!
CO

I-4
0

cO 0 CI

< 0

0

0 0
0

cd

0 0
4
O rl

Q O

0

0 O Q cd
p

cO

0 9

o
Cd

U ~

h0

4 <0

b8

CtI

O 0 C4
I

9
Id

Q

O

r5

C4

0
cd
IU
V
4

0
0 cd

5 4
cd

rd

a
o a o

cd

I-I
<D~ O
cd
g 0 O
0 0 e

A

E '
0 5

0 'mcd
5

0
GP cd

c|I

Q

0 0
QO

o
5

~ S4
0 8

'zf

8 0
v

0
d

0
O I
I

bD

rd

<D

c5

v'



pn

0 0

4

C>

CO

COO CO

IUA 0
C4
K

U g,
I
I

41

hD

U 8 Cll
rd
5

LA
l

5'4M 0 P
 d

Cd
74
0

E o
aa

0
4

p
8

g! M
4

b0 p

E',
K '~ p

0
o

4
I

bO
I

4

E
b0 0

4

VJ

~ E

g
lD
4
p m

5
WA
g rh

Q

E 0

R �
A tB

I I

~

rd

v
0 'V

0

$
0 v

E ~
g4 0
0 f4

8 5 N

~ g

2 E

I
A

A

 d

Q

E~
S4 '~
0

8 rd
4



C3
O

«0

At

Q

0

V

C!
CO

LA

C!
«0

Q

0

V I I
bO

cf

0

U

0

0 t-4
0 At

o

E
g

Q
Q

K

'V

Q 0
0

I I

0

< 0

o

0

Q

4 Q

cnM

-70-

0

W
0 't..

0

Q

p
Q
p rrr

Q~ w
p

U

CO

rb

Q V Q
bO
4

A 0
V
At

Q
A

0

0

0
U

0

Q 6 V
g
00
At

0
4

4

Q

0 bO

At 4
Aj

~~ A
r6

Q

Q
V Q
Q

Q

At

0 p
Q

0 m
W

4

bO 0
4 ~

Q

0

hQ
Q

At Q

V v g
Q V

bO~ 0 ~

Q
rn

bO

a Q >O



CO

I C7

Q 4 0

8 o 0
4 0

gl

0 C4
0

Q

K cr

0 0 0
C4

o

QO CO

4
4 8
0

 a

0 g

m

o ~

nl

x,g

l I

U
~ H Q

~ A Q!

4 0
0

K
0 �

Q
0 n$

O

o 2
~ H p
R

<P

0

p 0 U3

p 0
8

e

0 -~

4

N

K g

P 0
0 0
bO W bll



-72-

C>
CO

LA

6

Q Q 0 OO
Q

Q M

O 0
f0

a p
4

co
p

g

p

C4

m~0

4
0

' T4

Q
a

Q C4
0 Q

m

E Q
0

Q

W 4
M

m m
m

d

~ AO

Q

w
p n$

C4

O �
g

0'W Q
Q

~ E
0

o 0
Q

0
Q
g Q
� bo

O
O
al

Q
0 ca

0
W g
0

Q c

Qg b0
0,~

Q
4 ~ C9

Gaw

'g 0 0 0
0

0

~ m
<a

0 4

0

Q bO
g O

Q ~ r4 p
A m
d

Q Q

I
Q td

4

g

0 O

V5

E

0

O I

Q

5
0 4



O

a

0

A C!

4

rd
o G

E

CP

5

U
4 Q

cnK

0

0

0

I
I

Crd

4

M rrr

0
4

~ M rd

E
0

rd
rrr 0 R

0 e ed
Cd!

< o
c

e

Q 0

A
0 W
dr

rd
4
0 .w di

0 0 d!
rLl <D A

4 4 i"-4 m
rd 4

DW W.M

r'
0 0

rd rd
0
0

M

8 0
o 0
4 g

0
8

4 S

S ~ C
0~ dr

~2 o

rd

0

6
0

74

ro
rd

o

0 4
0

W 0

di

0 0
S4

rd
A

dl
A

Q0

rrr rd

4 <p

C g
o



0

eel

CO

O

0

C 0 0

I

0
CLO

O 0
O OO OO

LA

0

cd

0O
S>
0

0

I
I

bo

Q
cb
e

4
cd

cd

II Q
Ecd
bo

o E

cd

L0

cd

I

0

~ W E 0 0
'a

'U

C4
E
cd

cd

cd

U

4 0
cd

0
A

.> E

8

~ '2
Cb"8,

cn

ca g!~ W

0
cd

g Ib

4
5

0 m
4
C4 g

4
Id

0

0

g

bl> ~
|LI~ W

cb
cd to
S

g 0

85
Cd

Q
~ M Q

gl C4
S 0

W
0

'a 4
CP

4

4
0 0

V 0 g 5
dl 4

0 0



O

CO

0

'0 0

47

8 8 r5

E

I
co �

0

5

Q

R

C

O O

0

K
0

M

0 0
Q

4 o <U
W

I

rd

W 0 v'
O 0

o 5
9 4

o

97 p
g!

6

re
tQ 0

4
5

, E
8,0

0
 p
w

8

bd
g

bQ m
o
Q

W
U

Lcl O
O

0
g 4

o w

8

5

 d

h0 rd
o

<D

9 m
~~~a

o
p

0<~
h0 0

C4 W

V!
S

A td



-76-

Q

a

0

<Ll

0' o 0

C>

tD

4 Q

00

8 0

6

I

4
0

VJ

V 8

00

o
n$

m
K I

ok~

0 8

0 8
rd

w

p p 0

t6 g

E
IU g!

0
0 ~ 0

0
A

a ~
at

o U ~

M
M

rd ~ 40
e

5

o N

Q I
g
0 IU
V
 Q
Q

4
Q

4 g

Q
m

5 M r5
'U

w M  p
0 4

0

0

~ W

m
0

I
K

p CP

IB

0 U
m r5

G4 ~0

0

$ 8
o 'g
4 q!
Q

A

0 bD

e
g CO

<' E
e o

JET0

 a ~

0
g: 4
0 O 4
ME E
S e5

b0



-77-

O
O

4

4 0LH 0
A
0

0 4

A Q

4

7;

o

0

A Q

< 0

4 O

 h

rt
rd

C4
o

 L 

0
4

 L

C4 M
0

0
K

~ o-

4
 gJ

A

0

U P g!

K

I

E

g

K <UN

~ +

Q
M A

w
o 0
0



COC>

C!

cd

E

d}
d}

0

d}
0

C>
c0

4

 J
4 Q

o

o ~

w 0

cd
ca

d}
rl

C4 4

o wcO

I

cd
co ca q!

cd 0

bO
ed

4 0 c}}
a}

bO ca
cO
ca

C4
4

cn

bO a}
g 4

d}
Q! 0

cd

Ql
bO

4 4

c}} 0

'g
4 d}
c}i v
ca

d}
4

h

bO

A

c}}

C4
dP

A c}p
aj
0 d}

bO cd
g

d}
Ula
o

0
U

I

0

d}

g

c}} a}

g> bO

I

cd

0

A

4 0
a}

bO

w 0

4
aj

0

tO bO

C>
C>

0

cd

d}
d} g

I

4 aj
c}}

0
cj} S4

bO

4

d}

g4 a!
0

v

cO
'0

"0 0 U I I
c}}
bO

cd

0'



-79-

0
«0

< 0

5 rd
U5

0

I

rd

g rd

0

<0

1'

o

0

5
Q

5

4 Q

rd

I
5 1

rl Q
4 ~ o

Q0
0~ 5
o

ed
bll ~

0 o bll

0

r,O ~
5

5 w 4
Q

~ w 5 m A
m g g

5
5 ~ Q 0

4
5 0m~5

I

rd

5
~ E
rd u

0

A H

re

5
o

0

5 Q

5 W
0

nj

4
I

rd 0

0 5

g
5
E r..~

5
0E~
Q

rd
5

4

0 5

4 4 0 4 0
rd

0

E

4 rd
5 5

ip 5
rd

rd

0

o 0
4

0
5

0 «d

5



CV!

Ill

8

m~0

0
G
0

lO

4 Q

m

' E

A

0

A

E o

0,A

4

V A

m

0
m

 Qm
W

'j+gA
QJ

l5

0 $
m

0
V

0

Ol

Q Q
m

m
V

4
Q~ ~ ~

m
g '0
p 4

C4

-80-

Q

5

 O p

lO <p
m
0

0

4
P 0OO

A m
V
'H, <."

al

0
8 OO

4 A+1 + rl
CP lO
m

0 A

0
OO +a
4

Q!

al
0

lO

rd
w
0 8

4 8

0

4 V

0

A
V 5
V

m

0 6

6
0

M Q g

0'~ 5

lO

50~
OO

e 2
'~E
lO 4

0~ ~ C4~
m

OO S

4 4
I ~ lO

p

5

a

4

'zj

0

00

4 5

lO
4



-81-

o LCl

4 V IO
CI
LCIC!

C!

O LA

bD

0 0

V 0Id

0

E
C4
0

A

4 Q
4

o

0

dI

a
ro

rd 4
0

V

0
rd C4

0

bO ~

40

4 g
Q

Em~C4 j
0 0 ~

0
V~04

0
rd
0 .~

A ~

O g

0

m

0

b0 A

 Q

pdjo
dj g

U! 4

0

dj
V
V

W
rd

E
bO

III

0
',g rd

W
0

I

3

0 V
Id

0

4

I

4 0 0
<Ll

Q

0
~ 0

W 0
A

e
bO

II'
v



-82-

Cl
vD

LA

CO

ccl

~r
o

rO
ro

rd
cO

0 R 0 E
bO

0

0 m

cd

1O

V5

p bO

o 0 rd

D C4

< 0

o

0

A

0

0
cO rO
rO bO

o

crl
0

41 U

bO Q
rd o

rrl

0 Q 4
o e

0 cd
o

1G

e
bO

0
W

cd

0

0
rD

Q 4
0

1
4J

0 4
0
C4

0
P ro
0~ W

CJ
co ro
co

cO
rO ~

bO

rO

cd

CP
rO

0
g

4 rd
~ w

A o

Q

rd

0

p rO

4
4e~

0
0 rh
o

cd rO

0
bO rd

dl
C4



C!

4 dl

Q CQ

C4

0 0 C4
bO
Q

4J
U3

cd

C4

I-4 Q

a

0

0!

p

e >
0 g 0
b6.~ 4

8

 p
0

S
0
C4

y 0 ~Cd
4

4

s

E,g Vp
gp 0

 Q ~ M

-83-

0 g
0 cd

ba

g 0
C4 ~!

Pa .9

.0 V
cd 8
V 0

Ql

g ~
cd

0 bD
0

cd

0 0
cd

e U

Q

4

0

0
C4

Q 8
V

tdl p,
g!

2 g
0

0

lp
0

~ w V
g o

4 >

PO
"0

0
5

e
V

0 0
R
y 8
e 8



-84-

These tables indicate reasonable agreement within groups  as

indicated by the interquartile range! and between groups  as shown

by a comparison of the group means!. Although the primary interest

in these exercises was to identify areas of disagreement and the under-

2/
lying reasons for them, a Delphi inquiry � provides an accounting of

the complete set of items that was considered by the respondents--an

important concept when an interdisciplinary team of researchers is

involved.

Re ional o ortunities

Considerable disagreement was evident among the answers the

decision makers gave in their evaluation of regional opportunities:

Potential availability of nuclear -fueled
plants generating electric power
 Q -Q = 4!

3 1

Item No. 2

Item No. 7 Gas well development and transmission
of products  Q -Q = 3!

3 1

Potential for development of a cultural
cente r similar to A spen, Colorado
 Q3-Q1 = 3!

Item No. 15

2/ The term Delphi inquiry refers to the co~piete Delphi process.
It was suggested by Turoff, who observed that any particular Delphi
design can be characterized in terms of the "inquiring systems"

Its Potential Im act on Information S stems, Paper 81, paper
presented at the Fall Joint Computer Conference, Washington, D. C.,
Nov., 1971  Washington, D. C.: Office of Emergency Planning,
1971!,



Item No. 16 Time to plan and control future growth
 Q3-Q1 = 3!

Strategic geographical location--access
to waterways reaching all sections of the
United States  R = 3. 86, X = 5. 00!

DM

Item No. 3

Item No. 5 Public awareness of environmental problems

 X = 5. 71, X = 4. 82!

Item No. 15 Potential for development of a cultural
center similar to Aspen, Color ado

 X = 4 29, X = 3.45!

Item No. 21 Development of limited access highways
within the region

 X = 3.86, X = 5,20!

Item No. 23 Growth of industrial parks

 X =400, X = 491!

Re ional roblems

There was considerable disagreement among re sea r cher s'

evaluations of regional problems.

General breaking down of traditional
cultural and social restraints

 Q -Q = 3!
3

Item No. 41

Answers of decision makers indicated disagreement regarding the

f ollowing items:

The answers given by the researchers and decision makers

indicated disagreement between the two groups, on the average, regard-

ing the foll. owing items:



The principles of somethin for nothin
and ever thin imrnediatel underlying
many attitudes  Q -G = 3!

3 1

Item No. 42

Changing land-use patterns affecting the
development of seasonal home construction
 Q-Q=3!

3 1

Item No. 59

Item No, 65 Extra millage for school systems  Q -Q = 3!
3

The answers given by researchers and decision makers indicated

items:

Item No. 40 Progressive deterioration of environment

 X = 6.00, X = 4 73!

Item No. 42 The principles of somethin for nothin
and ever thin irnmedi ate 1 unde r lying

many attitude s

 X = 3.71, X = 4 60!
R

Item No. 45 Exploitation of the area by oil
companies in their quest for oil
and gas

 X = 5.29, X = 4. 36!
R

Item No, 46 Conflict over resource allocation between:

a. Middle-class conservationists

oriented to leisure;

b. Needs for expanding the economy;
and

c. Demands of the black and poor for
compensatory treatment

 X = 5.43, X = 4.45!

disagreement between the two groups, on the average, concerning these



Item No. 66 Greater use of Grand Traverse Bay water
for industrial cooling

 X = 4.86, X = 3.70!

An incr ea sing inability of pre sent
institutional structures and frame-

works at the local level to deal with

the complexities arising in the manage-
ment of the natural environment

Item No. 70

 X = 6.00, X = 4.20!

Re ional lannin strate ies

Researchers disagreed on this item in their evaluation of regional

planning strategies:

Item No. 87 Development of a large Indian village
 Q3-Ql = 3!

The answers of researchers and decision makers showed disagree-

Item No. 72 Setting aside large areas for agricultural
purpos e s  Q -Q = 3!

Establishment of a use permit for those
who neither hunt nor fish so that they
may pay their share of the cost of
adminis tr ation, pur chasing, etc. of
state and federal lands. Use permit
would entitle holder to use trails, pick mush-
rooms, and otherwise use these lands for pur-
poses other than hunting or fishing  Q -Q = 3!

3 1

Item No. 81

Items 72 and 83 were identical to check the reliability of the

estimates. The group means for these items were 3. 29 and 3. 43

for the researchers, 4. 82 and 4. 70 for the decision makers. This

indication of reliability is consistent with findings regarding the

ment between the two groups, on the average, regarding these items:



-88-

reliability of estimates in other phases of the Sea Grant Delphi

3/
exercise s.�

3/ See John D. Ludlow, Evaluation of Methodolo in the
Univer sit of Michi an's Sea Grant Del hi In uir . To be published
as Sea Grant Technical Report No. ZZ.



IU

FUTURE USE OF A DEI PHI METHODOLOGY

The three groups who participated in the Michigan Sea Grant

Delphi exercises--technicians, behaviorists, and decision makers--

contributed to a comprehensive evaluation of the methodology. Their

evaluations and the information obtained in several specific applications

of the techniques provide empirical data for judgments regarding future

use of the method in the Sea Grant program. Only two potential

applications will be mentioned here, The phases of the present Delphi

inquiry that correspond to the recommended procedure are cited.

Selection of Research Projects

The results of the phase of the Delphi exercises devoted to

research priorities will be valuable as background information in

selecting resear ch projects ior the Sea Grant program. A cost-benefit

type of analysis similar to that used to evaluate waste-water treatment

and disposal systems appears to be feasible and should include at least

1/
the first two steps outlined below.�

1/ For another approach to project selection that is based on a
Delphi methodology see Future 0 ortunities for Foundation Su ort
by Olaf Helmer, IFF Report R-'3 l.  Middletown, . Conn.: Institute for the
Future, June 1970!.
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1. Identify and weigh the objectives of the Sea Grant program

using a Delphi inquiry. The objectives used in the formal

evaluation of the method's effectiveness were related to

three management tasks that corresponded closely to

stated objectives of the Sea Grant program: the involve-

ment of an inte rdi s ciplinary g r oup of r e sear cher s, the

integration of their informed judgments, and the communica-

tion of these judgments to regional decision makers. Projects

could also be evaluated on the basis of their contribution

to the more general goals of the Sea Grant program:

education, research, and public service.

Modify the effectiveness factor by a risk factor, r.,
1

associated with the probability of success of the project

at several levels of funding, C., i = 1, 2,..., k where
1

k is equal to the number of levels of funding  normally a

3.

minimum level and a recommended level!.

4. Thus obtain a rough cost-effectiveness factor for each

project on each level of funding:

Er.
1

X. = �, i = 1,2,...,k
1

1

2. Evaluate each project against the basic objectives or goals

identified in Step 1 to obtain an effectiveness factor, K.



5. Modify the effectiveness factor for a project on the

basis of its relationships with other projects. The

degree of modification would be a function of the

number of projects supported, their effectiveness

factors, and the nature of the interdependencies.

In the phase devoted to judgments concerning research and in-

formation priorities, two important issues were raised which ax e

pertinent to project selection.

The first issue concerned the integrity of the individual or group

responsible for designing the evaluation forms, collating the responses,

and determining the information that will be fed back. Respondents

must be assured that their remarks and evaluations will remain anonymous

and that the specification of the projects and the surnrnaries of the group

responses will be impartial.

The second issue concerned the threat to the policy-making group

of having their responsibility for decisions replaced by a mechanical

process which could not possibly quantify or combine all of the factors

that are normally considered by a decision maker. A Delphi method-

ology is intended to support the policy-making groups by providing

information that may not otherwise be available to them. If policy

is determined. by a committee, for example, some administrative,

sociological, and. psychological barriers to a candid exchange of views

are introduced which may be best overcome by a combination of a



Delphi methodology and interpersonal techniques. In additio~, a

Delphi inquiry can provide feedback on views held by researchers

who do not normally attend policy-making meetings and colleagues

who are not directly associated with the Sea Grant program.

In the light of our experience with the Delphi method relative

to research and information priorities, it is recommended that the pro-

cedures for project selection which are suggested above be used only to

narrow the number of projects for the policy cornrnittee's consideration,

leaving a good bit of discretion to those responsible for making

programming decisions, Areas in which discretion would normally

be exercised in the Sea Grant program include:

1. Judging balance between problem solving and

basic research

2. Integrating cooperative activities of other

resouxce management projects in the university,

business and industry, state and local agencies,

and interested citizen groups

3, Obtaining inputs from all basic disciplines

that can contribute to the concepts of an

interdisciplinary team and a systems approach

to problem solving

4. Exploiting the competence of persons or groups

that are capable of exercising state and national

le a,de r ship
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5. Evaluating the credentials of investigators

systematic procedure for considering projects that niakc up

the Sea Grant program would not only provide better information for

the decision makers but also would have other important beneiits,

such as:

Encouraging those who advocate projects to

consider their contributions to the objectives

and goals of the Sea Grant program and their

relationships with other projects--thus stimulating

an integrated mission-oriented viewpoint

Convincing pr e sent and futur e Se a Gr ant2.

participants that their projects will be judged

in a systematic way

Providing an effective mechanism for stimulating3.

communication between participants in different

projects

Communication between Researchers and Decision Makers

In the forrnal evaluation of methodology associated with the

present exercises, the Delphi techniques were judged to be effective

in conveying the informed judgments of researchers to regional decision

makers. Success in this role was attributed primarily to the participa-

tion of local community leaders on the panels and the reinforcing effect

of iterative cycles of feedback and reassessment. The Michigan. Sea



Grant program provides some indirect opportunities for the Delphi

techniques to contribute to the improvement of communications between

researchers and decision makers. For example, an objective of the

gaming-simulation project is to function as a communications mechanism

through which research findings and results can be presented to local

1. Data which can be helpful in describing social,

economic, and political forces affecting the region's

development during the next twenty years

Regional planning strategies, listed in order of2.

preference for both university researchers and

regional planner s

3. Problems and issues which provide the link

between the simulated regional area and a set

3/
of decision roles which are gamed-

2/ The gaming-simulation concept for the Sea Grant program
is presented in "Developing Alternative Management Policies,"
Unpublished report, University of Michigan Sea Grant Office,
1971.

3/ Ibid.

decision makers and leaders who wiU. be invited to participate in gaming-

simulation exercises. The substantive results of the Delphi exercises

could provide the following types of inputs to the gaming-simulation

2/
activities.�
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In addition, a Delphi methodology could be integrated with the

gaming-simulation concept to provide a consensus of expert judgments

regarding forecasts for the region and the consequences of alternative

planning strategies. This would give the gaming-simulation exercises

a more dynamic aspect and provide motivation for the participant.

General Applications of the Method

A Delphi inquiry interspersed with interpersonal techniques has

advantages over other methods in a wide range of situations involving

subjective judgments and group communication.. At a meeting of the

4/
District Commission for the Northwest Development District,� interest

was shown in an interim report on the Sea Grant Delphi exercises

which outlined a simplified type of Delphi inquiry designed to make the

monthly meetings of the commission more effective. Each county in

the district is represented by a commissioner. The commissioner

has advisory and decision-making authority for a program with the

goal of improving the economic well-being of present and future

5/
inhabitants of the district.� It was suggested by the conference that

4/ See Figure l.

5/ "Prologue for Accelerated Growth of Economy," Report of
the Northwest Michigan Development District, Traverse City, Michigan,
October 1968.



Delphi including planning groups whose interests overlapped and timed

to support committee meetings would offer the following benefits in

addition to those mentioned above:

l. Obviate the need for attendance at some meetings

for some individuals

2. Better utilize the time spent at meetings

Improve communication among planning groups3.

and avoid unnecessary duplication and conflict

4. Promote a better understanding of the complexities

and interdependencies associated with the decision-

mak i.ng pr oce s s

a Delphi inquiry would permit the commissioner and the people he

represents to identify key items and issues for consideration jointly

at the monthly meetings. The procedure would provide the commissioner

with feedback regarding preferences, needs, and capabilities, and the

people in the region would have assurance that their viewpoints were

being solicited and fairly represented. Both groups would have a

continuous accounting of the items considered by the commission, with

some descriptive term denoting importance, desirability, feasibility,

impact on other projects, and so forth. Commissioners who participate

in several planning groups  city, township, county, and region! indicated

that committee meetings make heavy demands on thei,r time, particularly

since considerable travel is involved. It was suggested that a continuous
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Concentrate attention on the most important issues5,

6. Help alleviate the information gap resulting from an

overload of data

and regional opportunities, problems, and planning strategies. More

important, a critical evaluation of the method has shown the potential of

a Delphi inquiry for improving the dialogue between researchers and

regional problem solvers.

The Sea Grant Delphi exercises have provided some initial

judgments of a multidisciplinary team of researchers and potential

users of research data regarding: the importance and effects of

technical, social, economic, and political developments; sources of

pollution and recommended waste-water treatment and disposal systems;
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