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ABSTRACT

This progress report summarizes our research activities under our consensus

grant. In year five, we devoted much of our activities to completing

fundamental research projects delayed because of the considerably stepped-up

effort in consensus processes efforts during development of DOE's Five Year

Waste Plan (FYWP). Following our work on various procedures for bringing

together groups such as the State and Tribal Government Working Group and the

Stakeholders' Forum (both of which provide input to the Five Year Waste Plan),

we compiled a literature overview of small-group consensus gaining and a

handbook for consensus decision making. We also tested the effectiveness of

group decision support software, and designed a structured observation process

and its related hard- and software. We completed studies on experts and the

role of personality characteristics in consensus group influence. Results of

these studies are included in this final report.

In consensus processes research, we were unable to continue studying consensus

groups An action. However, we did study ways to improve ways to improve DOE's

technological information exchange effectiveness. We also studied how a new

administration identifies what its strategic mission is and how it gets

support from existing EM managers. We identified selection c_Iteria for

locating the EM exhibit, and tested our audience selection model. We also

further calibrated our consensus measure. Additional conference papers and

papers for journal submission were completed during year five.
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INTRODUCTION

BACKGROUND

On September 30, 1988, the Office Director of Defense Waste and

Transportation Management entered into a Research Grant on Consensus

with Management Systems Laboratories (MSL) of Virginia Polytechnic

Institute and State University (Virginia Tech}. Dr. Harold A. Kurstedt,

Jr., the Hal G. Prillaman Professor of Industrial and Systems

Engineering and Professor of Nuclear Engineering, and MSL's director, is

the principal investigator. The grant is based on a proposal entitled,

"Research and Development of Methods and Tools for Achieving and

Maintaining Consensus Processes in the Face of Change Within and Among

Government Oversight Agencies (June 1988)."

MSL is a functional part of the Department of Industrial and Systems

Engineering within the College of Engineering at Virginia Tech.

GRANT OBJECTIVE

In contrast to the autongmY of authoritarian rule implemented through

edict and backed by force, the key defining feature of the organizations

responsible for making American government work today is "Dolvonomv," a

term we've invented to signify that responsibility and power are lodged

not with any one agency but are apportioned among many agencies and

subagencies. Polyonomy requires consensus backed by negotiation and

persuasion. Government Oversight Agencies (GOA's)--those bodies at all

levels of government (federal, state, and local} charged with

implementing lawn made by the Congress and by state legislatures--face

the monumental but essential task of coordinating their overlapping

roles and responsibilities. And that's not all. They must learn to

cooperate within an environment which engenders and rewards dissenting

views, and they must further learn to maintain the ability to cooperate

over long periods of time, to coordinate necessary adaptation to

inevitable change. The need is urgent for longitudinal, real-world

research on mechanisms to create and maintain processes for helping

GOA's achieve quality consensus decisions.

We hypothesize that consensus evolves and recycles through four phases--

Planning, Building/Maintaining, Implementing, and Post-Implementation--

within an external environment determined by four elements--Compulsions

(Drivers}, Information Gathering, Communications, and Reward Systems.

Consensus can be strong or fragile, real or apparent, healthy or

unhealthy. Our aim as researchers is not to judge whether a particular

consensus decision is good, bad, or neither good nor bad; but rather to

understand consensus and the kinds of consensus, including the factors

contributing to these kinds and the necessary steps to take in achieving
the kind of consensus desired.

To move GOA's toward successful implementation of high-quality decisions

involving large and serious national programs and requiring the

participation and consensus of many agencies, jurisdictions, and



interest groups both within and outside the primary responsible GOA's

direct domain, MSL, under the grant, plans to accomplish the following

objectives:

To use the real-world laboratory of the U.S. Department of Energy

(DOE) Office of Defense Waste and Transportation Management (DWTM)

Environmental Restoration Program (ERP) as a generic GOA test case

to understand consensusz its definition, characterization,

measurement, implementation, improvement, management, and effects

on other thlnge;

To find, study, invent, develop, and refine better tools and

methods for consensus, integrating them in a tested consensus

process or processes, and documenting the integrated results in a

Guide for GOA managers;

To determine the ways and degrees participative processes are of

value to GOA's; and

To improve decislon-making within and among GOA'o by giving them

the methods and tools to achieve and maintain consensus processes

in the face of change.

Our proposed research focuses on participative, consensus-based decision

processes and on building into these processes the flexibility needed to

participatlvely adapt consensus-based decisions in the face of

inevitable changes. Our approach to meeting our research objective is

to conduct research and development in six interrelated effort areas:

theory and concepts, test sites, consensus tools, frameworks and models,

consensus methods, and consensus process. Figure 1 represents our

ReBearch Concept, which forms the basis for our technical approach and

our research plan. Our activities in the six effort areas relate to

each other, as we take the clockwise and inward path of exploration

indicated by the figure. The work will also advance the body of

knowledge relating to consensus, as, moving counterclockwise and

outward, we discover, refine, and confirm theory and concepts. This

dual-path approach allows us to achieve the overall goal of the proposed

research: both a theoretical and an applled understanding of consensus.
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Figure 1. The Research Concept (showing the inward path) proposes six
effort areas leading to the research objectives.

We distinguish between Consensus Methods and Consensus Process, as used

in Figure 1, in the following way. "The word me,hod, thought to have

first appeared in Plato's Phaedrum, comes from two Greek roots meaning

along and way. Method therefore refers to the series of steps taken

along the way to a given end. It tells what you must do to achieve a
specific goal" (Gould L_ L_., 1988). We view a process as the

appllcation of a set of methods linked by rules. The distinction we
make between a method and a process is that the relationships between

the steps in a method a_e well defined, whereas the relationships

between the steps (or groups of steps called methods) in a process are
not necessarily well defined. The latter relationships have a degree of

uncertainty. The rules in the process are heuristic, offering the

manager expert advice on assessing whlch'steps to execute at any point--

"Before you do this, be sure to take that and the other into account,"
or, "If such-and-such happens, it looks like you could do one or both of

the following things." Rules are probabillstlo, hlghly-educated

guesses, as contrasted with the linkage in the method, which is certain-

-"I_ you do this and then this, you'll get what you need."
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If we look at the Research Concept and the relationship arrows in Figure

1, we can get an overall picture of how the pieces fit. To understand

consensus, we need to explore things about consensus. We need to define

it, characterize it, measure it, implement it, improve it, manage it,

and understand how it affects other things.

In Figure 1, the dots in the center circle represent our realization

that there may well be other factors involved in understanding

consensus, which will come to our attention as we move forward from our

current knowledge and experience.

The question is, how do we go about this comprehensive and monumental

task? Let's look at Figure 1. Framework8 and Models represent our

hypotheses (our current understanding} about consensus. These

hypotheses are grounded in established Theory and our experience with
the Test Sites. From these frameworks, we see the need for Consensus

Methods. Some of these methods exist; most existing methods, we

believe, need changes; and many methods--especially in the area of

measuring consensu_ (both kind and degree; both during group decision-

making and later on)--will have to be developed. Methods require Tools

to implement and Sites for testing to ensure the methods do what we

expect. The next logical question is how to combine these specific
methods to obtain consensus. Rules connect methods and indicate tools

and tool preferences. We therefore hypothesize about the Consensus

Process and perform tests to see if the tools, methods, and rules we've

developed accomplish a higher degree of non-fragile consensus. This i8

what we call the forward (clockwise and inward) pass through the

Research Concept.

Once we've reached a new understanding consensus through the forward

pass, we take the backward (counterclockwise and outward} pass through

the steps, which results in verification or revision of the Theory and

Concepts surrounding consensus. The two passes are analogous to a

mathematical proof, which starts with the theory and executes to some

point of finality (Forward Pass), then hits the "Therefore" statement to

prove false or some aspect of the theory (Backward Pass).

Though we've explained the relationships in the concept in a sequential

(serial} manner for clarity, they are often executed simultaneously (or

in parallel). The flow of results is most often understood logically in

a clockwise, outside-to-inside manner starting with Theory and Concepts

and ending with the Consensus Process.

We'll derive new theories, concepts, frameworks, and models for

consensus and confirm (or confirm modifications of} existing ones. From

these we'll derive well-defined tested methods comprising _ools for

generating, measuring, and managing consensus. Benefits will include

more and better participatively-generated ideas and decisions on

prioritization of program activities; constructive, not destructive,

involvement of legitimate interests through a sense of mutual ownership

and cooperative concern; sustained program momentum through decreasing

intra- and inter-organizational conflicts--in short, maximizing the

amount of program energy devoted to program tasks and minimizing the



amount of energy wasted on frustration and friction among polyonomous

program elements.

Everything we do in our proposed research will in some way culminate in

our envisioned Guide to the Consensus Process. This Guide, an expert

system for managing consensus processes, designed to repllcate the

behavior of a deeply knowledgeable and practiced GOA consensus

consultant, will show how to apply the right sets of methods according

to the right sets of rules to achieve and maintain consensus decislons

within the total variety of program-managerial situations. The Guide

will be a major (and unprecedented) consensus management and training

tool, portending more lasting and more predictable program success than

could otherwise be hoped for. In addition, as the research progresses,

the idea of this evolving Guide will serve a focusing, vectoring role

analogous to that of the integrative study of the late 1970'o at

Savannah River within the Alternate Fuel-Cycle Technology Program. This

expert system is an excellent candidate for development as first a

document and later an automated tool, the development of both of which--

including the many sub-efforts on which their construction depends--will

furnish fertile ground for Masters theses and Doctoral dissertations.

FIRST-YEAR PERFORMANCE REPORT

Our annual performance report describes the previous year's research

efforts. To meet the May 29, 1989 deadline, the reported content in our

First Annual Performance Report ended May 1, 1989. Since our grant

started on September 30, 1988, our performance and reporting years

overlap by five months.

SECOND-YEAR PERFORMANCE REPORT

In our Second Annual Performance Report, we described our performance

for the first seven months of the second grant year, covering the period

September 30, 1989 through May 1, 1990. We reviewed this partlal

second-year Performance against the second-year projections in our

proposal and the projections in last year's annual performance report.

We also updated the remaining months of the first grant year not covered

in the First Year Performance report. This report reviewed the partial

second grant year under the heading "Grant Second-Year-to-Date Progress
Review."

THIRD-YEAR PERFORMANCE REPORT

In our Third Annual Performance Report, we described our performance for

the first five months of the third grant year, covering the period

September 30, 1990 - March 1, 1991. We reviewed this partial third-year

performance against the third-year projections in our proposal and the

projections in last year's annual performance report. This report

reviewed the partial third grant year under the heading "Grant Third-

Year-to-Date Progress Review." We updated the Grant Second-Year-to-Date

Progress Review with the remaining five months of grant year two. Since



this report ks cumulatlve, the Third Annual Performance Report included

all of grant year one and two, plus the first five months of grant year
three.

FOURTH-YEAR PERFORMANCE REPORT

In our Fourth Annual Performance Report, we described our performance

for the first five months of the fourth grant year, covering the period

September 30, 1991 - March 1, 1992. We reviewed this partial fourth-

year performance against the fourth-year projections in our proposal and

the projections in last year's annual performance report. This report

reviewed the partial fourth grant year under the heading "Grant Fourth-

Year-to-Date Progress Review." We updated the Grant Third-Year-to-Date

Progress Review with the remaining seven months of grant year three.

Since this report is cumulative, the Fourth Annual Performance Report

included all of grant year one, two, and three plus the first five

months of grant year four.

FIFTH-YEAR PERFORMANCE REPORT

In our final report, the Fifth Annual Performance Report, we updated the

Fourth-Year-to-Date Progress Review with the remaining seven months of

grant year four. We also reported on year five and the six month

extension, covering the period September 30, 1992 - March 31, 1994. We

reviewed the fifth-year performance against the fifth-year projections

in our proposal and the projections in last year's annual performance

report. Since this report is cumulative, the Fifth Annual Performance

Report includes a review of grant year one, two, three, four, and five.

CHANGES SINCE LAST YEAR'S ANNUAL PERFORMANCE REPORT

Increased emphasis on modelling the EM environment is reflected in our

Grant Fourth-Year-to-Date Progress Review, and our continuation proposal

for year five.

During the first two years, we spent the majority of our efforts under

the domains of consensus processes and information systems studies. We

established our relationships with the managers and staff of DOE's

Office of Environmental Restoration and Waste Management (EM}, formed

consensus groups beneficial to EM's programmatic mission to create

opportunities for studying consensus, and we worked in areas of EM to

gain an understanding of the organization, its processes, and the

progranuuatic mission. These are prerequisites for studying consensus in

the real-world environment. These studies focused on understanding the

body of knowledge--typically limited to a literature review in basic

research and establishing the research environment. We accomplished the

above objectives through assisting wii_h EM's five-year planning,

organizing and facilitating various groups such as the States and Tribal

Government Working Group (STGWG}, and establishing and running the EM

task force on information systems studies.



Early in year three, we made a concerted effort to identify those

activities which have matured and should be moved to EM's organization.

We have also identified studies completed through different contractual

vehicles and/or organizations. Therefore, a number of studies have been

completed under this grant.

Late in year three and during year four, the work under the domains of

consensus processes and information systems studies focused on

developing models of the real-world environment related to the

conceptual models of consensus developed in the domain of fundamental

research. Year five was primarily devoted to concluding fundamental

research deferred because of the need to devote more time to field

studies in the early stages of the grant.

RESEARCH ACTIVITIES

FIRST-YEAR PERFORMANCE REVIEW

We submitted our proposal and received our grant on consensus before the

election of 1988. And because of the election of 1988 resulting in the

election of George Bush and his appointment of Admiral Watkins, the

Department of Energy i8 committed to changing its culture based on a

consensus orientation. What a fortuitous and unexpected course of

events for our research efforts! Our life, instead of trying to promote

some consensus activities and find areas and set up test sites where we

might study consensus, has become one where our whole research-

laboratory world (EM) has turned into large and comprehensive consensus

activities. Test sites are everywhere. The opportunities for consensus

studies are enormous. We've been thrown right into the middle of it.

Data for studying consensus are everywhere and our job is to organize

our observations and define consensus variables 8o we can take advantage

of the opportunity.

Consequently, much of our first grant year dealt with the presidential

transition which, as directed by the new Secretary of Energy, i8 a

transition to a new culture based on consensus. We believe, as. we

discussed in our proposal, this dramatic change in DOE i8 also motivated

by the course of history and evolutlon of the world around us. So,

we've participated in and observed the transition to a new

administration and to a new culture. We wanted to set up opportunities

to not just study some incidental consensus, but to study the con8ensus

that 18 going to be the heart of DOE's change in culture. To get in

touch with thl8 cultural change, we've been heavily involved in the

Five-Year Waste Plan, which will embody and direct more consensus
activities.

To play the kind of role we need in the consensus activities and to make

the contacts with the potential stakeholders and have their confidence,

we not only need to observe and analyze them, but we also have to

identify, meet, and interact with thos_ stakeholders. We've set up

relationships with people inside DOE and in DOE support agencies, such

as other federal agencies, contractors, and state organizations. We



want to understand the right DurDOOeS and the right participants for

consensus activities. Thl8 networking activity will be the foundation

for and key to the success of our test site effort area. We've worked

on criteria for getting the right people to participate in consensus.

We began to establish how we should 1) make measurements, 2} participate

in significant consensus directing and generating activities, 3) set up

consensus gathering groups, 4) explore the types of meetings that these

groups will participate in, and 5) survey the information systems the

people in environmental management and protection are going to use to

provide the facts they need for conducting successful consensus
activities.

For the first grant year of our Consensus Grant, we were supposed to

_mphaslze consensus process and consensus tools for rules and methods

and to begin our literature search. This emphasis for the first grant

year and the direction for the out-years is shown in Figure 2, taken

from our proposal. This figure displays our flve-year plan for

accomplishing the objectives of our research in the six effort areas of

our research concept shown in Figure 1. Figure 2 not only dlsplays the

shifting emphasis within the effort areas, but the relatlonshIp of two

effort-supporting laboratories and research management support during

the five-year period. Whereas the activities in the effort areas work

together to accomplish the research objectives, the laboratories and

research management support the effort areas.

We started our literature search ahead of schedule, but were also

fortunate to have some preliminary definitions for consensus, types of

consensus, and consensus related activities. We needed this information

to support us as we began to deal with the data from all the consensus

groups. We began the test sites far ahead of time. The test sites are

the composition of, agenda for, and operation of the consensus groups.

So, to get the most out of the test sites and the consensus groups, we

emphasized data collection in the second grant year. We collected data

earller than we planned because of the opportunity of having test sites

up and operating so fast. We re-oriented our plans 8o we're working in

the test sites and gathering data before we have our frameworks and

models fully developed. We couldn't let our proposal phasing get in the

way and end up having the consensus groups possibly finishing their

activities without our having made measurements.



Figure 2. The research plan establishes annual objectives for each
effort area.
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We plan to execute and report the research in terms of three "research

domains"--one domain of fundamental research and two applled research

domains. We've mapped the six effort areas (from Figure 2) into the
three domains shown belowz

I. Fundamental Reeearch

Theory and Concepts (exploratory}

Consensus Tools for...

Methods (speciflc confirmatory}

Rules (epeclflc confirmatory}

Guide (global confirmatory)

Frameworks and Models (exploratory)

II. Consensus Processes

Test Sites (specific confirmatory}
Consensus Tools for...

Rules (specific confirmatory)

Guide (global confirmatory}

Consensus Methods (exploratory and specific

confirmatory}

Consensus Proce,s (specific confirmatory and global

confirmatory}

III. Information Systems

Test Sites (specific confirmatory}

Consensus Tools for...

Methods (specific confirmatory)

The three domains help us organize our research staff by area of

expertise. The consensus tools effort area is broad and parts of it map
into all three domains. Also, the test sites effort area is important

to both those studying the process conducted at the test sites and those

studying the information needed to support the process at the test

sites.

The parentheses indicate the type of research we expe6ted to dominate

for the first grant year. For example, specific confirmatory research

under consensus tools for methods means we expected to make measurements

and do statistical analyses on whether a given tool affects the

consensus of a group. The global confirmatory research type applies to

the guide and somewhat to the end of the consensus process effort areas,

and we won't get into that type of research until the end of the grant.

Global confirmatory research i8 an integrative effort, bringing the

results of the specific confirmatory research efforts together.

From Figure 2, we planned to emphasize the following effort areas, and

therefore the related domains, during the first grant year.

I. Fundamental Research

Theory and Concepts (exploratory)

(literature search leading up to frameworks and models

in the second grant year}



I!

Consensus Tools for...

Methods (specifi_ confirmatory)

(measurements benefiting from previous studies

of the environment)

Rules (specific confirmatory}

(environmental issues affecting test sites,

consensus methods, and consensus process)

II. Consensus Processes

Consensus Tools for...

Rules (specific confirmatory}

(relate environmental issues to the consensus

process)

Consensus Methods (exploratory)

(observe and interpret meeting dynamics of early

consensus groups)

Consensus Process (specific confirmatory)

(test some consensus tools for rules in isolated

cases)

III. Information Systems
Consensus Tools for...

Methods (specific confirmatory)

(evaluate measurements in Isolated cases)

Obviously our plans had to change because of the opportunities afforded

by the presidential transition. We had to emphasize the test site

effort area at the expense of the other effort areas. We've spent 15%

of our funds on the effort areas in the Fundamental Research domain and

85% on the other two domains.

We didn't start the consensus tools for rules effort area as soon as we

had planned. (See Figure 1.) However, we got a headstart in the theory

and concepts effort area, on the literature searches. We're far ahead

of our first grant year plans for test sites. We also got the

opportunity to visit all DOE sites and do our information system

analysis.

Domain I for the first grant year (reflecting the changed plans) ks

dedicated to 1) initiating the literature search by doing the pre_search

and identifying disciplines, 2) defining consensus and the dependent

variables of consensus, 3) developing taxonomies for different types

(intra-, extra-, and inter-group consensus) and levels (coercion,

compulsion, etc.) of consensus 4) sllcing out the parts of the

disciplines we'll apply to the frameworks and models, 5) evaluating

environmental issues relating to the cperatlon of consensus groups--use

networking, 6) establishing or focusi_Ag the expertise to carry out all

three domains, 7) deriving the factors needed to support consensus, and

8) presenting initial concepts for critical review (papers and

presentations).

Domain II for the first _rant year is dedicated to 1) identifying

consensus group purpose and participants, 2) networking within DOE and

other agencies and contractors 8o we can evaluate the roles of
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participants, 3) determining long-term, crltlcal-path resources for all

domains, 4) analyzlng and participating in the presidentlal transition

and how that relates to a change in culture, 5) participating in the
structure and form of the Five-Year Waste Plan and how it relates to

consensus, 6) setting up consensus groups for the long term so we can

study them in longitudinal studies, 7) evaluating the effects of culture

change (to a consensus orientation} on the organization Structure as an

example management tool, 8) developing methods for transferring

information within the organization and in parallel organizations,

especially during transition, and 9) presenting initial concepts for

crltlcal review (papers and presentations}.

Domain III for the first grant year is dedicated to 1) determining the

equipment and resources necessary to support the information gathering

and communications laboratories, 2) initiating a survey of the status of

information systems used in the field to characterize and track waste,

3) establishing contacts (networking} among field sites and headquarters

to _dentlfy strengths, weaknesses, usability, and relationships among

information systems, and 4) pr_sentlng initial concepts for critical

review (papers and presentations}.

Fundamental Research

BQckoround

We defined three different types of consensus: Intra-group, inter-group,

and extra-group. You might ask, "Why separate consensus into different

types?" From our preliminary literature search, we've found consensus

18 thought of as a state among individuals. Consequently, measurement

techniques have been derived to measure consensus among individuals

(intra-group consensus}. We believe, however, there are consensus

situations where these methods are applicable but not feasible due to

their complexity. In some environments, especially DOE, consensus is

necessary among groups of individuals, or agencies (Inter-group

consensus}. When trying to measure consensus between groups of

individuals, the methods commonly used are too complex. Consensus i8

also necessary between DOE and Its external environment, the public

(extra-group consensus}. We recognized there are different types of
consensus which arise from different situations and must be measured in

different ways.

We defined intra-group consensus as a state achieved between three or

more people after sufficient discussion has occurred for every

individual to voice their opinion. Each individual then accepts the

outcome which i8 not the same as any one individual wanted going in.

Consider Galbralth's explanation: "The problem solving approach [to

group decision making] Is intended to achieve a consensus which obviates

the need for a powerful leader. Consensus is not unanimity but a state

of affairs in which the indivldual who disagrees with the preferred

8olutlon feels as follows: 'I understand what most of you would llke to

do. I personally would not do that, but I feel that you understand what

my alternative would be. I have had sufficient opportunity to sway you
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to my point of view but clearly have not been able to do so. Therefore,

I will go along with what most of you wish to do.'"

This type of consensus deals with human interaction on the micro level.

It deals with small group interaction and decision making.

If we try to measure Intra-group consensus as a state variable

describing the degree to which a decision is carried out, we risk

measuring the wrong indicator of consensus. In the Intra-group

situation, a decision is made irrespective of the _billty of the group

to carry it out. Therefore, measuring the extent to which a decision is

carried out may only be indicative of the power the group wields within

the organization, not the actual consensus achieved in the Intra-group

situation. To measure intra-group consensus, you must deal with the

human aspects of decision making and interaction.

We believe to achieve consensus, a group must transform from a nominal

group (a group in name only) to a real group. This transformation

requires the raising and resolution of underlylng conflict among group

members. That is why we believe the Nominal Group Technique, for

example, i8 better for information sharing than it is for deriving
consensus.

We defined Inter-group consensus as the degree to which two or more

groups (who have achieved Intra-group consensus} within a larger group

or organization, agree on actions to take place or issues of importance

to the organization. Thl8 type of consensus, unlike Intra-group

consensus, deals with human interaction on a macro level between two or

more independent groups or societies. This is the type of consensus the

different government oversight agencies need to coordinate their
actions.

We believe Inter-group consensus can be measured by the actions taken as

a result of the consensus achieved between groups. When dealing with

groups, we can model each group's preferences, values, and opinions as a

single point and then proceed with the same methods used for Shits-group

consensus. This would not be very accurate however. When two or more

groups of individuals are asked to come to consensus, we assume their
consensus 18 to relate to some course of action. Thl8 allows us to

measure the strength of Inter-group consensus by measuring the degree to

which consensus decisions are carried out (regardless of quality).

An important point must be made regarding the measurement of consenbus.

The choice of using either interaction Methods such as those proposed

for Intra-group consensus or activltv methods such as those proposed for

Inter-group consensus really depends on the power of the group to carry

out any decisions made..If a group has the power to implement thblr

consensus decision, intra-group consensus can be measured with the

methods proposed for inter-group. Likewise, if the groups coming to

inter-group consensus don't have any power but are acting in an advisory

role, then Inter-group consensus must be measured with the methods

proposed for Shits-group consensus.
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It's not clear conflict renolutlon is needed to get inter-group

consensus when the groups are advisory and power isn't a queltlon. We

have set up a connensun group called the Environmental Management Review

Group. Thln group plays a consultative role and as such can't have its

consensus measured by the actions carried out an a result of their

recommendations. To do on might measure the power of the group members

or the quality of their recommendations, but it definitely would not

measure the degree of consensus achieved by the group members. DOE is

made up of many groups which must act in concert with each other.

Therefore, they need inter-group consensus on the actions taken within

DOE. Inter-group consensus, An thls cane, is boot measured by the
extent to which those actions are carried out.

Extra-group consensus In a state achieved between one or more groups in

an organization and one or more groups in the external environment

outside the organization. The difference between extra-group and inter-

group consensus in that for extra-group consensus the group in the

external environment doesn't have the power to directly affect the

actions of the domain or organlzation being analyzed. The organization,

however, needs acceptance of the external group to be moot effective in

carrying out their actions. For example, if we look at EM, inter-group

consensus is achieved between the overnight agencies and extra-group

consensus Is achieved between GOA's and DOE. If, however, we look at

DOE, the consensus achieved between GOA's and DOE is a higher level of

inter-group consensus than the consensus achieved between the GOA'o.

Extra-group consensus in this case in the consensus achieved between the

GOA'o or EM or DOE and the various groups making up the public of the
United States.

DOE has often acted without considering the wants of the public or

states affected by their decisions. They have tended to bring in the

affected outside parties after the fact--after decisions are made--to

get their reactions, not to involve them in the decision making process

from the beginning.

In the case of the Environmental Management Review Group (EMRG), by the

definition we just proposed, the unit of analysis must be DOE. EMRG was

set up to represent a range of stakeholders--together representing the

public. Therefore, the outside group is the public and the

organizational unit of analysis must be DOE. We're looking at extra-

group consensus between EM (a group within DOE} and the public of the

United States. Consensus between EM and DOE on any actions taken as a

result of EMRG recommendations will be inter-group consensus. In

actuality, EMRG will come to intra-group consensus among themselves, but

EM is using them to model Inter-group consensus among public interest

groups. If EMRG's intra-group consensus doesn't accurately model inter-

group consensus among public groups, the extra-group consensus between

EM and the public will be weak or non-exlstent. By setting up EMRG, DOE

is attempting to get information on how to involve the public earlier in

the decision making process. This attempt moves DOE further toward the

goal of including stakeholders at the beginning of the decision process.

It is not enough, however.
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This tYPe of measurement can't be measured by any of the methods
discussed so far. Since an external group has no direct say in any
actions taken within the domain being considered, extra-group consensus
can't be measured by any a_tions taken within that domain. This doesn't
mean an external group can't influence the actions taken within an

organization. They can influence actions through pressure, lawsuit,i,
lobbying, etc. They don't, however, have the ability to directly tell
the organization what they should do. We think, to measure this type of
consensus, you need to measure external groups' reactions to the actions
taken as a result of inter- and lntra-group consensus. In the case of
DOE, extra-group consensus with the public might be measured indirectly
by the response of Congress to their actions since Congress is supposed
to represent the public. It might also be measured by reactions printed
in newspapers or demonstrations by public groups.

Another £mportant Point ws must make is that consensus is not a discrete
variable. It is a continuum encompassing different levels of
_nteraction. If we just consider measuring consensus by the actions

taken as a result of the consensus to say "yes we have consensus", or
"no, we don't have consensus", we're looking at consensus too narrowly.
If we want to look at consensus as a group acting as one, we must
differentiate different levels of consensus. It is too simple to
consider a situation where people are coerced into certain actions on
the same level as people who freely agree to act in a certain way. We
can say that consensus is achieved in each of these situations, but we

must go further and define the level of, or strength of, the consensus.

The difference between types and levels is this: a level is a measure
of the cognitive aspect of consensus end a type is a classification of
the consensus situation. A level is a Point on a continuous scale, a
type is a discrete situation. Each type of consensus can have any level
of consensus.

The strength of consensus is a combination of r_ and behavioral

factors. To quantify the cognitive factor, consider five levels of
consensus along a continuum as follows:

coercion compulsion acceptance agreement unanimity

CONSENSUS

Figure 3. Consensus can be pictured as a continuum.

We define these terms in the following way:

* coercion - one person defines the behavior (idea, plan, decision)

and has power to, and uses power to force other group members to

accept the behavior.
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* ©ompulsion - one or more people (the total being a minority in the

group) are the main drivers of the behavior (idea, plan, decision)

while the others "go along".

* a©©eptan©e - one or more members find the behavior (idea, plan,

decision) undesirable but will go along with it.

* agreenent - the behavior (idea, plan, decision) has support of the

entire group although it Is not the ideal behavior for some or
most of the members.

* unanimity - all members unanimously and enthusiastically agree on

the behavior (idea, plan, decision) and support it.

Consensus isn't a discrete variable. It's a continuum encompassing

different levels of interaction. We must realize that, in each of the

levels defined above, actions are taken which lead us to conclude

consensus was achieved. The strength of the consensus, however, ls

vastly different in each of these situations.

Strength of consensus Is some combination of the attitudinal and the

behavioral sides of consensus. A group can leave a discussion thinking

they have achieved unanimity (regardless of whether the decision is of

good or poor quality); but, if nothing is done to implement the actions

decided upon, the consensus was very strong attitudinally but very weak

behaviorally. If we combine these two parts of consensus

multipllcatively, the consensus achieved Is very weak. Likewise, if a

group leaves a discussion and the members are angry and very factioned

but they carry out the behaviors agreed to, the consensus is weak from

an attitudinal standpoint but strong from a behavioral standpoint. The

overall consensus achieved Is then weak. The only way to assure a

strong and lasting consensus Is to achieve both a strong attitudinal and
behavioral consensus.

One area where consensus Is important in an organization is to agree on

the information requirements that the organization needs. The reason

you need to agree on the information requirements Is: if you have

limited resources, you can improve, computerize, or move forward only on

some of the information requirements but not on all of them. So what

you want to do is agree on the relative importance of the various

information requirements. There are several ways to do this. The

typical way is to bring in the information specialist unit in your

organization. Have them conduct interviews, which i8 one way of trying

to derive consensus, talk to all the stakeholders, mold everything

together into an approach, and then return to the stakeholders for their

concurrence on something like an information requirements document. The

problem is, it takes a very long time to gather the information, produce

the document, and get concurrence. In the meantime, everything has

changed. Information requirements themselves have changed. So it's

very difficult to keep up. Also, developing information requirements is

considered a support activity and not a llne activity, so it's hard to

get people's attention. Therefore you don't get people's full attention

on the information requirements document.
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Another approach to getting consensus on information requirements is to

bring stakeholders together in a workshop setting. The stakeholders

include people with information requirements and the information

specialists. In a workshop setting, the stakeholders can i) concentrate

on this support activity, 2) interact, and 3) move forward quickly. You

would use consensus techniques or tools in the workshop to try to come

to consensus. You'd also use information systems techniques in the

workshop. The workshop then includes a structured approach to getting

consensus and a structured approach to identifying information.

We began a comprehensive literature review for our consensus library.

The literature review includes three major elementss 1) a library

search, 2) analysis of the literature, and 3) preparation of a written

summary of the findings. We planned the literature search in throe

stages. Stage one, the pre-search, is broad and shallow. Stage two,

the discIpllne-orlented search, is less broad but much deeper. Stage

three, the paradlgm-oriented literature search, is very focused. The

major outcome of this effort is the development of new theories,

concepts, and models designed to support our research on consensus.

The purposes of stage one (the pre-search) are to define relevant

disciplines, to identify key journals, and to list key words. We want

to get a feel for the size of the literature involved, the number of

disciplines involved, and the number of different types of journals. We

need to determine the relevant time period over which people might have

written relevant articles and books. And we need to figure out the key

words to help us do a better search of the literature.

After we developed a set of key words from the manual pre-search, we

worked with a reference librarian in Virginia Tech's Newman Library on

the next steps for a comprehensive, multl-dlsclplinary literature

review. We completed an electronlc search using the DIALOG Information

Retrieval Service, accessing 280 data bases in a broad scope of

disciplines. We used the key words identified during the pre-search to
conduct the electronlc search.

We identified 112 articles from the DIALOG search. Several researchers

have begun reviewing these articles along with the articles Identlfled

during the manual phase of the pre-search. We designed a standard

Literature Review Form to use when summarizing articles. These

summaries will be entered into the MSLSearch computerized data base and

reference system using a data base (composlnet) designed by MSL for

another project. This reference system will be utilized by project

staff, students, and MSL researchers when writing papers or

presentations.

_comp!ishme_ts

For fundamental research efforts, we started four studies during the

first grant year. We added seven more studies before the end of the

first grant year. The seven new studies are 1) consensus process

studies, 2) consensus paradigm development, 3) consensus academic plan,

4) consensus case study research, 5) consensus gathering systems, 6)

consensus group dynamics, and 7) information availability. Therefore we
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worked on eleven studies in fundamental research during the first grant

year. Since the grant began after the beginning of the 1988 academic

year, most graduate students had already conunltted to other funding. To

get the kind of graduate students we wanted with the right background

and interests, we delayed getting a number of graduate students. At the

beginning of the 1989 academic year (August}, we added three new

graduate students. Obviously, this delay in obtaining graduate students

delayed preparation of presentations and papers.

In Consensus Library, we began identifying and searching all the

relevant disciplines for articles related to consensus. After examining

all the disciplines, we reduced the number of disciplines to eight. _e

identified some key words and variables but didn't begin to summarize

the literature. Plans were made to set up the library using a data base

called Composinet. This on-line reference system is an interactive data

base, so everyone at MSL can have access to the literature.

In Consen8us Process Studies, we identified and defined different types

of consensuss Intra-group, Inter-group, and extra-group. In this

exploratory stage of our research we took the concept of consensus and

began analyzing its factors. We began diverging and exploring what

relationships we want to look at. We started identifying methods for

measuring consensus such as using interaction methods for Intra-group

consensus or activity methods for inter-group consensus. We also looked

at what variables affect choice of measurement tool.

In Consensus Paradigm Development, we began identifying the elements of

consensus by examining information collected through the discipline-

oriented literature search. As we attempt to build a theoretical model,

we'll include such elements as problem, participation, people, process,

purpose, and product. In order to fully understand consensus and to

enable us to structure the remainder of the literature search, we'll

continue to collect variables and try to determine their relationships.

In using NGT for Information Requirements, we began studying the

feasibility of using data flow diagrams or something like data flow

diagrams in a workshop setting using elements of Nominal Group Technique

(NGT). We made plans to test a modified NGT as a means of getting

agreement on information requirements.

In Organizational Statics and Dynamics, we studied theory and concepts

addressing the issue of organization change and how the organization

adapts to it. We focused on relating an organization's success or

failure to its adaptability to change. We studied Kotter's Model (1978)

of organizational dynamics and how it matches our concept of consensus
as a state variable and confirms our sense of GOA'8' need for flexible

consensus maintenance. We began reflning'the definition and different

types of consensus, as well as, researching the various ways we can
measure consensus.

In Consensus Academic Plan, we began developing our flve-year plan to

coordinate our research efforts in the three research domains. This

plan will be revised and updated each year as we feedback our research

findings. Thus our plan is a living plan.
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In Consensus Case Study Research, we determined 8peclflc historical

areas involving consensus processes. We researched many areas in which

consensus or lack of consensus may have been a determining factor of the

outcome. The areas we chose were 1) Presidential advisory groups

("kitchen cabinets"}, 2) labor/management negotiations, 3) emergency

relief, and 4} foreign policy/peace negotiations. We did case studies

on several specific situations in each of these four areas. While the

dlscipllne-orlented literature search produces the academic framework

for studying consensus, this research concentrates on application of

consensus. We'll use our results to support our consensus paradigm.

In Consensus Gathering Systems, we started developing a system that

accepts the ideas of group members individually, understands areas of

agreement among the ideas, works on compromise and support, and

identifies the degree and breadth of consensus. In the real world, when

we have several people who disagree but discuss the problem, we get a

moderating effect that yields a consensus solution. A consensus-

gathering system is an expert system that captures the benefit of that

moderating effect. This system has the ability to understand what the

users say, extract the user's ideas from what they say, identify

similarities and differences between the ideas, and set-up a hypothesis

as a consensus among the group.

In Consensus Group Dynamics, we used information from the discIpllne-

oriented literature search to begin documenting variables related to

group dynamics. We narrowed our research interest to group commitment.

This study was in its early stages at the end of grant year one.

In Information Availability, we began studying the relationship between

information availability and consensus. We want to determine whether or

not consensus is desired and/or can be reached under certain information

circumstances.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.

Consensus Process Studies

Backqround

We researched the factors required to gain consensus and developed a

framework. The framework starts by adapting only the words of the

equation: Purpose + Audience - Design. This framework i8 pictured in

Figure 4. Replace the word audience with participants. Then for a good

meeting, or to achieve consensus, we need to begin with knowing who the

Participants are and what the purpose of the meeting i8. The design

would yield two more P'8: i) process and 2} p_esentation and/or

portrayal. So if we know the purpose and the participants in the

meeting, we should be able to determine the best process--like NGT, for

example. We should also be able to determine how we should present the

information among participants. The result of the process and the

presentation i8 the fifth P: product. That is to say, for any meeting,
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or any time we want to achieve consensus, we should have • tangible

result or product, such as a decision we can write down or • list of
•ctlon items in rank order.

PARTICIPANTS DESIGN/PROCESS PRODUCT.

Figure 4. There are certain factors required for supporting consensus.

In summary, the five P'8 are purpose, vartlcIvant8, process,

presentation and/or portrayal, and oroduct. The meeting facilitator

must consider all flve P'8 in developing a meeting, conducting •

meeting, and ev•lu•tlng the success of that meeting.

EM u8@8 management tools to support decision making. Environmental

change requires new management tools. To deal with Admiral Watkln8'

change in culture toward a consensus orientation, EM (or any

org•nlzatlon affected this way) must change its management tools. One

such management tool 18 the organization structure. To effectively

manage in the new culture, EM should consider how it should reorg•nlze

to implement the consensus-orlented culture. (The Secretary wili cause

the reorganization to happen.) In a llke manner, EM should consider

changing other management tools, llke their information systems and

their plans.

We believe there are rules and steps to follow when reorg•nlz•tlon takes

place. Rule onez Your organization structure is for carrying out your

strategy for dealing with your environment. That is, if your

environment changes (internal or external, e.g., you found new

techniques for doing your Job or someone Is ch•nglng the culture}, then

you need • new strategy for de•llng with that new environment." Your

organization structure must then be adjusted to carry out the new

strategy. Rule twoz Fit your people to an org•nlz•tlon structure;

don't design a structure to fit or suit your people. These rules assume

ideal conditions (e.g. you have the ability to gather the people you

need to fit your org•nlzatlon structure}. So, we can evaluate • set of

steps that start with the ideal and fold in the pr•ctlcal.

We've tried these fly@ steps before in organizations with some success.

Step 1_ Figure out an ideal organization structure using rule one

•boys. Step 2: Develop • set of org•nlz•tlon structures evolving from

what you now have to the ideal. Step 3z Pick the structure from Step 2

you think is most feasible for practical conslder•tlons. Step 4z Fill

in the details (titles, levels, etc.} of the organization structure

recognizing the people you have available. Step 5z Write position

descriptions _or the organization structure.
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The test sites for studying consensus and measuring variables of

consensus should be groups of people trying to achieve consensus (intra-

group consensus). Better test sites are groups that come to consensus

over the same issues (Inter-group consensus) and groups chosen to beat

represent the public (extra-group consensus). An example of such a

group for gaining consensus and relating to other groups and

representing the public Is the Environmental Management Review Group

(EMRG).

We call the EMRG our Consensus Group 1. It's a review group designed to

provide independent and objective review of the U.S. Department of

Energy's (DOE's) Office of Environmental Restoration and Waste

Management's (EM's} activities. The EMRG provides independent review,

analysis, and support for policy, program, and strategy issues in EM's

management of radioactive and hazardous waste and environmental

protection and restoration.

The EMRG will provide the followlng (Purpose from Figure 4):

* objective reviews, evaluations, and assessments of current plans,

projects, and activities related to EM policies and actions

mandated by Congress, the Executive Branch, and the DOE; and

* research, analysis, and communication necessary to substantiate

the reviews, evaluations and assessments and provide useful

information, conclusions, and recommendations to EM.

Members of the EMRG (Participants from Figure 4) are selected on the

basis of specialized experience, credentials, or background relevant to

the EM-related activities. The EMRG members serve on a rotating basis

for a term up to three years; the size of the EMRG is limited to ten

members. Membership appointments are staggered so approximately two or

three members change annually.

EMRG members must be familiar with laws and government policies and

current issues in the management, remediatlon, and transportation of

radioactive and hazardous waste. At the same time, EMRG members must

provide objective review. Therefore, all EMRG members complete and

return a statement regarding their past and present contract work and/or

employment which may tend to affect their objectivity in reviewing and

commenting on sponsored activities. In addition, each EMRG member is

under a continuing obligation to report to the EMRG chairman subsequent

activities which may impair the EMRG member's objectivity regarding

sponsored activities.

The following paragraphs relate to the factors of Presentation, Process,

and Product of Figure 4. The chairman proposes meeting schedules and

agendas, presides over meetings, calls for special meetings, and _ets

attendance. The EMRG documents each meeting with minutes. The minutes

are a summary of the highlights of the conducted business. Draft minutes

are issued for review and approval by the EMRG. The EMRG approves

previous minutes at the start of each meeting.

The EMRG uses two methods to meet its objectives. First, the EMRG

generally reviews current laws, policies, and issues affecting EM.
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Second, the EMRG reviews specific issues at the request of MSL. The

EMRG's contact with individual sites or organization& or with individual

research project personnel is coordinated through MSL. This is not
meant to inhibit interaction of individual EMRG members with individuals

of the various affected groups.

The EMRG meets approximately once each quarter. The EMRG recommends

meeting schedules for MSL approval. In addition, the EMRG may meet in

special session with a full or abbreviated membership to consider

specific topics.

Another test site, or Consensus Group 2, is the Institutional Group.

Now called the State and Tribal Government Working Group (STGWG), we

helped identify Its players. Thl8 group will evaluate the drafts of the

Five-Year Waste Plan for DOE, as well as the final plan. The Five-Year

Waste Plan i8 a plan being written to define what DOE is going to do

with their waste during the next five years. STGWG consists of

representatives from selected states, tribal governments, and public

interest groups. The membership was chosen by Admiral Watkin8. For

meetings in June and July, we invited gubernatorial representatives from

nine states (Colorado, Idaho, Kentucky, Nevada, New Mexico, Ohio, South

Carolina, Tennessee, and Washington) with major DOE facilltle8 in the_.

We also invited two Indian Nations (Yakima and Shoshone/Bannock) with

major DOE facilities on their reservations and representatives from the

National Governors Association, National Council of State Legislatures,

and the National Association of Attorneys' General. We chose these

participants because we thought they would be the most interested in DOE

environmental management and cleanup activities.

MSL's Director is the facilitator of the STGWG meetings. For each of

these meetings we determine what consensus techniques to use depending

on the issues to be addressed. We want consensus on the generic issues

to the states. On other issues we only need to share information.

The relationship between the STGWG and the DOE has been successful and

highly beneficial to both. The DOE has made a significant commitment to

the STGWG and has tried to incorporate changes they suggest in the Five-

Year Plan. Throughout the meetings, Secretary Watkins remalned.ln close

contact with DOE personnel so he could provide real-tlme response to
STGWG comments.

AccomDllshments

For consensus process studies, we started three long-term/ongoing

studies and eight short-term studies. We added one new long-term study

and three new short-term studies by the end of the first grant year.

The new long-term study is Consensus Group 3. The three new short-term

studies are 1) nuclear waste transportation, 2) regulatory consensus

research, and 3) five-year research and development. Thus we worked on

fifteen studies during the first grant year. Our subcontract with UME

helps us to identify the best participants for our review groups and to
become Involved in critical consensus activities llke the Five-Year

Waste Plan--In short, UME helps us network.
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In Management Analysis and Networking, we spent a tremendous amount of

time bringing together the right people at MSL and making the right

contacts in DOE and DOE's support agencies. We needed access to the

Five-Year Waste Plan and access to the people who will evaluate the

plan.

We also began studying the present culture of DOE and steps they need to
take to initiate their new consensus oriented culture. We'll work on

the design and research of a consensus building tool with the help of

DOE experts, consensus experts, and organizational experts. When AT&T

was proactlve in changing their culture, they developed the "shared

values pyramid" as such a tool.

In Consensus Meetings, we began to set up and study various consensus

groups. Fortunately, DOE asked us to establish some groups that will

put us in a position where we can make all the measurements we want.

Our interest Is in measuring the groups as they're interacting, not in

the logistics of the group. However, you can't separate one from the

other very well. So, we're trying to initiate the groups, i.e., bring

together the right participants.

Another issue is to have the right process to get consensus and to get-

the right product out of the consensus. We're dealing with variables

such as process and product for consensus-orlented issues llke the Five-

Year Waste Plan. Once the group Is up and established, the meeting

times, room reservations, etc., are necessary to studying consensus, but

that's not where we want to spend our research funding. So, once these

groups are established and the first meeting is implemented, we'll turn

the logistical requirements, for those groups over to another

organization. We'll influence their charter or establish an

understanding that we'll be attending the meetings and making
measurements.

So the idea on the consensus meetings is: What sorts of techniques or

things do we want to do in those meetings? Do we want consensus? What

do we want to measure? Our objective is doing the design, understanding

that activity, and measuring the results of that activity. Essentlally,

consensus meetings deals with the factors in Figure 4 after the design;

namely, presentation, process and product.

In Consensus Group 2, we formed an ad hoc States review group, now

called the State and Tribal Government Working Group (STGWG) to comment

on DOE environmental management and cleanup activities. This study has

significant potential to help resolve many of the controversial and

contentious issues surrounding cleanup of our nation's nuclear defense

facilities. We invited several people to attend the Waste Management

'89 Conference in Tucson.to get their feedback on the development of

this group. Essentially, the Consensus Group 2 (and Consensus Group 1)

deals with the factors in Figure 4 before the design; namely

participants and purpose.

We initiated the first meeting in June and another in July. We designed

a process where the group was free to go into executive session, which

the group chose to do. The executive sessions were intended to
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represent inter-group cor_sonsus among the constituents of the group.

After interviewing members, we believe the group may have achieved

intra-group consensus as well. Whether or not the executive sessions

turned into extra-group consensus between DOE and the STGWG wasn't as

_nportant as the STGWG members feeling their suggestions were seriously

considered. The STGWG chose to speak to DOE with one voice after these
executive sessions.

In Consensus Group 3 (Interagency), we began identifying groups that

represent an entirely different type of stakeholder (agencies outside of
DOE or public interest groups) from the other consensus groups we've

studied. For instance, we are interested in studying the consensus

process as DOE interacts with other federal agencies.

In Transition Management, we studied EM's needs for new forms of

information portrayal for presidential transition activities. We used

the data collected to design a modular overview briefing and video

addressing issues specifically for transition and for general purposes

too. Part of the new Secretary of Energy and the change in culture

towards consensus is the transitlon of that new Secretary and his people

into the organization. We've worked with that transition in general,

and the cultural transition in specific, in terms of how to manage It.

In Continuous Information Transfer (Video}, we analyzed EM's budget and

updated Portions of the video to reflect EM's current budget program.

Our results can be used to develop and evaluate other media. Continuous

information transfer is designed so it's not necessary to have a person

present for the information portrayal.

In Discrete Information Transfer (Modules}, we used the data we

collected to give MSL tools to research, gather, and structure raw,

informal data into formal, meaningful data. These data can be shared

within EM and across EM into other organizations. MSL's analysls will

identify the communication purposes of the EM transition briefing, the

intended transition audiences, and any constraints on a transition

process. The results of this analysis can be used as a standard to

develop and evaluate transition media.

In Consensus Group 1 (EMRG), we researched with academicians and

industry experts the development of a Environmental Management Review

Group for EM's EM-40 efforts. We drafted a charter and screened,

selected, and invited potential candidates for membership. We

facilitated the first meeting of this group in Blacksburg during

February to review the Program Optimization System (POS), the issue of

prlvatlzatlon, and EM environmental management fellowships. We took one

day for presentations (one way information direction) with clarification

questions. The second day was spent in deliberation. The consensus

that came out of that meeting was not the first day and not the second

day. The consensus came about when the facilitators (MSL) went out and

gathered, organized, and structured the deliberations of the second day
into a document. That document was circulated twice to all the members

of the EMRG for their input, and a follow-on meeting was held in

Washington to agree on the final form of that document. That was Intra-

group consensus. However, DOE disagreed with the results of that
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document, so we didn't achieve extra-group or inter-group consensus out

of that meeting.

We facilitated meetings in Nay and September. The September meeting ran

smoother and was more productive due to what we'd learned about

improving and catering different processes to different groups. Our

experience directed us in asking DOE to present problems and let the

EMRG make po_itlve recommendations on solutions. This process worked

much better and both the DOE and EMRG found the meetings very

successful.

In Coordinating Information Transfer in Parallel Organizations, we

studied the needs of ONA and used our data to produce transition

materials for General Kavanaugh. We'll use our analysis in future

information portrayal research.

In Nuclear Waste Transportation, we began looking for opportunities to

study and participate in consensus processes occurring between DOE and

local governments. The issue of transportation of waste creates some

highly opinionated and emotional situations. As DOE moves toward a more

open policy, we plan to observe meetings set up with localities to deal

with the issue of transportation of nuclear waste.

We coordinated and hosted a National Conference in September which

focused on the themes of nuclear materials transportation, emergency

management, and federal/local government cooperation. This provided us

a unique opportunity to observe exchange of ideas and the interaction of

a diverse group. The participants included senior officials from local

governments from all over the country.

In Regulatory Consensus Research (Land Disposal Restrictions), we began

researching land disposal restrictions. We'll research the guidelines

by EH and the regulations determined by the EPA. Our research will
provide a consensus tool for Environmental Restoration and others to use

and apply to disposal of waste.

In Five-Year Waste Pian, we participated in the shape and form of the

plan. It's form i8 designed to promote understanding so people of

different backgrounds and different desires and agendas can do what they

need to do with the plan. NSL'8 influence produced more of a plan

versus a status report. We don't believe consensus would be worth

studying if the plan was a status report.

Instead the Five-Year Waste Plan addresses the issues people need to

come to consensus over. Then you need consensus and have a purpose for

consensus and you can study consensus. We continued to influence the

drafts and the final plan during the first grant year. We were involved

in the research of who would review the plan and who the 8takeholder8

were. We also participated in site implementation plans.

In Five-Year Research and Development, we approached the Five-Year Waste

Plan from an additional perspective. We began a thorough investigation

of pertinent data related to the planning process. We participated in
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the unfolding of the plan by researching management planning,
structures, and reporting.

Presentations and Papers are included in Volume II, Papers,
Presentations, and Conferences.

In Networking for Consensus (UME), we spent a lot of time setting up
bridges and networks, making contacts, having discussions, interviewing
people, providing infonaation for those People, and convincing those
people to participate. We conducted research to make sure these People
got the right information at the right time to allow them to contribute
significantly. This whole activity was designed to feedback information
to us on the consensus of the networking.

Information Systems Studies

Backaround

We visited eight Operation Offices and two National Labs (Lawrence

Livermore, Argonne). Our purpose for these visits was to identify and _

document the information systems used in the fleld to characterize and

track waste. For each waste tracking system, we identified the system
scope, what data were collected, what reports were issued and to whom,

and what other information systems each system provides information to.

We also looked at who was accountable for waste tracking systems data,

who provided QC/QA, and who uses the waste tracking systems.

We found the following ten generallzatlons to be truez

1) alsost all locations have waste tracking syztlms that
satisfy their own needs and characterise waste according to
DOB Order 5820.2A requirements. Those locations that

currently do not provide the detail needed to comply with

5820.2A are planning information system enhancements or

replacement. In addition, some information systems meeting

5820.2A requirements are being upgraded to allow easier data

entry, retrleval, and communication with other locations.

2) Waste characterization detail depends on when the waste was
characterised. In general, waste currently being

characterized meets 5820.2A requirements. Waste older than

approximately two years is not characterized in this detail.
The older the waste, the less characterization is available

for the waste. Older waste Is not being reaasayed for
recharacterlzatlon unless the waste must be relocated for

storage or disposal.

3) Waste tracking typically begins when waste Is placed in a
container. When workers place waste into a container and
inspect the container, they complete a manifest describing
the container contents. This manifest 18 then entered onto
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a waste tracking system. Most waste is not tracked until
this point.

4) Waste tracking systems vary according to their scope. Some
Operations Offices have systems that track all wastes for
all generators reporting to the Operations Office, while
some have different systems for each waste type, each
generator, each building/location, each contractor, etc.
Having many information systems makes it difficult to trace
the history of individual waste containers, to report
aggregate quantities, and to answer informational queries.
Some Operation Offices are consolidating waste-tracking
systems into uniform site-wide systems.

S) Nest Operations Offices want seem information guidance from
BM Hg. Operations Offices want to know what the data they
provide to EM HQ are used for. Many want EM HQ to define
what information EH HQ needs so that planned field
information system improvements can be designed to
incorporate these needs.

6) Container tracking of waste throughout its life is difficult
or tspossLble for some wastes. Waste tracking by container
is difficult when waste is stored or discharged outside of a
container. Container tracking is also lost through many
treatment processes, such as incineration or vitrification.

7) There are no common definitions of waste and how it should

be characterized. Lack of uniform definitions preclude the
ability to generate complex-wlde information Ilk. total

mass, total radioactivity, etc. Standardized codes for

waste characterization (transportation or ANSI codes} aren't

descriptive enough. Current characterization varies from

81te to site according to regional requirements, local

process requirements, and local policy. Volume reporting is

not consistent and often depends on what volume is important

to the people deallng with the waste at that time. For

example, a waste generator is concerned with the volume of

waste only, a waste disposer Is concerned with displacement

volume for burial. Most Operations Offices see the need to
standardize waste definitions and waste characterization
Information.

8} Informational roles/responsibilities vary among Operation
Offices and among Lead Offices. Responsibilities and

procedures for waste information reporting, QA/QC, audits,

oversight, and informational inquiries vary among sites and
by waste type. Thl8 lack of uniformity makes it difficult

to identify individuals accountable for these functions at
different locations.

9) EM internal waste information requirements differ from
external requirements. Many sites have specialized

information requirements imposed by the county, state,
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region, etc., they're located in. External regulatory
agencies such as EPA, NRC, etc. also impose specialised
waste information requirements. Many of these requirements

are more stringent and/or are based on different assumptions
than DOE's requirements. Therefore, data in reports issued
to external agencies may not be consistent with data

reported to EM HQ. Inconsistent data gives the _mpression
that gM does not do a good _ob in managing its wastes.

10) Waste information systens for OCR_, Be&H, BH, etc. are
separate, even though they have overlapping data
requirements. Each DOE HQ Office develops its own systems
and policies oven though responsibilities and waste data may
overlap with other DOE HQ Offices. With many systems having
common data, It's difficult to make sure data is consistent.

_ccomolishments

For information systems studies, we started one long-term study and four
short-term studies. We added one now short-term study before the end of
the first grant year. The new short-term study is environmental

restoration and waste management data base. We worked on seven studies

in information systems during the first grant year. When dealing with

getting the right information to decision makers involved in consensus
activities, four considerations support information systems: 1)

computer networks, 2) data bases, 3) performance evaluations, and 4)

waste flow modelling. We explore these considerations in our short-term
studies.

In Long-Term Overview Information Study, we surveyed the information
systems of eight DOE sites and two DOE laboratories the managers use to

gather information to make waste and environmental oriented decisions.

We found more than 100 information systems and almost none of them

related to any of the others. We began to analyze the implications of

those systems today and in the future for environmental management in

DOE. Studies included cradle-to-grave data flow analysis for all waste

types and demographic data for all waste tracklng/characterlzatlon

systems. Our interest is in discovering the degree of consensus and

consistency among and between waste information systems.

In WIN Interface Studies, we planned to identify problems with WIN by

analyzing the results of a review by the HAZWRAP/SCO group in Oak Ridge.

MSL anticipates that some of the problem s will be assigned to thl8 study
area as a task or set of tasks because of their role as consensus-

related issues.

In IDB/SWIMS Interface S_udies, specific tasks weren't identified for

this study. One task may be to develop a llst of changes in IDB and

SWIMS to bring them into compliance with regulations and orders to

provide the right data to support consensus.

In A-106 Interface Studies, we looked at off-site reporting to EPA and

OMB on, specifically, waste milestones and budgets. We studied ways to

provide reporting to external agencies so reports produced at various
organizational levels are consistent.
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In RADT_ interface Studies, we studied the Btates' and Tribes'

requirements against RADTRAN capabilities to determine what should be
done to RADTRAN to make it acceptable. The assessment determined if the
right information was presented for the States, Tribes, and DOE to reach

consensus on the risk associated with shipping radioactive waste.

In Environmental Restoration and Waste Management Data Base (BMDB), we

began to research the DOg-wide requirements for the EM data base. We
plan to use the results to study the design of an EM data bags for
providing consistent waste data to stakeholders throughout the DOE waste

complex.

Presentations and Papers are included in Volume II, Papers,
Presentations, and Conferences.
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SE_I_ ¥_ PERFO_CZ I_VI_W

For the second year of our Consensus Grant we focused on consensus
process studies and especially on the test sites, consensus methods, and
consensus process effort areas. We continued to take advantage of the

fortuitous events of the first grant Fear which supported our
development of test sites and initiat£on of consensus groups.

There were no guarantees the Secretary of Ener;,/ would continue his'
emphasis on consensus groups for the lifetime of the grant. So, as we
participated in and observed the workings of these consensus groups, we
wanted to accumulate as much data as we could for our future research
efforts.

We wanted to make sure the plethora of data, made possible by
establishing consensus groups and teat sites early in our grant, were
the right data. This was hard to do without the benefit of a complete

literature review, and the frameworks and models. But we may not find
another time in history when so many consensus activ£tles are happening

where we can make our measurements. In the first year, we also began to

figure out what data to measure, how to measure them, and how to

interact with the consensus groups.

Because of the unexpected opportunity in test sites and consensus

groups, we re-orlented the phasing of our research effort areas so we

could work on the test sites and gather data in parallel with developing

new frameworks and models. Late in the second grant Fear, we spent more

time developing frameworks and models. These efforts were postponed in

the later part of year one because of unusual opportunities in Consensus

Process Studies mentioned earlier. We completed the preliminary

literature search and started the dlsclpllne-orlented literature search

late in the first grant year. We've continued to work on the

dlsclpllne-orlented literature search in the second grant year and are

developing a paradigm for consensus. Based on this paradigm, we began a

paradlgm-oriented literature search late in the second grant year and

plan to continue this effort into the third grant year.

The research emphasis originally planned for the second grant year and

the direction for the out-years is shown in Figure 2. The figure is

included in the proposal and the flrst-year performance report. From

this figure, the six effort areas and the three research domains we'll

use for reporting are listed below. The parentheses indicate the type

of research dominating the second grant year. For example, specific

confirmatory research under consensus tools for methods means we make

measurements and do statistical analyses on whether a given tool affects

the consensus of a group. Global confirmatory research is an

integrative effort, which combines the results of the specific

confirmatory research efforts. Global confirmatory research occurs near

the end of the grant effort when our world culminates in a guide to
consensus.
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I. Fundamental Research

Theory and Concepts (exploratory)

(deeper literature search in parallel with

frameworks and models and paradigm development,

initial effort on consensus gathering expertise)
Consensus Tools fore

Methods (specific confirmatory)

(consensus measurements in consensus

groups)

Rules (specific confirmatory)

(environmental variables to control)

Frameworks and Models (exploratory)

(paradigm development related to original

taxonomles_

II. Consensus Processes

Test Sites (specific confirmatory)

(standardize and relate consensus group set-up)
Consensus Tools fore

Rules (specific confirmatory)

(relate environmental issues to the

consensus process)

Consensus Methods (exploratory and Specific

confirmatory)

(apply methods in consensus groups)

Consensus Process (specific confirmatory and global

confirmatory)

(apply tools from literature,

develop new ones)

III. Information Systems

Test Sites (specific confirmatory)

(relate information sources to Five-Year Waste

Plan execution)

Consensus Tools for...

Methods (specific confirmatory}

(establish information flows)

Within Domain I during the second grant year we brought in more students
in a coordinated effort to focus on the tools for methods and rules for

consensus. This enabled us to take better advantage of the consensus

groups and meetings we set up under the other two domains. In Domain II

and III, we set up the opportunity to gather more data and to do more

studies than we'll ever have enough personnel to interpret. The reason

for the plethora of data was the unexpected and fortuitous events

relating to the presidential transition during the first grant year.

Because we happened to be at this time in history, the whole consensus

opportunity has become a windfall. One of our concerns in fundamental

research was to figure out how to gather the data even if we don't have

all the graduate students available to interpret the data. Another

problem wasz What data do you gather if there isn't one universally-

accepted definition of consensus? We've begun to define consensus and

other related variables, and continued to refine our definitions during

the end of the second grant year.
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Domain I for the second grant year was dedicated to 1) making sure we

gathered the data while we had the opportunity with consensus groups, 2)

guiding the students, tholes, and dissertations to bear on some of these

data, 3) moving the literature search to the paradigm level (including

the disclpllne-orlented studies), 4) developing a paradigm (or

conceptual model) of consensus, 5) defining independent variables of

consensus, 6) developing relationships or categories for tools to get

consensus and identifying or measuring consensus, 7) developing

sltuatlon-speclflc methods to match up to certain situations (involving

the five factors supporting consensus}, 8) developing individual tools

and/or methods to take advantage of targets of opportunity (early

establishment of some consensus groups), and 9) presenting concepts and

literature search, taxonomles, and a paradigm for critical review

(papers and presentations}.

Within Domain II during the second grant year we studied the consensus

groups we established and developed criteria and alternatlves for

conducting meetings of and applying tools to the consensus groups. We

continued to review the consensus activities relating to review of the

Fire-Year Waste Plan throughout year two of the grant.

Domain II for the second grant year was dedicated to i) developing a

checkllst for defining and initiating a consensus group based on targets

of opportunity, 2) establishing criteria for selection of members of

consensus groups, 3} applying tools and methods from the literature, 4)

prototyplng new tools and methods, 5) developing criteria for evaluating

the consensus aspects of a meeting, 6) developing criteria and methods

to evaluate effects of a given participant in the meeting on consensus,

7} developing criteria for choosing whether we want consensus from a

particular meeting, 8) identifying instances of conflict in groups and

evaluating effects of conflict and resolution, 9) developing methods to

communicate results of consensus groups as part of the continuing

presidential transition, 10) deriving methods for broadly sharing

results of consensus groups and gaining feedback (extra-group

consensus), 11) reviewing results of getting consensus in the Five-Year

Waste Plan, 12) suggesting changes for the Five-Year Waste Plan update

to enhance consensus, 13) evaluating how to implement the consensus

aspects of Five-Year Waste Plan during the first year of the plan, 14)

evaluating relationships between culture, plan, and other management

tools, 15) applying methods in consensus groups, 16) identifying methods

from the literature, and 17) presenting concepts and consensus group

case studies and results for critical review (papers and presentations).

Within Domain III during the second grant year we evaluated the

information people have available to them as they carry out the Five-

Year Waste Plan both at headquarters and in the field. We addressed

several questions. What is the right policy or philosophy for how all

those information systems work together? Which information systems feed

other information systems? Which information systems are similar enough

to provide compatible information to a decision maker? Decision makers

are going to be more involved in consensus type decisions than ever

before. We focused on information systems that give all decision makers

a lot of information so they can come together and make more coordinated

or partlclpative-type decisions. It's a different type of generation of
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information than DOE has dealt with before. We continued to consider

the origins and flows of information into the Five-Year Waste Plan as we

participated in the update process. Thl8 activity continued into the

third grant year.

Domain III for the second grant year was dedicated to 1) scoping a

conceptual approach for accessing consistent waste data from

suakeholders throughout the DOE waste complex, 2) evaluating the

information people have to carry out the Five-Year Waste Plan at

headquarters and in the fleld--check for timely, accurate, and relevant

data and information, 3) evaluating what should be done with information

systems from the perspective of generating information for groups of

managers making participative decisions, 4) evaluating information

origins and flows into the Five-Year Waste Plan, 5) securing equipment

and resources needed to set up the information gathering and

communications laboratories, 6) identifying what should be done with the

information systems throughout the complex from an information systems

perspective, 7) integrating waste information for EM to make consistent

and global decisions, and 8) presenting concepts for critical review

(papers and presentations).

Fundamental Research

Backqround

Consensus is an ideal group decision state, often strived for, but

rarely achieved. Ideally, consensus assures complete understanding of

the issues and options, total agreement on the best solution, and

complete commitment and support for that solution (Gentry, 1982)_

Research concerning whether individuals or groups make better decisions

isn't conclusive, but does suggest under certain conditions groups make

better decisions. Our research emphasizes group decisions. Achieving

consensus is dependent on a number of variables. Through our literature

search we're building a paradigm of consensus which relates variables
and is the framework for our research. We've identified and are

studying a number of these variables. For instance, we're researching

the role of facilitators, experts, conflict, and information

availability as they relate to consensus. We've begun preliminary

measurements of the amount of information available to solve a problem

to determine Its effect on the degree to which consensus can be

achieved.

Measuring consensus is difficult. The best way to characterize

consensus is as a "hypothetical construct." We often presume consensus

exists at some point whe 9 everyone's ideas have been combined into one

complex whole. We may not be able to measure consensus directly. We

may need to infer it. Some ways consensus has been measured are by

degree of agreement, individual feelings about the probabillty of an

event occurring, interaction patterns within a group, and individual

preferences.
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Adding to this confusion is the fact that consensus refers to both 1) an

ideal situation in groups (product) and 2) the ideal means to achieve

group goals (process). Consensus in a small group setting can apply to

a decision making process or the product of the process. Jay Hall,

author, defines consensus as "a decision process for making full use of

available resources and for resolvlng conflicts creatively." If we look

at consensus as the Ideal goal in groups instead of a process, we are

still faced with different meanings. Definitions used in the literature

for consensus range from the degree to which the most influential people

in a group agree to perfect unanimity among a11 group members. Some

people refer to consensus as a state of mind, a "we" feeling among the

participants in a group, Irving Janls emphasizes the negative aspects of

thl8 in hl8 book Groupthink. He defines groupthlnk as ".... the

desperate drive for consensus at any cost that suppresses dissent .... "

Toward the end of the grant year we focused on designing instruments for

measuring consensus in all situations. There are many decisions DOE

personnel make every day which we considered measuring by other methods.

Such decisions include prioritizatlon, resource allocatlon, selection,

and compliance.

With the new push for culture change within DOE, there exists a need to

help people work better together, be more open, and share information.

We researched scenarios to be used with DOE groups comprised of People

whose new job responsibillties require them to work together. Such a

team building management tool would also be used with groups comprised

of DOE employees and contractors who are being required to work closer

together and share information.

While it'8 important to find ways to measure consensus so we know

whether or not we've achieved it, our foremost task Is to find how to

achieve it in the first place. Our consensus research has focused

heavily on techniques for achieving agreement. We've studle_ a number

of group techniques for idea generationz brainstorming, bralnwritlng,

idea writing, and forced relationship techniques.

Brainstorminu i8 one of the most widely used group techniques for

creating ideas. The theory i8 that verbally inputted ideas from group

members will spark other ideas from other participants. These new ideas

may in turn spark other ideas from other group members, and 8o on. Alex

Osborn, the originator of Brainstorming, calls this "organized

ideation". The process should result in a large pool of ideas.

_rainw_$tlnq differs from Brainstorming because participants generate

and submit ideas on 3X5 index cards instead of verbally inputting ideas.

An advantage of this process over Brainstorming 18 group members are

more likely to submit any idea simply because the source of the idea is

unknown to the group.

Idea wrltinq is a more structured version of Brainstorming and works

best with groups of four or five. Each participant writes three idea|

separately on three index cards and passes the cards to the left. The

next participant sorts the cards in any manner he or she wishes (e.g.,

importance, usefulness, simplicity) to help structure hl8 or her
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thoughts on the problem. The participants add three more ideas to the

cards they have and then pass them to the left. This process continues

until eQch participant has written twelve ideas and sorted the last
stack received.

FoEq%d RelatlonshID Technluues are structured techniques to aid in

stimulating new ideas. Two or more ideas, objects, or methods are

forced together to produce something new. Because of the structure of

these techniques, they generally result in a more focused llst compared

to unstructured techniques llke Brainstorming or Bralnwrlting. Forced

relatlonshlp techniques include transformation and attribute changing,

Transformation is used to change an object or a process to make it more

useful. Attribute changing breaks an object or process down into its

characteristics and generates a list of possible ways to change the

attribute.

We've also studied group techniques for problem cause identification:

Pareto Analysis and Cause and Effect Analysls. Various techniques are

employed to examine the cause of a problem.

_reto Analysis delineates the causes of a problem and helps the group

focus on the most important causes. It does this by using a parsto

diagram. The pareto diagram consists of a combination bar graph and

line graph. The X axis of the pareto graph is typically the indlvldual

causes of the problem. The Y axis is typically a measure of the problem

(e.g., cost to the company}. By viewing separate causes of the problem

together, measured on a common scale, it's easy to see what causes are

the greatest contributors to the problem.

C_uee and ESfect _nalvsls also incorporates a graphical method, cause

and effect diagram, to show relationships between causes and the effect

of those causes for a given process or problem. The effect of a problem

is listed at the end of a long arrow. Then all causes of the effect are

grouped by category and linked along the arrow. This produces a

"fishbone-like" diagram. This diagram can be used to understand the

relationships between causes of a problem and aid the users in

identifying "attack areas" for problem resolution.

Our research effort has mainly focused on group techniques for idea

generation and decision formulation. We've studied and tested a number

of techniques for group decision making: Nominal Group Technique,

Improved Nominal Group Technique, Delphi Technique, and "Generic"

Interactive Group Decision Process.

Nominal q_OUP Technluue (NGT) is a structured group decision technique

consisting of four steps: 1) Indlvidual silent generation (i.e., group

members write their own ideas about the problem), 2) round-robln

recording of ideas (i.e., each group member, one at a time, presents on_

of his or her ideas to the group without discussion, 3) group discussion

for the purposes of clarification and evaluatlon, and 4) Indlvidual

voting on prlorltles through rank-order or rating procedure. "The group

decision is the 'pooled' outcome of individual votes" (Van De Ven &

Delbecq, 1974).
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Imoroved Nominal Grouo Technloue (INGT) adds several steps to NGT.

First it uses Delphi's (see below for description of Delphi technique)

method of inputting and review of ideas (through the mail} before the

actual meeting takes place. Next, instead of inputting ideas for

clarification and evaluation verbally (as in NGT), INGT has group

members submit ideas on 3X5 cards (maintaining group anonymity).

Inputting ideas on 3X5 cards also allows more than one input at a time

(reducing bottlenecks). Lastly, INGT provides for post voting, ranking

discussion, and a second round of voting ranking if the group so

desires.

Delphi Technloue 18 a group decision process that provides for the

systematic solicitation and collation of Judgments on a particular topic

through a set of carefully designed sequential questionnaires

interspersed with summarized information and feedback of opinions

derived from earlier responses (Van De Ven & Delbecq, 1974). Two

iterations of questionnaires and summary reports are used. The first

questionnaire 18 designed to obtain information on the topic or problem.

It Is distributed anonymously to participants through the mail. (Note:

This 18 the "diverging" questionnaire}. The participants generate their

responses to the questionnaire and mall these back to the administrator

of the process. The responses are summarized into a feedback report.

Thl8 report, along with a second questionnaire designed to probe more

deeply into the ideas developed in the first questionnaire, i8 Bent back

to the participants. CNote: This Is the "converging" questionnaire).

Participants independently [and anonymously] evaluate the feedback and

respond to the second set of questions. Typically, participants will be

asked to vote independently on priority ideas. Participants return

their second responses to the administrator by mail. Generally, a final

summary and feedback report Is sent to all participants.

,Generic" InteractSve Group Dec_slon Process Is an interactive group

decision process with a typical format that starts with a problem

statement by the facilitator to the group. A group discussion for

generating information and pooling Judgments follows. The meeting

concludes with a majority voting procedure on priorities, or a consensus

decision.

We've researched grou P techniques for decision formulation, decision

analysis and judgment evaluation. These techniques go beyond

formulation of decision and analyze the result. These techniques are

Consensus Mapping and Social Judgment Analysis.

_0_$@nsu8 Mavvlno group decision process assumes a task group has

already Ca) generated a list of ideas about a partlcular issue or

problem under consideration, (b) clarified the meaning of those ideas,

and Co) conducted a preliminary evaluatlon (i.e., ratings or

prioritization) CHart, etal, 1985). Therefore, Consensus Mapping would

start where a process like NGT would finish. Consensus Mapping uses two

to four task groups (usually five to nine members each).

SocSal Judqment AnalTs18 (sJA) 18 based on Tolman and Brunswik'8

approach to cognition (Tolman, 1932; Brunswlk, 1943; Tolman & Brunswlk,

1935) and includes: Ca) placing a weight (i.e., a particular degree of
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importance) on a piece of information, (b) developing a "functional
form", or a functional relation between each piece of information and

the final Judgment, and (c) using a particular method for integrating

all dimensions of the problem (this is called "organization principle"}.

SJA uses "cognitive feedback" to help reduce disagreement and improve

the quality of judgment. It allows participants to dealopenly with

conflict and/or disagreements in underlying judgment policies. They can

see the exact locations of agreement and disagreement. Participants

examine the weights and functional forms of other participants.

Therefore, they can understand why another participant makes a

particular judgment by looking at the importance the other participant

places on each piece of information and the functional relation between

each piece of information and the other participant's final Judgment.

These functional relationships are represented by individual "cognitive

maps".

We examined a few group techniques incorporating conflict. These

techniques for arriving at a decision include conflict as part of the

process. They arez Dialectical Inquiry and Devil's Advocacy.

Dialectical _oulr v uses conflict among two teams to arrive at a quality

decision. It develops two different recommendations, based on contrary

assumptions, from the same data. The group divides into two teams, each

team taking a side. The teams debate each recommendation to spell out

the implications of each decision, revealing its underlylng assumptions,

and challenglng (defending} those assumptions as effectively as

possible. The assumptions that survive the scrutiny of the debate

(along with new assumptions formed during the debate} are grouped and

recommendations are formed by the group members. These final

recommendations are the group's solution.

Devil's Advocacy also uses conflict to arrive at a quality decision, but

it does it differently than Dialectical Inquiry. In this approach, a

solid argument is developed for a reasonable recommendation. This

recommendation is then subjected to a formal critique that attempts to

show why the recommendation should not be adopted. Through repeated

criticism and revision, a mutually acceptable recommendation is. formed.

So the difference between Dialectlcal Inquiry and Devil's Advocacy is

that Dialectlcal Inquiry starts with two recommendations and employs a

debate to arrive at a mutually exclusive decision, while Devil's

Advocacy uses one recommendation and employs criticism and modification

to arrive at a mutually exclusive decision.

We've studied the few documented group techniques for gaining consensus:

Hall's Consensus Guidelines and Social Judgment Analysis. We'll

continue to study and search for such techniques and design our own

group technique for gaining consensus based on previous work.

Hall's Consensus Gu_de1_nes provides rules to follow for gaining

consensus. Hall (1971) noticed through experimentation that groups with

formal training perform consistently better than groups without. He

summarized the behaviors of the most effective groups and translated
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them into a list of guidelines for consensus gaining. The guidelines
are|

1. Avoid arguing for your own ranklngs. Present your position as

lucldly and loglcally as possible, but listen to the other

members' reactions and consider them carefully before you press

your point.

2. Do not assume that someone must lose when the discussion reaches a

stalemate. Instead, look for the next-most-acceptable alternative

for all parties.

3. Do not change your mind simply to avoid conflict and to reach

agreement and harmony. When agreement seems to come too quickly

and easily, be suspicious. Explore the reasons and be sure

everyone accepts the solution for basically simiiar or

complementary reasons. Yield only to positions that have

objective and logically sound foundations.

4. Avoid confllct-reducing techniques such as majority vote,

averages, coin flips, and bargaining. When a dissenting member

finally agrees, don't feel that he or she must be rewarded by

having his or her own way on some later point.

5. Differences of opinion are natural and expected. Seek them out

and try to involve everyone in the decision process.

Disagreements can help the group's decision because with a wide

range of information and opinions, there is a greater chance that

the group will hit upon more adequate solutions.

Sgclal Judament Analvsls, which we've already described, can also be

Included as a consensus gaining technique.

The above discussion illustrates some of the state-of-the-art techniques

available for decision making in general and the consensus process in

particular. But a "tool kit" of available techniques does not provide

us a sufficient understanding of consensus. Nor does it enable us to

validly measure it, or know when we've achieved it. Our research is

designed to address these issues.

During the last part of the second grant year, our fundamental research

accelerated. We made progress in our efforts to understand,

conceptualize, measure, and influence consensus. The following

paragraphs detail our progress.

Accompllsh_e_t_

For fundamental research, we worked on thirteen studies during the

second grant year. During the second grant year we added three new

studies in fundamental research. The three new studies are: 1)

consensus techniques, 2) consensus facilitators, and 3) consensus

scenario generation.
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In the Consensus Library, we've begun to usa MSLSearch, our on-llne

colmputerlzod reference system. MSLSoarch performs two major functions.

First, bibliographic information and locater descriptions are entered to

allow easy retrieval from MSL's library. Second, we can enter article

summaries which include key research findings, variables, kay words,

hypotheses, definitions, and conclusions from each reference. We usa

the summaries for sorting and organizing reference material to aid the

graduate students, MSL and adjunct researchers, and attached research

faculty. The summaries will help in preparing articles, theses,

dissertations, bibliographies, conference papers, other scholarly and

professional presentations, and in preparing materials for use in

developing and testing consensus tools within the test sites.

We've identified 257 articles we want to review and have reviewed 186 of

those. We now have the results of an electronic search conducted at the

Library of Congress, giving us access to some 5,000 titles. We've begun

to identify articles we're interested in reviewing and are identifying

and categorizing variables. At present we've identified 13 disciplines

around which we'll organize the literature search. They are:

communications, computer science, economics, education, group behavior,

human factors, management, management science, organizational behavior,

political science, psychology, sociology, and social psychology. We'vl

identified 76 variables and have placed them into preliminary

categories. We've also developed a preliminary paradigm of consensus

we'll use to organize our research.

As our research progresses, the dissemination purposes of the library

and MSLSearch will remain the same, but the collection purpose will

shift from general to specific in response to the more particular needs

of filling literature gaps to support more precisely defined ongoing

research activities. For example we've already begun an extensive

literature search on group consensus development and management. This

has involved an inventory of several thousand documents to be reviewed,

and where appropriate, abstracted.

A second major emphasis was on the development of new theories and

concepts to support our research of consensus. Though we already began

this effort in our preliminary research, emphasis on this area will grow

as results indicate inadequacies in current theories and concepts.

In Consensus Process Studies, we studied intra-group, Inter-group, and

extra-group consensus (the three types of consensus we've defined} by

observing working groups under varying circumstances. For instance we

researched Intra-group consensus by forming an autonomous work group.

To investigate the need for facilitation to reach consensus, the group

met for six months without a facilitator and six months with an outside

facilitator. We examined ways to measure consensus in non-ranked

situations in small group interaction. We observed and recorded group-

process data at a number of DOE-Inltlated meetings so we could analyze

thls data in terms of consensus-related variables.

In Consensus Paradigm Development, we identified relationships among the

varlables of consensus found in the dlscIpllne-orlented literature

search. Given the various definitions from the disciplines, we
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constructed a first draft of the paradigm or model. We looked at

variations of components of the paradigm to determine practical

applications. We used our initial paradigm to structure the remainder
of the literature search.

In Organizational Static. and Dynamics, we used an exercise called the

Lost on the Moon test (developed by Jay Hall} to measure the strength of

consensus within a group. We defined the strength of consensus as the

extent to which the individual ranklngs done after the group exerclne

correlated with the consensus ranking done by the group. We recorded

the group discussion and conducted an interaction analysis as a separate

measure of the strength of the consensus. Starting with methods

proposed from the literature, we continued to determine empirically

which methods are best for achieving the strongest consensus.

In the Consensus Academic Plan, we seeped a plan for approaching our

research activities both within each of the three research domains and

across other domain.. Based on the literature search, this academic

plan is more detailed than the plan in the proposal. We must

continuously update the plan to accommodate targets of opportunity as

well as new finding.. The plan is crucial for maintaining an

integrative understanding of consensus as we study consensus and outcome

processes across the three domains.

In Consensus Case Study Research, we studied and compared the specific

historical case studies involving consensus processes we selected in the

first grant year. We examined key decisions made by consensus in four

areasz foreign policy/peace negotiations, emergency relief, Presldentlal

advisory groups ("kitchen cabinets"}, and labormanagement negotiations.

We identified elements present in the successful decisions, as well as

those absent in unsuccessful decisions. Through this process we

identified essential elements of a successful consensus decision. This

study will be completed during the next grant year.

In Consensus Gathering Systems, we continued to develop a system that

accepts the ideas of group members individually, understands areas of

agreement among the £deas, work. on compromise and support, and

identifies the degree and breadth of consensus. This consensus-

gathering system has the ability to understand what the users say,

extract the users' ideas from what they say, identify similarities and

differences between the ideas, and set-up an hypothesis as a consensus

among the group. Such a system must be grounded in a solid

understanding of the rules of consensus and the consensus process.

In Consensus Group Dynamics, we looked at several variables related to

group commitment. We reviewed the relevant literature and identified

five independent variables affecting consensus of a grou_ commitment,

homogeneity of group, conflict, leadership, and power. We also expanded

a compilation of instruments that others have used to measure consensus-
related variables.

In Consensus Techniques, we studied a number of different group decision

making techniques. For example, Nominal Group Technique, Delphi

Technique, Social Judgment Analysis, and Brainstorming. Based on our
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research of other techniques, we develo_d our own technlq_e for
reaching consensus. We studied other techniques and, when applicable,
update our technique as needed. We also looked at matching techniques
to different applications based on the components of the consensus
paradigm. Then, we worked on the development of a management tool to
help a facilitator select the best technique for reaching consensus.

In Consensus Facilitators, we studied the role of the group facilitator

in assisting group members through their interactions. Factors such as
the facilltator's knowledge of the group dynamics and the personality

traits of group members were the focus of our research. We plan to use
the results of these studies to dictate what knowledge and tools
facilltators-ln-tralnlng need to learn to more effectively and

efficiently facilitate group meetings.

In Consensus Scenario Generation, we analyzed information to develop DOE

applicable scenarios for problem solving requiring a consensus decision.
Using supporting information from the literature search, our qualitative
data gathered from observing consensus meetings such as Consensus Group

2, and our experience testing from the Lost on the Moon exercise (under

the study Organizational Statics and Dynamics}, we developed a clear

definition of the problem and some form of choice for the solution. In

the third grant year we'll choose one scenario and develop it into a

management tool for team building.

In Information Availability, we conducted an experiment designed to
examine the effects of information availability on the group consensus

process. We were particularly interested in process gains and losses

resulting from social interaction and uncertainty based on the
information available to the group as a whole. In our experiment we had

eight small groups execute the Lost on the Moon exercise with each group

receiving one of three levels of information about the Moon or th_

problem situation. Each individual generated a solution to the problem
then each group generated a solution. To measure group consensus, we

measured decision quality of both individual and group solutions. Group

decision quality scores were better than the average of individual

decision quality scores in all cases and groups were highly committed to

their consensus ranking regardless of their assigned information level.

Presentations and Papers are included in Volume II, Papers,
Presentations, and Conferences.

Consensus Process Studies

_ackqround

The magnitude and impact of the U.S. Department of Energy's (DOE)

environmental restoration and waste management program requires a

drastic change in DOE's culture to include the participation of all

levels of government, public forum representatives, and the public.

This change has provided us with a wealth of opportunities to observe

consensus processes as groups meet and try to come to agreement on
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various issues. Much of our research has focused on capitalizing on

these targets of opportunity.

Consensus Group 2, now called the State and Tribal Government Working

Group (BTGWO), is an on-going group that moots approximately four times

a year. Members review drafts of the future Five-Year Plan and other

issues the DOE brings before them. Throughout this precedent setting

process, MSL has taken the independent role of observer/facilitator. In

addition to the responsibility for setting up and carrying out the
meetings, we've acted in the role of coordinator and troubleshooter.

We've strived to take • diverse group of individuals and get them to

work together as a group attempting to help the DOE solve environmental

management and cleanup problems.

Initial members of STGWG were gubernatorial representatives from nine

states with major DOE facilities in theme Colorado, Idaho, Kentucky,

Nevada, New Mexico, Ohio, South Carolina, Tennessee, and Washington.

Also, members of this group included two Indian nations with major DOE

facilities on their reservations (Yakima and Shoshone/Bannock}/

representatives from the National Governors Association/ National

Council of State Legislatures/ and the National Association of

Attorneys' General. Secretary Watkins guided us in choosing these

participants because of their profound interest in DOE environmental

restoration and cleanup activities.

The relationship between the STGWG and the DOE has been successful and

highly beneficial to both. The DOE has made a significant commitment to

the STGWG and has tried to incorporate changes it suggests in the Five-

Year Plan. Throughout the meetings, Secretary Watklns has remained in

close contact with DOE personnel so he can provide real-alms response to

STGWG comments. The first meeting in June 1989 resulted in two major

changes in DOE policy which were written into the Five-Year Plan. The

first was a time frame for the cleanup of DOE installations. The DOE

also agreed to incorporate into the Plan a clear acknowledgement of

state and tribal authority in the cleanup process. At the second

meeting in July, DOE expanded this acknowledgement and agreed to

negotiate with states and Indian nations for full funding of all

regulatory activities directly related to DOE sites and facilities.

As the meetings continued we learned more about the processes,

participants, and the product. As we applied lessons learned, the

meetings didn't take as long and the product was of a higher quality.

The STGWG was now concerned more with policy issues. The product became

a llst of recommendatlons/comments about the Plan which the STGWG would

llke to see addressed.

As a result of the STGWG meetings in October and April, DOE agreed to

the followlngz 1} to develop subsequent Five-Year Plans consistent with

a 30-year plan commitment, 2) to seek legislation from Congress

establlshing a national commitment to the 30-year goal, 3} to drop all

calls for uniform environmental regulatory national standards, 4) to set

up the Public Interest Review Group to increase public participation,

and 5} to expand the STGWG to include all states with a DOE facility, no
matter how small.
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Toward the end of 1989, our role expanded to include the responsibility

of coordinator as well as observer of the working group ewetinge. It
was decided that our work would best fit under an alternate funding

source beginning January 1990. Therefore, our role under the grant was
limited to observing the STOWG meetings to gather data in support of our
consensus process studies. Therefore, any data gathered would be
reported within Domain I under Consensus Process Studies.

Another opportunity to observe consensus processes was with our
involvement as coordinator and facilitator of Environmental Restoration

Program managers ° meetings. The purpose of these meetings was to
provide a forum for DOE Environmental Restoration Program Managers for
DOE Headquarters and its various field offices to: 1) exchange
information and share experiences and lessons learned concerning
environmental restoration management/ 2) work together on common
environmental restoration management problmns; and 3} discuss specific
items on the environmental restoration meeting agenda to elicit thoughts

and questions. The meetings focused on programmatic discussions as
opposed to discussion of technical problems.

The concept of holding regular Environmental Restoration Program
managers' coordination meetings was suggested at a management
coordination meeting in Denver. It was decided to hold these meetings
once each quarter at different operations office locations. When
possible, the meetings included tours and briefings at site locations of
the environmental restoration projects.

Each meeting included topics suggested by MSL, DOE Headquarters, and
field office participants. MSL used these topics to develop the final

agenda and arrange for speakers. MSL, with DOE Headquarters, also

facilitated each meeting. Following the meeting, MSL worked with DOE

Headquarters to prepare a follow-up report on the meeting. This report

contained a synopsis of the issues discussed and what consensus if any

was reached, as well as any action items that needed to be taken. It

also suggested possible changes in the structure of future meetings such

as changing the format or group participation. At the end of this

report, MSL suggested issues for discussion at the next meeting based on

ideas for topics solicited from participants in follow-up discussions.

EM (Office of Environmental Restoration and Waste Management}
information briefs were a useful tool to communicate the new Office of

!

Environmental Restoration and Waste Management's program activities to a

variety of audiences. The audience included congressional staffers;

people new to the EM program; and members of the general public with a

vested interest in the EM program.

These briefs were modula_ in design so they can be easily tailored to

meet the intended audience and purpose of the presentation. These

briefs were useful in effectively communicating EM's major program

activities to a wide range of audiences during a t_ne when EM is quickly

and vastly growing.

Besides the design and development of information briefs to effectively

communicate EM's major programs, MSL was tasked in June 1990 to
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researche design, and develop a booklet about EM'o major program
activities. Once again, the audience for the booklet was congressional
staffers, people new to the ZM Program, and members of the general
public with a vested interest £n ]rJ4,s Program. The put]pose of the
booklet was to be a tool people could use to learn about FJ4's major
activities. It would be used Is handouts at congressLonal hearings,
public meetings on DOE policy, and conferences related to DOE's
activities. Knowing the audience and purpose of the document, MSL
designed the document to contain a minimum of words with a maximum of
photos and graphics to describe gH's major activities.

Many regulations, which are at tJ4nee overlapping and conflicting, govern

i the land disposal of waste. The development of a consensus tool was
needed to guide FJ4, the Office of Environment, Safety, and Health (EH)
and others In understanding these regulations and their applications.
HaL was asked to work with EM and EH to research land disposal
guidelines and develop a consensus tool for effectively communicating
these regulations.

We had another opportunity to observe consensus processes when
representatives of the U.S. Department of Energy (DOE) met iteratively
with over twenty local government officials from cities and counties
around the country. The DOE officials were from the Transportation
Management Division and the local officials were pr/4uar£1y senior and
mid-level managers with interests £n transportation and emergency
management. MSL, in coordination with the Energy Task Force Management
Corporation (now called the Urban Energy & Transportation Corporation),
designed and facilitated the meetings with these goals:

l. Share information that local government officials can apply to
their own communities7

2. Exchange experiences and ideas applicable to other emergency
management programs; and

3. Identify areas of productive action for DOE and local government
to address issues of mutual concern.

The highlight of the last meeting was a program planning exercise. The

participants, playing the roles of federal managers in DOE, developed
programs to address the concerns of local governments on transportation
of hazardous and nuclear materials, and emergency preparedness related
to incidents involving shipments of those materials.

The program planning exercise used meeting techniques designed to
develop ideas for a Department of Energy program plan to address local
governmental concerns about emergency preparedness for nuclear materials
transportation incidents. Participants were asked to play the role of a
staff member for a DOE administrator, to review a report identifying

local government concerns (the "report" used was based on the actual

product of an earlier workshop), and to develop a program plan for FYgO

and subsequent years to address those _oncerns.
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We designed a structured process to accomplish our objective and
max/4nize our limited t/4ne. The process was interactive, collectively

building a consensus plan based on both individual participation and
team thinking. T_e exercise placed the participants in the role of a
federal manager faced with the difficult Job of trying to satisfy
transportation concerns while staying within organ£sat£on_l constraints.
We hoped the result of our participative exercise would be two-folds
first, to generate a program of initiatives to address local concerns
(and suggestions for their £mplen_entation)l and second, to foster
better mutual appreciation of the problems facing all of ue in
developing such a program.

To do this we designed an exercise with three maln parts. First we
divided into teams for the purpose of designing programs to wet our

objective. For the second part we reconvened to have team leaders
report back to the larger group on the initiatives and _nplementing
steps developed by each team. And for the third part we discussed the

m various aspects of each plan and achieved consensus on a composite
program plan that might serve as a model for continued coop@ration
between DOE and local governments.

Since Management Systems Laboratories is now supporting DOE's

institutional interactions with local transportation officials through a

separate cooperative agreement, we decided to discontinue the work.

_qcomollshment8

For consensus process studies, we worked on eighteen studies during the

second grant year and added five new ones. The five new studies, all

short-term, are 1) site specific plans (communlty relations}, 2) Five-

Year Waste Plan update, 3) plan update process: ADS system, 4) waste

operations emergency preparedness, and 5) the EM Primer. We completed
twelve studies during the second grant year. Four of these completed

studies were moved to other funding sources. The four studies arez 1)

consensus group 2 (institutional}, 2) consensus group 3 (Interagency),

3) consensus group 1 (EMRG), and 4) Nuclear Waste Transportation.

In Management Analysis and Networking, we analyzed DOE's culture which

traditionally was an inward looking, secretive, technically speaking

organization. DOE's desire was to become an open armed, outward

reaching, broadly speaking organization in environmental, sociological,

psychological, and technical terms. DOE wanted to speak to the larger

public to derive consensus for its activities and move its old culture
to a new, consensus oriented culture. We were involved with DOE

headquarters, field sites, contractors, and off-slte participants to

observe the changes taking place. To assist DOE with identifying the

organizational structure it needed, MSL visited field sites to study how

changes were impacting the present organizational structure. We brought

together organizational experts who worked for DOE for years and
understood its old culture and documented their ideas for an

organizational design more suited to the new culture.

In Consensus Meetings, we continued to encourage consensus between

headquarters and field sites by setting up and studying various
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consensus groups during the year. These meetings involved

representatives of the U.S. Department of Energy and over twenty local

government officials from around the country. We tried out different

processes on different consensus groups as they met at different times l

and on different subjects. For instance, we found meetings were more

successful if: 1) workbooks were provided; 2) the participants had

thorough knowledge of the issues; and 3) we employed a proper mix of

informal and formal procedures. We made observations leading to

implications on new tools and methods and on possible sensitivity of

potential variables,

In the past, Environmental Restoration Program managers' mootlngs

occurred quarterly. Sowever, this past year we only had one meeting in

May 1990 in Santa Fo, New Mexico, duo to federal budget cuts. During
the meeting, MSL worked with the host, the Albuquerque Operations

Office, to develop issue topics for discussion. Many of these topics

were derived from discussions with regular participants of the meetings.

MSL also designed the format of the meeting and facilitated it with DOE

Headquarters.

In Consensus Group 2 (Institutional}, we observed the consensus

processes of the State and Tribal Government Working Group (STGWG). _n

addition, we set up several meetings and served as the facilitator,

coordinator, and troubleshooter. We tested different procedures to

bring this diverse group of individuals together as a group working to

solve environmental management and cleanup problems. We tried to

operate the group to give the stakeholders enough freedom and

flexibility so they didn't feel constrained while we got the full

benefit of their views. Our role developed into one of an observer and

it was decided our work best fit under another funding source. However,

data gathering would continue under Domain I, Consensus Process Studies.

In Consensus Group 3 (Interagency), we didn't have the opportunity to

bring together federal agencies like EPA (including all eight regions),

OMB, and others as planned. Such agencies represent an entirely

different type of stakeholder from the other consensus groups we've

observed. Due to the difficulty of bringing these agencies together,

we're lookln? for independent opportunities to observe these types of

groups. Our research shows achieving consensus in this type of

situation would be most difficult, therefore; this study has been

completed. Any future attempts af observing for data would be reported
under Domain I.

In EM Command Briefs (old Transition Management), we observed and

studied Secretary Watklng' culture transition in DOE. The culture

transition continued to take place. MSL spent considerable time

studying and researching culture transition in other organizations. For

instance, AT&T's culture transition has been a massive and dramatic as

DOE's. AT&T is a monopoly and much llke a government organization. It

was secure, emphasized quality and service, and considered cost later.

Now AT&T must be a competitive, cost-orlented organization which removed

security from its employees. AT&T managed its cultural transition by

defining and symbolizing its new culture and by drawing pictures of a

"shared values pyramid." AT&T instituted a huge promotional campaign to
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communicate the culture and get people's commitment to the culture. We

observed the approach DOE used to institute its new culture and compared

the process and results to those of AT&T and other organizations who

have taken a proactive approach to changing culture.

We worked with the transition, in general, and the culture transition,

in particular. We emphasized how to manage the transition. We
researched what sources of information should be presented and whether

or not that information should be issue-orlented or status-orlented. We

studied and tried to determine who should play what roles, what kinds of

information were appropriate, and what was the purpose of the

information. We researched ways to pull together a new organization and

studied the effects of growth on an organization as it relates to

consensus. Our research resulted in a ten-step strategy for managing

culture change. We researched, designed, and developed modular

briefings which described EM's major program activities by operations

office. These briefs were used by EM to effectively communicate its

programs to several audiences including program managers new to EM and

members of the general public with a vested interest in EM'o programs.

In Continuous Information Transfer (Video}, we experimented on

developing and cataloging systems for libraries for information

portrayal tools. We studied ways to portray information so you don't

necessarily have to have a person present to have a continuous flow of

information pre-designed for that purpose.

In Discrete Information Transfer (Modules), we studied ways to put

together a presentation in discrete packages so you can address the

specific needs of the audience. Instead of a continuous presentation of

information, you have discrete pieces where you can select and choose

what piece fits the audience. Our rule is audience plus purpose equals

design. We also researched ways of presenting information on slides and

view graphs to maximize audience interest. This study has been

completed.

In Consensus Group 1 (EMRG), we ceased to be involved in facilitation of

the group. This was turned over to the Waste Pollcy Institute. This

study has been completed.

In Nuclear Waste Transportation, we observed consensus processes between

DOE and local governments. Transportation of nuclear waste frequently

involves the cooperative efforts of local, state, and federal officials.

The wide geographical location and diverse interests of stakeholders

increased the complexity of group meetings. We brought together and

facilitated such a group at several workshops and a national meeting.

We collected data for our consensus research. This study has been

closed and moved to another funding source.

In Regulatory Consensus Research (Land Disposal Restrictions), we

research the guldelines by DOE's Office of Environment, Safety, and

Health (EH) and the regulations determined by the Environmental

Protection Agency. We studied land disposal restrictions to guide our

efforts to design a consensus tool for Environmental Restoration and

Waste Management and others to use and apply to disposal of waste. We
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worked with EM and DOE's Office of Environment, Safety, and Health (EH)

to study and disposal restrictions and guide our development of a tool

for EM, EH, and others to use and apply to waste disposal.

In Site Specific Plans (Community Relatlon8), we examined information

from the field as it related to an overall top-down plan. We looked at

how to involve local participation in flve-year planning. DOE's culture

began to change to a more open culture which encouraged community

participation and involvement in policy and planning. As communities

were given opportunities to influence the Five-Year Waste Plan, field

sites were provided with guidance for future communication and

interaction with their communities. We reviewed the plans from each DOE

site to get an idea of how it conformed with the Five-Year Plan. The

Site Specific Plans evaluated and helped implement the Five-Year Plan in

the field. Thl8 study has been completed.

In Waste Operations Emergency Preparedness, we developed a Duty Officer
Handbook for the Office of Environmental Restoration and Waste

Management in accordance with DOE Order 5000.3A, which states that all

headquarter Program Offices with emergency responsibilities must have

duty officer procedures to ensure that the office has a 24-hour point of

contact. The handbook described the headquarter Emergency Operations

Center (EOC) and how the duty officer should interact with the

headquarter EOC coordinators. The procedures outline the duty officer

schedule, shift changes, and Initial emergency notification

responsibilities. This task has been completed.

In the EM Primer Study, we researched, designed, and developed various

drafts for DOE Headquarter's review of the EM Booklet entitled,

"Environmental Restoration and Waste Management Program - An

Introduction." The booklet was designed to provide an overview of EM's

program which would assist the general public as well as EM's staff.

In Five-Year Waste Plan Update, we continued to follow up and apply

lessons learned on the consensus activities generated by Five-Year Waste

Plan. The Five-Year Waste Plan is the vehicle Secretary Watklns will

use to initiate the change in DOE's culture. We spent a vast amount of

our energies in the first grant year participating in the shape and form

of that plan. Its form i8 designed to promote understanding 8o people

of different backgrounds and different desires and agenda can do what

they need to do with the plan. MSL's influence produced more of a plan

as opposed to a status report. We don't believe consensus would be

worth studying if the plan was a status report. Instead the Five-Year

Waste Plan addresses the issues people need to come to consensus on.

Thl8 study has been completed.

In Plan Update Process: .ADS System, we made suggestions for improvements
to the Five-Year Waste Plan as a result of our research and observations

on the construction of the plan. Our waste information data base

containing technical waste information, programmatic waste information,

and transportation waste information can be used to help streamline the

Five-Year Waste Plan. Thl8 study has been completed.
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Presentations and Papers are included in Volume II, Papers,
Presentations, and Conferences.

In Networking for Consensus (UME), we continued setting up bridges and

networks, making contacts, having discussions and interviewing people,

providing information to those people, and convincing those people to

participate in the new DOE culture. Our consensus management research

activities were based on the consensus elements identified from the

historical case studies (under Consensus Case Study Research}. We

developed an early consensus management laboratory that validated those

consensus elements by using a volunteer group of Virginia Tech employees

to assess the validity of consensus elements. We conducted research of

a variety of group facilitation techniques to be employed in the group

consensus process. This also included a profile of characteristics that

should be evident in a group facilitator. We also assisted in the

development of a series of consensus group evaluation surveys.

Information Systems Studies

Backqround

DOE managers use information to make decisions setting policy and

strategy. They must make these decisions based on intermediate

information--unorganized and informal information -- that Is not always

complete. There are two main reasons for this. First, it's sometimes

difficult for DOE managers with different preferences to agree on the

information's content. Decisions are then made based on incomplete

information since managers have not reached consensus on what's needed.

Second, because of the lengthy concurrence chain, decisions must often

be made before information can pass through a time-consumlng approval

process. In both cases, improved management of intermediate information

through automation can lead to more effective information sharing which

leads to more effective decision making. This is because automation 1)

adds meaningful structure to otherwise, informal information, 2) directs

the flow of intermediate information to the appropriate DOE manager for

review and approval, and 3) reduces the time involved in concurrence

activities.

An example of improved management through automation, is the PIP

Concurrence System which automated the process required to concur on and

produce a DOE planning document' the Office of Environmental Restoration

and Waste Management (EM} Program Implementation Plan (PIP}. The PIP

Concurrence System can be accessed through the Waste Information Network

(WIN} System. The PIP had to be concurred on by various DOE managers at

the Field and Headquarters (HQ) level.

The 1987 PIP was created, reviewed, and concurred on through the use of

time-consuming communication tools (mail, phone, facslmile, etc.)

without a defined concurrence process. Structuring and defining the

automated concurrence process dramatically reduced the time and overhead

cost required for the concurrence process on the 1988 PIP. However,
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lessons can be learned from the PIP Concurrence System which can be

applied to other documents requiring concurrence.

We believe managers at different organizational levels may need

different data and information about events or activities for their

decision making. If so, different managers may go to the s_une formal

data stores and not find what they need. What are these differences in

data and information needs? If designers of large computer systems

don't know the answers to these questions, they can't meet managers'

needs. Since hierarchical organizations have overlapping domains o_

responsibility, events or activities performed at the bottom of the

organization are directly managed at the bottom of the organization and

Indirectly managed up through the organizational hierarchy. How does

such a structure influence design of information systems?

The design of information systems is still very much an art. We design

information systems by looking at the characteristics of information,

decisions, and the manager. For information system design to move from

an art to a science, we need a detailed understanding of data,

information, and _he process by which data become information.

Information systems are failing because system designers and operators

don't have enough detailed understanding of data, information, and the

data-to-lnformatlon process to satisfy managers' information needs.

There currently are no comprehensive frameworks which define data and

information in enough detail to describe the data-to-lnformatlon

process. Worse, there's confusion about the terms "data" and

"information", and the two terms are often used Interchangeably

according to Appleton (1986). Upon close examination of the llterature,

we found definitions and relationships that each serve to describe a

portion of the data-to-informatlon process. By assembling these

definitions and relationships, we've developed a framework to describe

data, information, and their relationships. We're working on defining

data and information with enough detail to describe differences in data

and information needs at different organizational levels.

Drucker (1966) says a manager converts information to action through

decisions. Most managers rely on information tools to provide data and

information. Together, the manager and the tools perform the data-to-

information process. The point in the data-to-informatlon process at

which the tools stop and the manager continues the process Is the point

at which portrayal occurs. Portrayal can be data, quantitative or

qualitative information. We define four portrayal formatsz tables,

graphs, checklists, and narratives. The purpose of portrayal is to

convey the results of the data-to-informatlon process to the manager at

the appropriate step in this process. The appropriate step should be

the point at which the manager is capable of completing the process

without further help from the tools.

Portrayal takes place at different steps for different managers and

different situations. Managers can perform the entire data-to-

information process, as when a manager walks around his or her domain to

observe the operations flrst-hand. Managers can also perform little of

the data-to-information process, as when a manager hires a consultant to

provide qualitative information for decision making. In this case, the
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consultant is acting as an information tool for the manager. The

portrayal interface between the manager and the tools depends on the

manager's experience and knowledge, organizational level, personality

type, and the complexity of the problem to be solved.

Information systems should be built and operated with an understanding

of the data-to-lnformatlon process they support. The data-to-

information process serves as a guide to providing the right data and

information to managers by showing the data components, data, and

information types, and how data become information. Further, the

Portrayal interface between the information tools and the manager

describes the right way to provide data and information to the manager.

If the tools complete more steps than needed by the manager, the

information tools are inefficient, and the manager loses the ability to

use hls or her personal preferences in the data-to-lnformation process.

If the information tools complete fewer steps in the process than the

manager needs, the Portrayal will be incomplete, and the manager will be

unable to produce qualitative information in a timely manner. The data-

to-information process points the way to the effectiveness of th_

information tools (getting the right data and information to the

manager} while the correct Portrayal interface points toward the

efficiency of the information tools (providing data and information the

right way}.

For effective and efficient transfer of information we must better

understand organizational levels. Organizational levels are defined as

levels of managerial activity or decision making. Managers are judged

to be at the level of managerial activity or decision making they

prlmarily perform, although all managers may perform some of every

activity and decision. Parsons (1960) proposed three levels of decision

making in an organizationz institutional, managerial, and operatlonal.

Institutional decisions are performed primarily at the top of the

organization and set broad goals and policy. Managerial decisions are

at the middle of the organization and direct the activities of the

organization and coordinate tasks. Operational decisions normally take

place at the bottom of the organization and involve performing the

activities of the organization.

Similar to Parson's framework, Anthony (1965) developed a taxonomy for

managerial activity. Managerial activity i8 broken into three groups_

strategic planning, managerial control, and operational control.

Managers performing strategic planning set policy, organizational

objectives, and determine resources to be applied to attain these

objectives. Managers performing management control assure resources are

obtained and used wisely in the performance of the organization's

objectives. Managers performing operational control are respons£ble for

carrying out specific tasks.

Defining endeavor as any serious determined effort toward a purpose,

Kurstedt (1990) proposes four endeavors based on the Anthony framework:

strategic, tactical, operational, and clerlcal. Strategic endeavors are

those where global efforts are aimed in a general direction using

qualitative measures. Tactical endeavors represent wide efforts

directed toward a tangible result using quantitative standards.

Operational endeavors involve limited efforts focused on a fixed outcome



52

using restricted methods. Clerical endeavors consist of local efforts

constralnod to explicit tasks. Throe of those endeavors (strategic,

tactical, and operational) are supervisory activities, matching Parsons'

and Anthony's three levels of managerial activity. Clerical endeavors
arm not supervisory, although they are managerial activities. Managers
at any organizational level may perform all endeavors, although one
predominates if the manager is performing hls/her Job correctly.

Kurstedt provides operational characteristics for each endeavor in

Figure 5. In those operational characteristics the terms "problem" and

"opportunity" moan essentially the same thing. By comparing those

characteristics against any endeavor we can determine if the endeavor is

strategic, tactical, operational, or clerical.
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In Information Systems Studies, we worked on nine studies during the

second grant year. We added two new studies, one long-term and one

short-term . The long-term study was PB& C steering co_mlttee. The

short-term study was strategic technology processes. Six studies were

completed during the second grant year. In Information Systems Studies,

we moved the PB&C work to a contract-funded account in August 1990 and

put the long-term overview study on hold. DOE's decision to select WIN

as its leading data clearinghouse effectively concluded three of the

studies (WIN Interface Study, IDB/SWIMS Interface Study, and the

Environmental Restoration and Waste Management Data Base}.

In the Long-Term Overview Information Study, we completed the first

phase of waste tracking systems and moved to information systems

supporting five-year planning. In waste tracking systems, we researched

the problems in consensus having the right information at the right

time. We began detailed analysis of data fields found on waste

characterization forms in the information systems survey. We needed to

know what kind of information EM _8 working with in terms of its

information systems, not only at headquarters but throughout the

organization in the field. We studied numerous unrelated information

systems in EM. We also began identifying what the real information

needs were and how to get information to the people who need to reach at

consensus. We identified the capabilities of information systems

supporting waste tracking activities and compared these capabilities to

DOE needs. This comparison identified improvement areas for waste

tracking and provided the basis for a conceptual approach for accessing

consistent waste data throughout DOE. We used this conceptual approach

to identify specific tasks to achieve the overall goal of consistent

waste information for consensus. We put the long-term overview

information study on hold until further notice from DOE.

The PB&C Steering Committee, a DOE steering committee of high level DOE

managers, was formed to decide the future of DOE's culture and

management structure. Thl8 included planning, budgeting, and

controlling systems. The goal of this group was to define the data and

information needed by DOE managers to exert oversight and authorization

functions for Environmental Restoration and Waste Management. The group

establlshed the fundamental goals and structures of an integrated

planning, budget, and control system. It made a series of changes to

the ADS forms; the Program Summary Documents; and other planning,

budget, and control documents. The PB&C Steering Committee, with MSL

support, was asked in August 1990 to establish detailed methods for

formulating the FY 1993-1997 Environmental Restoration and Waste

Management Five-Year Plan. Because thl8 new task did not directly

support the consensus research on this grant, it was moved to another

funding source.

In WIN Interface Studies, we contributed data gathered from the ISS

Volume I, Waste Tracking Systems, and accompanying material from the

data input forms gathered for that survey. Based on this and other data,

DOE decided to use WIN as a data clearinghouse for all waste data for
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headquarters. WIN managers will use data collected in this study to

support this WIN restructuring. This study has been completed.

In IDB/SWIMS Interface Studies, we contributed data on IDB and SWIMS

from the first volume of the ISS survey on waste tracking systems. From

thlm data, DOE managers concluded that SWIMS was ineffective in

capturing data to monitor low-level wastes based on the changing nature

of waste reporting requirements and the age of the data system. Rather

than try to upgrade the system, DOE managers decided to incorporate'

SWIMS data into a unified database on WIN in Oak Ridge. This study has

been completed.

In Environmental Restoration and Waste Management Data Base (EMDB), we

contributed data from the first volume of the ISS survey on waste

tracking systems and made design recommendations for national waste

tracking databases based on our research. Our recommendations were used

by the WIN support and development staff to design thls database on WIN.

This study has been completed.

In Strategic Technology Processes, we began researching strategic

planning and management processes as they relate to strategic technology

development processes. As technology is developed to ensure DOE

activities don't compromise a safe environment, we'll study the

associated management processes. This study is in its early stages.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.
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THIRD-YEAR PERFORMANCE REVIEW

Consensus research during the third grant year has shifted toward

increased activity in the fundamental rlsearch domaln. As thl following

paragraphs explain, this shift in emphasis is the result of the
historical context of our research on toot sites and the consensus

process.

More than any other aspect of our research, test sites and process

studies have been influenced by history. 80, during the second grant

year we acknowledged that there were no guaranties the Secretary of

Energy would continue his emphasis on consensus groups over the lifetime

of the grant. During the latter half of that year, we capitalized on the

fortuitous events which made _OlSlblo our fOCUS on tilt sites and

process studies. Although this emphasis occurred earlier than we had

planned when writing the proposal, we wore lager to accoanodate and

benefit from history. Our active participation in research concerning

test sites and consensus process ended late in the second grant year.

However, our observation and data gathering continued and will continue

beyond year three. By this observation and data gathering, we'll be
able to incorporate findings from current and future group process

meeting, into our research planning and results.

The adjustment, to the sequencing of our research, indicated above,

required us to simultaneously observe groups, gather data, and develop

new frameworks and model.. This change in planned emphasis necessitated

that we reorient the phasing of our research, particularly by expanding

the fundamental side of our research in the third grant year. This we

have done. Thus, there's a noticeable shift away from process and test

sites and information systems toward fundamental research. However, we

remained actively engaged in a variety of research projects in the two

applied ro.earch domains.

During the third year, we continued to emphasize theory and concepts,

frameworks and models, and con.ensue tools for methods and rules. We

made progress in our efforts to measure consensu.. And we came closer

to understanding the role of critical variables on consensus outcomes.

These efforts will be described more fully in the following pages.

The emphasis originally planned for year three Is shown in Figure 2.

From the figure, we have uxtractod six effort areas and three research

domain, we'll use for reporting research in this annual report. The six

effort areas are: theory and concepts, test sites, consensus tools (for

methods, rules, and the guide), frameworks and models, consensus

methods, and consensus process. Within the six effort areas there are

three research domains (fundamental, consensus process, and information

systems). Regarding sequencing of our efforts, obviously global

confirmatory research (such as that culminating in the guido) will

dominate the later years of the research grant. Such an integrative

effort will be preceded by numerous specific confirmatory studios. The

following domains were the planned focl of our thlrd-year research
efforts:
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I. Fundamental Research

Theory and Concepts (exploratory)
(paradigm-oriented literature search, case
studies supporting a consensus paradigm,
frameworks and models, and more effort on

consensus gathor£ng expertise)
Consensus Tools for...

Methods (specific confirmatory)
(refine instruments to measure consensus)

Rules (spec£f£c confirmatory)
(relate specific independent variables
affecting consensus methods and processes}

Frameworks and Models {exploratory}

(paradlgmdevelolxnent related to case studies}

II. Consensus Processes

Test Sites (specific confirmatory}
{routinize consensus group set-up)

Consensus Tools for...

Rules (specific confirmatory}
(relate environmental issues to the
consensus process)

Consensus Methods (exploratory and specific
confirmatory}

(evaluate selected methods in consensus groups)
Consensus Process (specific confirmatory and global

confirmatory)
{design and build tools based on results)

III. Information Systems

Test Sites (specific confirmatory)

(relate information sources to Five-Year Waste

Plan execution)
Consensus Tools for...

Rules (SpeCifiC confirmatory)
(evaluate information flows for Five-Year

Waste Plan, consensus groups, and others)

Domain I for the third grant year is dedicated to: 1) continuing the

paradlgm-orlented literature search, 2) developing instruments to

measure consensus and the dependent variables of consensus, 3)

operatlonallzlng the independent variables, 4) developing instruments to

measure the independent variables, 5) tying the literature to the

consensus paradigm to justify the paradigm, 6) networking to apply

different tools to targets of opportunity, 7) conducting formative

studies on tools to get consensus, 8) identifying which tools affect

other tools, 9) prototyplng consensus methods, 10) setting up

experimental studies to examine frameworks, tools, and methods, and 11)

developing scenarios for waste cleanup and environmental remedlatlon.

Within Domain I during the third grant year, we refined our definitions

of consensus-related variables. We brought in more students in a
coordinated effort to focus on the tools for methods and rules for

consensus. We also improved our measurement strategies. This will
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ultimately enable us to determine whether consensus has occurred and to
what extent it has occurred within the groups we study. In Domain IX

and Ill, we set up the opportunity to gather additional data. Research
in these domains, combined with our fundm_ntal research, has prepared

us to integrate our findings into a consensus guide.

Domain IZ for the third grant year Is dedicated tos I) identifying
specific rules for the gaining of consensus, 2) revising and updating
the Five-Year Waste Plan based on research and development, 3}

identifying and understanding rules to such an extent we can teach
others, 4) deriving methods and rules for routinely updating the Five-
Year Waste Plan, 5} evaluating how reorganization and environmental

changes relate to culture change, 6) establishing a decision tree to
choose tools and methods in given situations, 7) evaluating results of

consensus groups, and 8) researching and applying selected consensus
methods in different situations.

Within Domain II during the third grant year, we studied the consensus

groups we established and developed criteria and alternatives for
conducting meetings of and applying tools to the consensus groups. We
observed and evaluated consensus groups during the latter part of year
three.

Domain III for the third grant year is dedicated to: 1) initiating a
review process for a conceptual approach to assess consistent waste
data, 2) identifying what information should be provided to the
conveners, facilitators, and participants at the test sites, 3)

evaluating con,uunication techniques for representing output of consensus
groups, 4) evaluating information-gathering techniques for the Five-Year
Waste Plan, consensus groups, and others, 5) observing a DOE Steering
Committee Consensus group, 6) developing criteria for a support guide
for _mplementing the Five-Year Waste Plan, 7) developing criteria for
field offices to use in putting together their plans and budgets, 8)

determining relationships among strategy, planning, organization, and
information, 9) developing criteria for a hierarchical planning process,
10) upgrading and determining additional equipment and resources needed
for the information gathering and communications research environment,
and 11) identifying methods for communicating information.

Within Domain III during the third grant year, we evaluated the
information people had available to them as they carried out the Five-
Year Waste Plan both at headquarters and in the field. We addressed
several questions. What is the right policy or philosophy for how all
those information systems work together? Which information systems feed
other information systems? Which information systems are similar enough
to provide compatible information to a decision maker? Decision makers
are going to be more involved in consensup-type decisions than ever
before. We focused on information systems which gave all decision
makers more information so they could come together and make more
coordinated or joint participative-type decisions. It's a different

type of generation of information than DOE has dealt with before. As
year three drew to a close, we continued to consider the origins and
flows of information into the Five-Year Waste Plan as we participated in

the update process.
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Fundamental Research

Backaround

In the third year of our research, we've made considerable progress
refining our definitional framework, our consensus paradigm (or
conceptual model) and its relevant variables, and our emasurement

strategies. Our paradigm is illustrated in Figure 6. We constructed a
revised draft of the conceptual model which outlines the "7 P's"
involved in consensuss precipitator, purpose, people, problems,
participation, process, and products. The precipitator is the general
or overriding problem the group decision making will address. It's the
reason eliciting the meeting. Purpose is the desired outcome. The
people are the individuals included in the groups or individual
characteristics. The problem relates to the task problem.
Participation is the desired involvement of group members. We defined
process as the actual steps to obtain results. And products are
outcomes and outputs of the decision-making group. We looked at
variations of components of the model to determine practical
applications. We're using this model to structure the remainder of the
literature search. Theses, dissertations, and other studies will

address components of our revised conceptual model. We also focused on
tool-development and tool selection research. We'll elaborate on these

accomplishments in the following section.

Consensus has been defined in the literature as either a process to

reach agreement or the product (end state} of agreement. This dual

definition appears to blur the independent and dependent variables.

Because of this problem, the state-of-the-art literature sometimes

obscures spoclflcatio_b for the effective design of consensus

strategies. Because our conceptual model and our research acknowledges

this problem, by distinguishing between process-related variables and

outcome variables, the model's likely to provide useful answers to the

question of how to lead groups to agreement. The declslon-maklng

process must be observed, analyzed, and improved by implementing tested

techniques to improve process effectiveness and to maximize consensus

outcomes (such as perceptions of consensus, actual consensus, and

decision quality}.
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Figure 6. Our paradigm illustrates consensus, the variables affecting

it, and the interrelationships of the variables.

we define consensus as a state wherein a common Judgment has been

achieved by most of those concerned. A Judgment can be a decision or an
Opinion. Therefore, consensus as an end-state only makes sense when
measured at the group level of analysis (i.e, a consensus, by
definition, must be agreement among most members of the group).

However, for perceptual measures of consensus, we can only measure group

consensus by aggregating data of individuals within the group. This

poses a unlt-of-analysls problem that must be recognized.

Two kinds of consensus outcomes are of interest: strength of consensus

and quality of decision. Strength of consensus may be further broken
down into actual and perceived consensus. Somettmem we can measure

actual strength of consensus using methods we have identified from the

literature and are refining. One example is a situation wherein we're

concerned with the extent of agreement or convergence of group members
in ranking situations. Kendall's coefficient of concordance can be
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applied to data in ranking decisions. The standard deviation can be

used to determine "spread" or variability of the data outside ranking

decisions. This measure of spread or dispersion can indicate how

"tightly packed" the data are and hence provide an indication of the

strength of consensus. We are continuing work on addltlonal ways to

measure consensus strength. Measures of consensus strength, both

perceptual and otherwise, received increased attention as the third

grant year moved into its second half.

Decision quality 18 an indication of the correctness of a decision. In

some situations (for example, those which involve ranking decisions} and

with some data, (those which involve objective data}, we can determine

accuracy of decision. However, in other decision contexts we cannot
know whether the decision is correct or not.

The fact that declslon-making groups usually strive to gain consensus on

the highest quality decisions possible plays a central role in our

hypothesis formulation. To reach high-quality decisions, we hypothesize

groups need to maximize the beneficial effects of shared understanding.

We also hypothesize groups require optimal levels of information, expert

power, and conflict. These and other hypotheses were the foci of both

our field study and laboratory investigations during year three. The

results of these studies will enable us to write our guide to consensus

in year five.

Consensus may also be intra-group (agreement within a particular group),

inter-group (agreement between two or more groups), and extra-group

(agreement with an agent or individuals outside the group). Our

research has addressed each of these types of research, but has paid

particular attention to intra-group and extra-group consensus.

From our real-world laboratory (DOE-sponsored meetings of STGWG and

DOE), we have compiled considerable data and experience concerning group

processes in consensus meetings. This data will enable us to better

design group-process research and intervention strategies and will set

the groundwork for our guidebook on group process. We'll expand on

these findings to date and our plans for this data set in a later

paragraph.

i

Accomplishment8

For fundamental research, we worked on fourteen studies during the third

grant year. During the third grant year, we added two new studies:

consensus-based planning and environmental trilogy. We completed six

studies: organizational statics and dynamics, consensus gathering

systems, consensus scenario generation, information availability,

consensus based planning, and consensus case study research. We moved

Consensus Process Studies under the applied area.

In Consensus Library, we expanded the capability of MSLSearch by

increasing the flexibility for entering the article summaries and by

making the program more user friendly. More work on this effort will

continue into year four. The primary purpose of MSLSearch will remain

the same (i.e. serve as an on-line data base to be used by graduate
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students, MSL and adjunct researchers, and associated research faculty);

but the version 1.1, will be able to store more articles, reduce the

amount of time needed to load the information, and enhance the users'

ability to retrieve needed information.

We've continued to locate and review articles. In year three we

identified 882 articles we want to review and reviewed 223 of these. We

also began the process of categorizing our variables. From the

literature we've developed 24 broad categories of variables we believe

are relevant for studying consensus. In addition, we also improved our

earlier paradigm of consensus and have begun to use it to organize our
research.

We began to fill the gaps in the literature as our ongoing research has

become more precisely defined. For example, we now have ongoing studies

in such areas as conflict and consensus, the effect of expert knowledge

on consensus, and how different consensus gaining techniques affect

consensus. In addition, we continued our literature-based efforts on

how consensus can be measured. Finally, we've just begun to study

consensus gaining and decision making in specific planning groups. Each

of these studies requires extensive literature reviews. Thus we've

broadened our llterature base, but have become more specific in the type

of literature we're reviewing.

In Consensus Process Studies, we concluded one research effort

concerning intra-group consensus. (Consensus Process Studies Includes

intra-group, intergroup, and extra-group.) We found that without

facilltation, consensus on important issues may not be achieved. As

indicated above, we also collected considerable data from meetings of

STGWG and DOE (extra-group consensus}. We began analyzlng and

interpreting our data during the closing months of the grant year.

As part of our efforts under this research, we designed the perceived

consensus instrument by modifying questions used by Knutsen, Lee, and

Danes (Knutsen & Holdridge, 1975} and adding two questions from an

instrument used by DeStephen (1983}. The original questions derived

from Knutsen etal. were derived from several q-sorts. Items kept were

those judged most important to distinguishing between agreeing _roups

and disagreeing groups. Sixteen items were scaled from one (strongly

disagree) to seven (strongly agree}. Cronbach's alpha for the measure

was .92 suggesting good internal consistency. The perceptual measure is

assessed at the individual unit of analysis. When determining consensus

in a ranking task (i.e. how much group members agree in their rankings),

Kendall's coefficient of concordance is an appropriate statistic to use

to index group-level agreement.

Additional research was also conducted to characterize two constructs:

individuals' perceptions of infornlatlon usefulness and shared

understanding among consensus group members. These constructs are

process variables we hypothesized as important to consensus outcomes.

We wanted to determine if the strength of consensus in small groups

could be predicted from group members' perceptions of information

usefulness and shared understanding. The hypothesis was that group
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members' perceptions of shared understanding (TJosvold & FieJd, 1985)

and information usefulness (Larker & Lesgig, 1980) would relate to their

ratings of strength of consensus. In other words, subjects perceiving

that the information shared in the group was particularly relevant to

decision making would perceive strong consensus. Conversely, those

perceiving little information usefulness would perceive low consensus.

The rationale behind thl8 hypothesis was that the infusion into the

discussion of helpful information would facilitate cooperation and

agreement among participants. In addition, group members believing that

there was considerable shared understanding in the group would perceive

strong consensus. Conversely, group members believing there was little

shared understanding among group members would believe that consensus

was low. Furthermore, it was predicted that the combination of

perceived information usefulness and shared understanding would predict

strength of consensus better than either predictor alone.

Results indicated that perceived information usefulness was not a

significant factor in the prediction of strength of consensus (R2-.099

(p=.08). On the other hand, shared understanding did signiflcantly

predict strength of consensus (R2=.67, p_.0001). These results suggest

a substantial portion of the variance of consensus was accounted for by

shared understanding and confirms earlier work in this regard. The

hypothesis that perceived information usefulness and shared

understanding would combine to 81gnificantly predict strength of

consensus was not confirmed. This research was completed in year three.

An additional research effort related to observing and analyzing

consensus meetings. Here, we summarize data collected from meeting

evaluation forms at three meetings_ the Atlanta and Arlington State and

Tribal Government Working Group (STGWG) meetings in April and May 1991,

and the Arlington Stakeholders' Forum in May 1991. This form measured

participants' perceptions of their opportunity to express views (four

questions), the degree their expectations were met (two questions}, and

their perceptions of DOE (openness, willingness to share information,

willingness to act on suggestions; four questions}. The form also asked

for unstructured comments on the logistics of the meeting. This form

served two purposes. First, it gave MSL valuable feedback on how to

improve future meetings (STGWG and others}. Second, it supports our
research on consensus.

For each meeting we determined the response rate for the evaluation

form, the means for the responses to each question, and the complete
comments written on the unstructured feedback section. We've also

summarized comments that were given by more than one person and analyzed

the collected data. We've investigated the reliability of the

evaluation form's scales using Cronbach'8 alpha. We've calculated means

to check for differences, between meetings., sessions, or groups.

Response rates for the three meetings ranged from 47% to 81%. This

resulted in sample sizes ranging from 14 to 19 for our statistical

tests. These sample sizes were slightly lower for tests run without DOE

responses. These low sample sizes limited our ability to run

statistical tests, and reduced the statistical power of our tests.
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The multl-ltem scales we used (perceptions of opportunity to express

views and participants' perceptions of DOE) were reliable for all three

meetings. (Cronbach's alpha was greater than .80 in all but two cases.}

In all three meetings, participants' perceptions of their opportunity to

express views were related to Perceptions of met expectations.

In STGWG meetings, the degree facilltator-set expectations were met was

related to the degree the participants' Personal expectations were met.

This result implies either that STGWG expectations w_re not too

dlsslmilar from the facilitator's expectations or that both sets of

expectations were met in the meeting.

There was "consensus" among individual participants on the ranking of

the 10 issues as determined by Kendall's coefficient of concordance.

However, this consensus was not very strong.

Further research on this project will continue late into the grant year

and has been transferred to Consensus Process Studies section in the

applied research area.

In Enviromaental Trilogy research, we began conceptualizing a model

encompassing the technical, institutional, and cultural Perspectives

that converge on environmental issues. The model will be developed

further in year four.

In Consensus Paradigm or Conceptual Model Development, we continued to

refine definitions to identify relationships among the variables of

consensus found in the discipline-oriented literature search.

Fundamental or basic research paradigms give us the concepts to develop

models of EM and ways to measure consensus and other elements of EM. We

constructed a revised draft of the conceptual model which outlines the

"7 P's" involved in consensus: precipitator, purpose, people, problems,

participation, process, and products. The paradigm is described earlier

in this report.

Organizational Statics and Dynamics research was closed due to shifting

priorities.

Xn Consensus Academic Plan, we revised and updated our plan for

approaching our research activities both within each of the three
research domains and across domains. The plan provides assistance for

maintaining an integrative understanding of consensus as we study

consensus outcomes and consensus processes across the three domains.

In Consensus Case Study Research, we studied and compared the specific

historical case studies involving consensus processes we selected in the

first grant year. We examined key decisions made by consensus in four

areas: foreign pollcy/peace negotiations, emergency relief, Presidential

advisory groups ("kitchen cabinets"}, and labor/management negotiations.

We identified elements present in the successful decisions, as well as

those absent in unsuccessful decisions. Through this process, we

identified essential elements of a successful consensus decision. These

elements are: 1) a strong facilitator; 2) possession of all the relevant
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information needed to make the decisions and 3) shared understanding

among all participants.

The facilitator must be a strong leader, but must not stifle discussion.

Shared understanding is essential for group cohesiveness, which in turn

reduces dysfunctional group conflict. One caveat is that group cohesion

must not be allowed to produce "groupthlnk." People need all relevant

information to make an informed decision. Knowing the essential

elements and how to foster them will enable conveners and participants

of consensus meetings to conduct more effective meetings. From this

historical case study analysis we've begun examining the role of shared

understanding and information sufficiency in consensus outcomes reported

under Consensus Process Studies. This research has been completed.

Consensus Gathering Systems research was closed due to shifting

priorities.

In Consensus Group Dynamlcs, we continued exploring the group dynamics

literature. As suggested by the llterature, we further examined

independent variables affecting consensus of a group. For example, in a

pilot study we examined the effect of expert power on consensus. We

learned that group members with information can make a contribution to

group effectiveness, even if their individual decisions would otherwise

be poor. Facilitators must assure experts contribute all relevant

information. We also found that perceptions of expertise, rather than

true expertise, were more important to consensus group members. Also,

decision acceptance was not related to whether or not an indlvidual

thought others would accept the decision. These exploratory findings

were also examined further in subsequent studies.

During the remainder of the third year, we expanded this research to

explore the effect of expert presence on the quality of decisions. We

investigated whether groups with an expert have higher perceptions of

decision quality than groups with no expert.
i

We tested a series of hypotheses related to the use of expert-present

consensus-gainlng groups. Hypothesis 1 stated that groups with an

expert will have better decision quality scores on a Lost-on-the-Moon

exercise than groups without experts. The hypothesis was rejected

t(16, 3)=0.66, p=.52. The likely explanation for the failure of

Hypothesis 1 was the ineffective manipulation of the expert condition

(the manipulation check was insignificant). Further refinement of the

manipulation is indicated to provide an adequate test of the hypothesis.

Hypothesis 2 stated that members of groups with an expert will have

higher perceptions of decision quality than members of groups with no

expert. The hypothesis was not supported. Results were t(17,6)=.23,

p>.05.

Hypothesis 3 stated that the higher the group members' perceptions of

opportunity to express views, the stronger the consensus. Correlations

were computed between perceptions of opportunity to express views and

the three measures of consensus. There was no support for this

hypothesis.
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Hypothesis 4 stated that the higher the group member's perceptions of

decision quality, the stronger the consensus. Correlations were

computed as follows. For perceptions of decision quality and the

difference measure of consensus, the correlation was r=.56, p_.O1. For

perception of decision quality and the questionnaire measure, r-.79,

p_:.O01. For perception of decision quality and the concordance measure,

the results indicated an r=.43, p=.06.

Hypothesis 5 stated that the higher the group members' perceptions of

the opportunity to express views, the higher their perceptions of

decision quality. The correlation between perceptions of opportunity to

express views and perceptions of decision quality was r=.52, I_.05. If

subjects perceive that their views wore heard, they're more likely to

believe the decision quality is high. Conversely, subjects who agree

with the decision may believe their views were heard anyway.

Hypothesis 6 stated that experts will be perceived as leaders. Of the

nln@ experts receiving the highest rating on the use of expert power,

five received the highest scores on leadership emergence. When looklng

only at experts, the leadership emergence scale and the expert power

scale were significantly correlated.

An expanded and refined study was designed to reexamine these results

with an improved manipulation. This project was carried out in year

four and thus will be reported in the fourth year progress report.

In addition, during year three, we assessed whether three different

measures of consensus (difference score), perceptual measure, Kendall's

coefficient of concordance (for agreement of ranked responses in a

ranking task) measure the same construct. The measures were correlated

as follows: The difference measure with the perceptual measure (r=.56)

and the questionnaire with the concordance measure (r=.43). It should

be noted that, while these correlations are high, there's incomplete

overlap. Examining r2 values we find the r2's for the above values .31

and .184, respectively.

In C_nsensus Techniques, we continued to study various techniques and,

through further research and testing, we'll improve our techniques as

needed. We also developed a matching technique for different

applications based on the components of the consensus paradigm. This

technique enables facilitators to select the best technique for reaching

consensus. We've begun to develop a contour map matching available

techniques to problem component examples. This tool categorizes group

techniques based on our consensus paradigm. The technique was reviewed

as a consensus-gaining technique for use at DOE and elsewhere.

We have also investigated structured meeting techniques and reported our

findings in a paper Included An Volume II of the Third Annual Progress

Report. Specifically, we modified and pilot-tested three structured

meeting techniques for EM managers. The techniques included modified

nominal group technique (NGT), role playing with another modification of

NGT, and tabletop exercises.
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Research is also underway to examine the effects of group members'

expectations on consensus outcomes. Tools and methods will then be

developed to assist facilitators in identifying and satisfying group

member expectations.

Zn Consensus FaGi2£tators, we continued our study of the role of the

group facilitator in the consensus process. We developed a series of

recommendations for how facilitators can increase meeting effectiveness

and efficiency. We drew parallels between meetings and control theory.

Meetings, llke systems, have inputs, outputs, and the three system

components--controller, plant, and sensor. The facilitator's role is
that of sensor and controller. Based on this analogy, we assert that an

effective facilitator, or third party assisting consensus, can assist or

adapt a group process to accomplish the group's purpose. But group

dynamics, rather than the task, is the focus of facilitation.

Therefore, facilitators may benefit from knowledge of members prior to

the meeting. For example, it's possible some individuals are easier to

bring to consensus than others. Future research can examine this

hypothesis.

In the third grant year, facilitator studies examined the role of

interpersonal conflict in group consensus process. Specifically, we

began exploring the effects of different typos of confllct on the

abillty of groups to achieve consensus and/or high-quallty decisions.

We've hypothesized that optimal levels of conflict may assure that more

options are discussed. This study will be reported in the Fourth-Year-

to-Date Progress Review under accomplishments.

In Consensus Scenario Generation, we began analyzing information to

develop DOE-appllcable scenarios for problem eolvlng requiring a

consensus decision. Using supporting information from the literature

search, our qualitative data from observing consensus meetings and our

experience testing the Lost on the Moon exercise (under the

Organizational Statics and Dynamics study}, we had planned to develop a

clear definition of the problem and some form of choice for the

solution. We'd also planned to choose one scenario and develop it into

a management tool for team building. However, this project has been

postponed.

In Information Availabilit 7 studies, we examined issues such as whether

1) consensus can be reached without all the relevant information and 2)

low-quality decisions are due to lack of information. The opportunity

for data gathering didn't develop as we would have liked, so this study
was closed.

In Consensus-Based Planning, we began a literature review and developed

a preliminary framework to guide consensus-based planning processes. We

took into account the interaction of group members with differing areas

and degrees of expertise. Due to the direction this research has taken,

thl8 project was moved to another funding source.

Another consensus-based planning project developed a classlflcatlon

system for managers who are considering using a consensus process during

organizational planning. Derived from theory and the literature, the
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classification included four types of planning (autonomous,
consultative, committee, and consensus).

Individual or autonomous planning involves one planner having access to

all required information and formulating a plan. Autonomous planning is

conducted by one planner who may decide to use other people as
information sources but who has authority to write the plan.

Team planning may be by a consultation, a committee, or by consensus.

During consultative planning, multiple planners provide input. However,

flnal plannlng authority is not shared with the entire group. One or

more planners collect, synthesize, and disseminate a plan following

input from the group.

In committee planning, the group divides responeibillty, effort and

authority, usually by area of interest or expertise. Each subgroup or

individual planner constructs part of the plan.

Consensus planning permits planners to reach a common judgment.

Planners share information, express views, and come to agreement about

the final plan. (By agreement we mean general agreement, not

unanlmity.) The following guidelines may assist those deciding on th_

type of planning to use:

11 Determine whether to use team planning; 21 Determine whether to use

consensus planning; 3) Determine whether consensus planning justifies

the cost; 41 Chose a structured planning process; 51 Choose an

interactive participation method for meetings; 61 Choose simple but

powerful information and analysis tools.

The benefits of consensus planning are increased acceptance, agreement,

willingness to implement, and commitment. Disadvantages include time

and effort. However, taking the time to elicit buy-in may save time and

effort later. Another potential problem is that consensus planning may

result in plans conflicting with the manager's vision. Yet, carefully

implemented, consensus-based planning can yield high-quallty plans. An

expanded version of these findings was presented to a national
conference.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.

Consensus Process Studies

_ckqround

As indicated earlier, the magnitude and impact of the U.S. Department of

Energy's (DOE} Environmental Restoration and Waste Program (EM) required

a drastic change in DOE's culture. This included the participation of

all levels of government, public forum representatives, and the public.

This change enabled us to observe consensus processes as groups met and

tried to agree on issues. Much of our research focused on capitalizing
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on these opportunities. However, grant year three efforts focused on

observation and data gathering rather than a greater level of
involvement.

We also observed consensus processes as coordinator and facilltator of

Environmental Restoration Program managers' meetings. These meetings

were a forum for DOE Environmental Restoration Program Managers at DOE

headquarters and its various field offices. Managers exchanged

information and shared experiences, worksd together on common problems,

and discussed specific items on the meeting agenda to elicit thoughts

and questions. Through these meetings, we engaged in preliminary work

to understand EM, identify EM variables, quantify EM objectives, and

develop EM paradigms. We'll continue developing real-world instruments

and running real-world studles--In the EM environment and in the EM

laboratory environment.

At a management coordination mooting in Denver, regular Environmental

Restoration Program Managers' Coordination Meetings were held.

Observational data collected at these meetings provided a database for

our consensus research and generated addltlonal hypotheses.

Accomvllshments

For consensus process, we worked on ten studies during the third grant

year. We added two new studies, both short-term, calledz the Office of

Technology Development (EM-50) integrated demonstrations and the Office

of Environmental Restoration (EM-40} management plan. We completed six

studios during the third grant year. Four of the completed studies were

moved to another funding source. The four studies weres 1) EM command

briefs, 2) continuous information transfer, 3) EM-50 integrated

demonstrations, and 4) EM-40 management plan. The other two completed

studies were regulatory consensus research and EM primer.

In Management &nalysls and Networking, we carefully observed DOE's

progress in communicating and promulgating its new culture. We

continued to observe DOE headquarters, field sites, contractors, and

off-alto participants to observe changes.

In Consensus Meetings, little activity was performed on this consensus

study area because of federal budgetary constraints placed upon DOE.

However, DOE asked MSL to begin researching issues and planning for an

Environmental Restoration Program Managers' Meeting held in May 1991.

One area of consensus group research has been the Stakeholders' Forum.

The Stakeholders' Forum meets once a year to give a broad range of

people an opportunity to provide input into DOE's Environmental

Restoration and Waste Management Five-Year Plan. The forum consists of

representatives from various federal agencies, congressional staff,

industry, education, environmental interest groups, and labor unions. A

Stakeholders' Forum was held May 19 - 21, 1991 in Arlington, Virginia.

Under our grant, we helped DOE to research, design, and facilitate the

forum to meet DOE's objective of providing a wide range of Stakeholders

(those with a vested interest in DOE's environmental programs} an
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opportunity to communicate directly with DOE on issues related to the FY
1993-1997 Five-Year Plan.

As facilitators, we helped participants to elicit and gather comments on

the Five-Year Planning process and related issues, then developed these

comments into a report which DOE addressed at the conclusion of the

forum. As facilitators and observers we gained valuable data on inter-

group consensus building.

For the past three years, we've had the opportunity to observe the State

and Tribal Government Working Group (STGWG). STGWG is an on-golng group

which meets approximately four times a year to provide input into the

formulation of DOE'm Environmental Restoration and Waste Management

Five-Year Plan and to raise for discussion with DOE related Five-Year
Plan issues. STGWG participants consist of representatives of elected

officials from sixteen states, three Indian Nations, and three national

government organizations.

Our opportunity to observe this working group has resulted in the

gathering of data needed to support our studies of consensus processes.

We observed and measured four meetings (May 15-17, 1991 meeting in

Arlington, Virginia; and September 29-October 2, 1991 meeting in Denver,

Colorado; December 2-5, 1991 in Las Vegas, Nevada; March 17-20, 1992 in

Dallas, Texas}.

In EM Command Briefs (old Transition Management}, we assisted with the

research and design of fact sheets from information already researched

for other study areas. We moved this work under a contract more

suitable for sponsoring this type of support effort.

In Continuous Information Transfer (Video), no activity was performed in

year three under this grant and because this work became a more service

oriented effort, we moved it under a more suitable funding source.

In Regulatory Consensus Research (Land Disposal Restrictions), we worked

with EM and EH to complete the research of guidelines for land disposal

of waste, and we woTked with them to reach consensus on a tool needed to

communicate these guidelines effectively to EM, EH, and others. This

resulted in the formulation of the Land Disposal Restrictions (LDR)

Guide which was published and distributed in February 1991. We worked

jointly with EM and EH to develop the LDR Guide.

The purpose of the LDR Guide is to provide Environmental Restoration

Program Managers with information on the application and implication of

the LDR regulations to DOE's Environmental Restoration Program. It is

intended to assist Environmental Restoration Program Managers plan their

projects to ensure compllance with LDR requirements. The guide employs

environmental restoration "scenarios" and examples of decision flow

charts to guide Environmental Restoration Program Managers through a

decision-making process leading to LDR compliance upon project

implementation and completion. This study has been completed.

In the EM Primer Study, we completed the research and design of the EM

Booklet, "Environmental Restoration and Waste Management." The booklet



71

was designed to provide an overview of the program with minimal text

supported by many photographs. The booklet served the nNds of those

intimately connected with EM and introduced EM to those unawere of the

program. It was published and distributed by DOE in February 1991.

This study has been completed.

In Of_£ce of Technology Development (EN-50) Integrated Demonstrations,
we worked with ZM-50 on protocol and guidance on integrated

dlmonstrations. We designed and developed definitions and tables of

contents for three integrated demonstration guidance documents. Because

this new task canm to indirectly support the consensus research on this

grant, it was moved to another funding source.

In Office of Bnv£ronmental Restoration (BN-40) Management Plans, MSL was

asked to work with DOE and contractor employees to build a prototype EM

Management Plan, using EM-40 as a test program. The process of building

this management plan was used not only to achieve consensus on the

management plan format and contents but also to achieve consensu_ on

several EM management processes. The group established the fundamental

goals and structures of the EM-40 Management Plan, and worked through a

series of reviews and changes to obtain consensus. MSL was then asked

to make editorial changes and finalize the EM-40 Management Plan, and

transfer the knowledge gained on the EM-40 Management Plan to the

development teams of other management plans. This new task did not

dlrectly support the consensus research on this grant, and the task was

moved to another funding source.

Presentations and Papers are included In Volume II, Papers,

Presentations, and Conferences.

In Networking for Consensus (UMB), we continued setting up bridges and

networks making contacts, having discussions, and interviewing people,

providing those People with information, and convincing those people to

participate in the new DOE culture. We also provided support to the

literature search reported under fundamental research.

Information Systems Studies

Backaround

Like all managers, DOE managers use information to make decisions and

set policy and strategy. Often, they must make these decisions based on

incomplete information. There are two main reasons for this. First,

It's sometimes difficult for DOE managers, with different preferences,

to agree on the information's content. When managers have not reached

consensus on what's needed, decisions may be based on incomplete

information. Second, because of the lengthy concurrence chain,

decisions must often be made before information can pass through a time-

consuming approval process. In both cases, improved management of

intermediate information through automation can lead to more effective

information sharing which leads to more effective decision making.
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Managers at dif_erent organizational levels may need different data and
in_ormation tot their decision making. Therefore, managers with
differing needs who go to the same formal data stores, may not find what
they need. They may be data rich and information poor. If designers of
largo computer systems don't understand the difference between data and
information, they can't moot managers' needs. Designers of information
systems must also understand the influence of hierarchical organisation.-
(the prevalent form} on the design of information systems. These
organizations typically have overlapping domains of responsibility,
events or activities performed at the bottom of the organization are

directly managed at the bottom of the organization and indirectly
managed up through the organizational hierarchy. How does such a
structure influence design of information systems?

The design of information systems is still very much an art. We design
information systems by looking at the characteristics of information,
decisions, and the manager. For information system design to move from
an art to a science, we need a detailed understanding of data,

information, and the process by which data become information.

No existing comprehensive frameworks defining data and information
sufficiently describe the data-to-lnformatlon process. Moreover,
there's confusion about the terms "data" and "information", and the two

terms are often used Interchangeably according to Appleton (1986). Upon
close examination of the literature, we found definitions and

relationships that each serve to describe a portion of the data-to-
information process. By assend_llng these definitions and relationships,
we've developed a framework to describe data, information, and the
relationships between data and information. We're working on dofi_Ing
data and information in enough detail to describe differences in data
and information needs at different organizational levels.

For example, Drucker (1966) says a manager converts information to

action through decisions. Most managers rely on information tools to

provide them data and information. Together, the manager and the tools

perform the data-to-lnformatlon process. The point in the data-to-
information process at which the tools stop and the manager continues

the process is the point at which portrayal occurs. Portrayal ran be
data, quantitative information, or qualitative information. We define

four portrayal formats: tables, graphs, checkllsts, and narrative. The

purpose of portrayal is to convey the results of the data-to-informatlon

process to the mlnager at the appropriate step in this process. The

appropriate step should be the point at which the manager i8 capable of

completlng the process without further help from the tools.

Portrayal occurs at different steps for different managers and different

situations. Managers sometime perform the entire data-to-lnformatlon

process; for example, when a manager walks around hls or Let domain to

observe the operations flrst-hand. Managers sometime perform little of

the data-to-lnformation process; for example, when a manager hires a

consultant to provide qualitative information for decision making. In
thl8 case, the consultant is acting as an information tool for the

manager. The portrayal interface between manager and tools depends on
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the manager's experience and knowledge, organizational level,
personality tYPe, and the complexity of the problem to be solved.

Information systems should be built and operated with an understanding
of the data-to-lnformatlon process they support. The data-to-
information process serves as a guide to providing the right data and
information to managers by showing the data components and data and
information tYl_S, and how data become information. Further, the

portrayal interface between the information tools and the manager
describes the right way to provide data and information to the manager.
If the tools complete more steps than needed by the manager, the
information tools are inefficient, and the manager loses the ability to

use his or her personal preferences in the data-to-lnformatlon process.
If the information tools complete fewer steps in the process than the
manager needs, the portrayal will be incomplete, and the manager will be

unable to produce qualitative information in a timely manner. The data-
to-information process points the way to the effectiveness of the
information tools (getting the right data and information to the
manager) and the correct portrayal interface points toward the

efficiency of the information tools (providing data and information the

right way). i

For effective and efficient transfer of information we must better

understand organizational level. Organizational levels are defined as

levels of managerial activity or decision making. Managers are judged
to be at the level of managerial activity or decision making they

primarily perform, although all managers may perfo_nn some of every
activity and decision. Parsons (1960) proposed three levels of decision

making in an organization: institutional, managerial, and operational.
Institutional decisions are performed primarily at the top of the

organization and set broad goals and policy. Managerial decisions are
at the middle of the organization and direct the activities of the

organization and coordinate tasks. Operational decisions normally take

place at the bottom of the organization and involve performing the

activities of the organization.

Similar to Parson's framework, Anthony (1965) developed a taxonomy for

managerial activity. Managerial activity is broken into three groups:

strategic planning, managerial control, and operational control.

Managers performing strategic planning set Policy, organizational

objectives, and determine resources to be applied to attain these

objectives. Managers performing management control assure resources are

obtained and used wisely in the performance of the organization's

objectives. Managers performing operational control are responsible for

carrying out specific tasks.

By understanding the target organlzatlon.and by taking information

requirements into account, our informatlon-gatherlng system will help
decision makers obtain the right information (i.e., it will enable users

to become information rich} by offering a systematic framework for data

gathering. We'll accomplish this by realistically simulating

information in the real-world of EM. We'll plan for year lout's

integration of computer hardware and software for information gathering

and communication. An extension of systematizing information is the
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effective coenunieation of that information so consensus groups may make

informed decisions. Accordingly, our efforts In the third year also
will lay the groundwork for the Communications Research Environment

outlined in the proposal. As the continuation proposal for year four

suggests, once we've established a realistic laboratory environment for

the gathering of information, we'll be able to experiment with various
communications formats.

i

Our wo_:k also included the research and development of consensus tools
such as information briefs. ZH Information Briefs are i useful tooi to

communicate the new Office of Environmental Restoration and Waste

Management's program activities to a variety of audiences. These

audiences included congressional staffers, people new to the EM program,

and mombers of the general public with an interest in the EM program.

These briefs were modular in design so they could easily be tailored to

meet the intended audience and purpose of the presentation. These

briefs were useful in effectively communicating EM's major program

activities to a wide range of audiences during a tlme when EM was

growing rapidly.

Besides the design and development of information briefs to effectively

communicate EM'I major programs, MSL researched, designed, and developed

a booklet about EM'I major program activities. Once again, the audience

for the booklet was congressional staffers, people new to the EM

Program, and members of the general public with an interest in EM'I

Program. The purpose of the booklet was to be a tool that people could

read to learn about EM's major activities. The booklet was used as part

of the handouts at congressional hearings, public meetings on DOE

policy, and conferences related to DOE's activities. Knowing the

audience and purpose of the document, MSL designed the document to

contain a minimum of words with a maximum of photos and graphics to

describe EM's major activities.

In another study, we were asked to research, design, and develop fact

sheets. Many overlapping and conflicting regulations govern the land

disposal of waste. The development of a consensus tool was needed to

guide EM, the Office of Environment, Safety, and Hsalth (EH) and others

in understanding these regulations and their applications. MSL worked

with EM and EH to research land disposal guldsllnes and develop a

consensus tool for effectively communicating them.

Some audiences interested in EM's major program activities are

interested in only one segment of it. For example, if they live near

the Savannah River Site (SRS) they might be only concerned with facts

related to SRS's program areas and not any of the other operations

offices. To meet a particular audience's need, EM asked MSL to

research, design, and develop fact sheets about EM'o major program's at

each operations office. There was one fact sheet per operations office

and once again the intended audience was congressional staffers, people

new to the EM Program, and members of the general public with an

interest in EM's Program.
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Accomplishments

In Information Systems, we worked on seven studies during the third

grant year. We added four new studies: WMIS conceptual design, five-

year plan executive summary analysis, MSLTRAK, and EM hazardous and

sanitary waste program background reports. We completed all the new

studies except for EM hazardous and sanitary waste program background

reports. Also completed at the end of year three was strategic

technology processes.

Long Te_ Overview Information Study has been on hold and was closed at

the end of year three with no work performed.

In Strategic Technology Processes, we performed research on a data and

information characteristics framework. This research was performed by a

masters' degree student at the MIT Slosh School of Management as part of

the thesis requirements. It was completed in May, 1991. The research

objective was to gain an understanding of the information used in

strategic decision thought processes. With today's increasing

importance of strategic decisions there is an urgent need to find new

ways to support strategic decision making. Often strategic decisions

are made without adequate supporting information. We simply don't know

how to identify what information is needed or used for these

non-routine, highly qualitative decisions. This research develops a

framework model for characterizing the information usage of strategic

decision thought processes. From this understanding, the reasons why

some strategic decision support systems (either human, paper, or

machine) are useful and why others are not may become known.

The research had three components. First models of nuclear GOA manager

strategic decision thought processes were reviewed. Second, models of

information characteristics were reviewed. Lastly, these models were
combined to form a data and information characteristics framework for

characterizing the strategic decision information usage of nuclear GOA

managers. This framework was then demonstrated using nuclear GOA

manager's strategic decision scenarios. This research was based largely

on the Elementary Mental Activities Model for Strategic Decision Making

(Jones, 1990). For the test cases of this research the decisions and

the related information usage of nuclear GOA managers were studied.

The Data and Information Characteristics Framework (DICF) provides a

means to understand, define, and deliver the data and information used

in a strategic manager's decision process. This framework links

cognitive concepts from the Elementary Mental Activities for Strategic

Decision Making model with the data modelling aspects of the data cube

to characterize the data and information use of a strategic manager's

decision thought process. The framework (see Figure 7) is comprised of

six components:

* Domain of Responsibility
* Classes of Entities

* Attributes

* Time
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* Relationships and Operators, and
Values

These six components interact to define a large portion of the manager's
data and information needs.

Domain of
' Responsibility

(staycuN)

Classes of
Entities

/
.

V,lu
P_

E Enl_vnh'lyt I L_ Race Hok:ler(Vjue cuN)

Attributes

/
, Relationships &_f Operators

Time

H_tork_J
Current

Future
NotImportant

Timeless

Figure 7. The data and information characteristics framework.
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The framework can help establish priorities by looking at the frequency

of use of entity-attrlbute pairs. This frequency of use implies a

probability of need for that data and information. Depending on this

prDbability, the information officer can prioritlze the gathering and

potential development of systems to obtain the data and information.

Work on collecting the information, systems to store it, and buildlng

process models to create the information can be coordinated based on its

probability of use.

A unique characteristic of data and information classifled as future by

the framework's time axes is it determines the need for predictive

models to generate that information. Based on its probability of use,

determinations can be made of the cost of developing these models and

the value of the resulting data and information in strategic problem

solving. The same is true for historlcal time classifications. The

DICF model clearly shows what archlval systems need to be maintained and

their probability of use.

Data and information maintenance is also addressed through the time

characteristic. The resources spent maintaining the currency and detail

of data and information are significant. From the DICF model the

answers to how current is current and how detailed is detailed enough

are answered. Based on these assessments and the frequency of use

qualifier, one can determine where to apply resources in maintaining

currency and collecting detail.

A curious and exceptionally important attribute of the DICF model arises

when either the information officer, the manager, or the domain of

responsibility changes. This attribute 18 the inherent training quality
of the model.

In the case of a change in information officers, the DICF model becomes

a set of easily understood cue cards about how that manager makes

decisions and of what information to learn about the organization. The

new officer can quickly gain an understanding of what data and

information the manager might request as well as know what to get from

the organization as a whole.

If there's a change in management, a set of information about "what's

important" in the domain of responsibility are readily understandable

through the classes of entities and their attributes. In a sense, the

manager has access to a structured view of the world according to the
available data and information. From this data and information view,

managers can apply their knowledge and quickly determine what's missing

and what they don't need, if time for administering a new exercise isn't

available.

Every decision evolves from some process. This research has begun to

define some elementary characteristics of strategic decision processes

relating to data and information needs. The result suggests some ways

the data and information needs of strategic decision makers might be

organized and improved.
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Strategic decision processes are triggered by the identification of a

problem and involve the development of an analytic process where data

and information are inputs. The result of this process is a decision.

The verbal protocols demonstrated the form of these analytic processes

and the data and information used in the process. The DICF model

provides a means to identify the characteristics of that data and

information. This study is closed.

In Five-Year Plan (FYP) Executive Su_oary Analysis, MSL analyzed the FYP

Executive Summary in the summer of 1991 to determine EM'o policies and

promises to all external groups, as stated in the FYP. EM has

management oversight and attendant public responsibilities for the

nation's DOE-generated wastes and their environmental effects -- past,

present, and future. The EM Five-Year Plan (FYP) is the primary

information tool by which EM communicates to the public and regulatory

bodies on its progress and plans for managlng wastes and restoring the

environment. Our goal was to condense these policies and promises and

reflect them back to EM so it could (1) evaluate the policies and

promises to see if they were correct, and (2) determine whether EM was

implementing all the policies and promises. By this method we hoped to

promote effective communication between EM and the public and regulatory
bodies.

In communications theory, a basic tenet is that, in any communication,

the perceived message approximates the intended message to one degree or

another. If the relationship between what is perceived and what is

intended is close, then effective communications can be said to have

been achieved. Effective communications is a significant factor

influencing consensus. The measurement of effective communication and

its impact on consensus is part of ESL's communications research.

We used the following categories to classify EM policies and promises.

* Structure: meaning EM'o organization and

methodologies.

* Relations: meaning EM'o communications channels with

outside groups.

* Commitments: what EM has said it will do.

We performed qualitative analysis on the Executive Summary and found

that EM stressed broad policy commitments, innovative structures, and

developmental relationships with outside groups. Of 103 structural

references, 70 were related to innovative procedures, such as EM'o

public outreach programs and technology development efforts. Of 92

references to relations, 70 referred to developmental relationships,

such as EM'o relationships with public groups, environmental groups, and

educational establishments. Of 104 commitments, 64 were policy

commitments to regulators or the general.public. This analysis was

submitted to EM in the fall of 1991. No new activity for this task is

planned.

In MSLTRAK, MSL performed the MSLTRAK study in the summer of 1991 to

determine the types of tracking and reporting data needed by EM managers

to perform their job. MSL developed a computer system, called MSLTRAK,

to be used as a test device for EM managers to evaluate the usefulness
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of different types of data. The source of data used for this test was

the FYP Activity Data Sheet narrative, milestones, and budgets from the

FY 1993-1997 FYP. The format and content of the data were modified over

a period of several months based on feedback from EM managers.

The findings suggest that DOE managers' primary need is to llnk budget

and milestone data with status data. Status data is data indicating the

progress of tasks, both in amount spent and in scope of work completed,

against expected completion times and amounts. EM Managers also need to

crosscut this information in a variety of ways to determine all tasks

meeting a certain criteria, such as all tasks with slipped milestones at

a particular location, or pertaining to a certain waste type. Visual

presentations were very important, with gantt charts and graphs highly

favored to allow quick assessment of data. These findings and others

were provided in detail to the Progress Tracking System developers at

the study's end in late summer 1991.

In EM Hasardous end SanitarT Waste Program Background Reports, EM'o

Office of Waste Operations established two new HQ programs this year,

the Hazardous Waste Program and the Sanitary Waste Program. EM needed

information about hazardous and sanitary waste activities and

regulations throughout DOE to determine the scope of these programs,

establish program baselines, and develop program objectives and

strategies for accomplishing the objectives. MSL was asked to gather

this information for EM as part of our consensus research. MSL agreed

to review the relevant background materlals and prepare comprehensive

reports for the Hazardous and Sanitary Waste Programs so DOE could (1)

determine the types of information needed to establish these EM waste

programs, and (2) determine the availability and consistency of waste

information throughout the DOE complex. The background reports were to

serve as reference material in support of the strategic planning process

for program formulation.

The Hazardous Waste Background Report will be produced first due to the

availability of hazardous waste information and to better defined needs

for the report. It will serve as the model for the Sanitary Waste

Background Report. We're currently determining the types of information

DOE needs and identifying publications and reports as sources for the

needed information. The types of needed information are determined

through the report outline. As information is located in field reports,

it's placed in the outline of the document as a text section. Data

collection for the Hazardous Waste Background Report is expected to be

completed in the middle of October, and an initial draft should be

complete the first week of November.

In WMIS Conceptual Design, we provided a conceptual design for a Waste

Management Information System (WMIS) to support DOE waste management and

reporting requirements. One of the major ob6tacles for waste management

in DOE is the lack of a common set of waste data to support consensus
decisions. A common set of waste data does not exist because of the

various data formats and collection requirements imposed on local DOE

sites by state, regional, and other local authorities. To combine these

site numbers in various formats into national or complex-wide numbers

requires many assumptions and reduces the believability of these
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numbers. Different assumptions can lead to greatly different national

or complex-wlde numbers, causing SPA-reported numbers to be different

uhan DOE's own internal numbers. Until agreement is reached both within

DOE and between DOE and other regulatory agencies and the public about

the magnitude and types of wastes that must be managed, consensus about

DOE policies and programs will be difficult to achieve.

The WMIS system described in this conceptual design was a central

repository for the classes of information required to support consehsus

decisions for all waste management and operations activities, including

waste minimization, treatment, storage, and disposal. Waste management

decisions can be broken into two setsz a standard, routine set and a

non-routine, impromptu set. Non-routlne decisions can't be anticipated

and require special studies or data calls, with much concurrence review

and approval, to provide information to support consensus decisions.

Standard, routine decisions need data that can be collected and managed

in a common database to support consensus decisions. WMIS was designed

to fulfill standard, routine information requirements for all DOE

Orders, regulations, and EM-30 programs. By focusing on the routine

consensus decisions, EM managers can focus on the non-routine decisions

requiring different data.

In addition to setting information requirements for WMIS, this document

discussed issues affecting the ability of WMIS to support DOE waste

management and reporting, and recommended strategies for achievingWMIS

objectives.

Along with the report, we presented a briefing on the WMIS conceptual

design to field and HQ EM employees. The briefing discussed the

conceptual design and answered questions related to the WMIS

implementation methodology described in the report. This task was

completed in September 1991. No new activity on this task is

anticipated.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.
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FOURTH-YEAR PERFORMANCE REVIEW

The emphasis originally planned for year four is illustrated in Figure

2. New theories and concepts, frameworks and models, and consensus

process studies were slated to receive very heavy emphasis this year.

Also slated for emphasis were tests sites and consensus tools.

As indicated in last's year's progress review, because of the need to

capitalize on and benefit from historical events, we emphasized test

8ires and process studies sooner than planned. As a result, we needed

to simultaneously observe groups, gather data, and develop new

frameworks and models. Thls proverbial "cart-before-the-horse"

situation necessitated that we devote relatively more effort to the

fundamental 81de in year three. Again in year four, fundamental

research received considerable attention. Details are specified under

the accomplishments section later in this report.

From the figure we have extracted six effort areas and three research

domains we use for reporting research in this progress review. The six

effort areas are theory and concepts, test sites, consensus tools (for

methods, rules, and the guide}, frameworks and models, consensus

methods, and consensus process. Within the six effort areas there are

three research domains (fundamental, consensus process, and information

systems). We discuss accomplishments within the three domains later in
this section.

A number of specific fundamental research studies have been completed or

are nearing completion. Many of these play an important role in laying

the groundwork for more global studies. Regarding sequencing of our

efforts, the global confirmatory research (such as that culminating in

our structural modeling efforts or our consensus guide} will dominate

the later part of year four and year five of the grant. Year four marks

a time of increased activity in both the modeling and guidebook

activities, as will be described under accomplishments.

On the applied research side, consensus process studies focused on

developing conceptual models of the real-world environment. Conceptual

models of EM should identify key, programmatic variables and their

relationships. For instance, compliance with environmental regulations

and operating within the approved budget are two key, programmatic

objectives. A conceptual model (1) identified programmatic variables

related to these objectives and (2) related the variables of budget with

the variables of compliance. Another objective of the conceptual model
is to relate the results of the fundamental research on consensus to EMo

One result of fundamental research defines consensus as agreement of

most of those concerned. For example, consensus about the relative

priority of a list of environmental cleanup projects would be measured

by having different people or groups of people rank a given set of

projects in priority order. One ranking would then be equivalent to one

opinion. Consensus would be measured by comparing the rankings of

different people or groups of people. Conceptual models of EM

identified the variables, such as the relative priority of environmental

cleanup projects, about which we should measure consensus. These

conceptual models coupled with the results of fundamental research on
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consensus enabled us to develop collaborative consensus processes which

we observed and analyzed for lessons learned. Specific studies may be

organized as follows:

I. Fundamental Research

Theory and Concepts (exploratory)

(paradigm-oriented literature search, case

studies supporting a consensus paradigm,

frameworks and models, and more effort on

consensus gathering expertise)
Consensus Tools for...

Methods (specific confirmatory)

(refine instruments to measure consensus)

Rules (specific confirmatory)

(relate specific independent variables

affecting consensus methods and processes)

Guide (global confirmatory)

Frameworks and Models (exploratory)

(_aradigm development related to case studies)

II. Consensus Processes

Test Sites (specific confirmatory)

(routinize consensus group set-up)
Consensus Tools for...

Rules (specific confirmatory)

(relate environmental issues to the

consensus process)

Consensus Methods (exploratory and specific

confirmatory)

(evaluate selected methods in consensus groups)

Consensus Process (specific confirmatory and global

confirmatory)

(design and build tools based on results)

III. Information Systems

Test Sites (specific confirmatory)

(relate information sources to Five-Year Waste

Plan execution)

Consensus Tools for...

Rules (specific confirmatory)

(evaluate information flows for Five-Year

Waste Plan, consensus groups, and others)

Domain I for the fourth grant year was dedicated to: 1) conducting

formative studies on instruments, 2) collecting data using instruments

we've developed during the grant year and prior years, 3) developing

frameworks and models accommodating alternate approaches, 4) networking

to apply methods to targets of opportunity, 5) conducting integrative

studies on guides to facilitate consensus in consensus groups, 6)

developing rules for participation, 7) developing a contingency approach

for participation (captured in a guide for selecting tool alternatives),

8) integrative studies on methods to gain consensus within consensus

groups, 9) using scenarios in prototype situations, and 10) writing

papers and presentations for critical reviews.
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Within Domain I during the fourth grant year, we refined our definitions

of consensus-related variables. We improved our measurement strategies

and accumulated evidence for psychometric properties of consensus

measures. We expanded our literature search efforts and began work on

the consensus guide. We completed several fundamental research studies

related to group dynamics, group process, consensus techniques, and

consensus process. We began developing a structural model to test our

conceptual model. We developed rules for participation in consensus-

oriented decision-making. We also developed a contingency approach to

consensus-based planning. We refined our "contour map" for selecting

consensus tools.

Domain II for the fourth grant year was dedicated to: 1} developlng

conceptual models of EM and 2) conducting experiments in the real-world
environment of EM.

Within Domain II during the fourth grant year we conducted research in

the complex modeling of EM through our configuration studies. We also

continued to initiate and facilitate consensus groups in our consensus

process studies. This will enable us to continue to observe consensus-

in-actlon. Furthermore, we continued to develop and refine measures of

consensus. We refined and analyzed a questionnaire for use in consensus

groups, as well as worked with a clustering technique that graphically

portrays the convergence of indlvidual responses. In addition, we
continued to network for consensus.

Domain III for the fourth grant year was dedicated to: 1} improving our

working understanding of EM in the areas of information systems and

communications systems and 2) developing an EM action research
environment.

Within Domain III during the fourth grant year, we are bringing computer

hardware and software and communications equipment together to establlsh

our laboratory capability. In addition, we have examined the

effectiveness of information systems strategies such as the EM Booklet

and EM fact sheets.

Fundamental Research

Backqround

Interest in consensus is nothing new. In 1921, Park and Burgess (in

Scheff, 1984} wrote of consensus. Later, in 1958, Gross urged

sociologists to investigate the variable. Meanwhile, efforts to

understand consensus have expanded.

The literature on consensus reveals that research on the construct may

be divided into two categories: macro-consensus (related to the politlcJ

of society} and micro-consensus (related to individuals at the small-

group level). Within the first category fall sociologists Schelling,

Durkheim, and Dewey (Scheffe 1984). Within the second category, small

group research has proceeded on two fronts: those focusing on process
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(e.g., Hall, 1971) and those focusing on outcome or the state of

consensus (Dens & Orlger, 1987; Gentry, 1984; Rawlins, 1984). The

process view considers consensus as the effort toward agreement, while

the outcome view considers consensus a state of agreement following

group-process activities.

Although there are many definitions of consensus, a common thread is the

notion of agreement. In addition, some definitions include notions of

the influence of most group members (Kaprzyk & Fedrizzl, 1988}, the

influence of critical group members (Beck & Lin, 1983; DeStephen, 1983;

Holder, 1972; Price, 1972; Scheff, 1984), and expression of views and

acceptance of decision (English & English, 1958; TJosvold & Field, 1985;

Wood, 1985).

Some authors define consensus in terms of unanimous agreement (Forsyth,

1983; Hirokawa, 1984; Rawlins, 1984). In their view, if all parties

don't agree completely, there is no consensus. Other authors recognize

degrees of consensus (Kaprzyk & Fedrizzi, 1988; Price, 1972). We

believe there are degrees of consensus. We call this strength of
consen8u8.

As indicated in last year's progress report, our research efforts

defined consensus as a state wherein a common Judgment has been achieved

by most of those concerned. A judgment can be a decision or an opinion.

Consensus as an end-state i8 measured at the group level of analysis

when the interest i8 whether group members converged. Consensus 18

measured at the individual level of analysis when individual perceptions

of consensus are concerned.

Our fourth-year research yielded a number of results which, taken

together, bring us closer to understanding our paradigm or model

illustrated in the Thlrd-Year Progress Report in Figure 6. For example,

research reported below looks at the role of purpose, people,

participation, process, and products. Of course, any understanding of a

construct i8 a result of careful weaving of the "nomological net"

(Cronbach & Meehl, 1955). This network of theory building relies on the

accumulation of numerous investigations by numerous researchers before

we can safely assert that we understand the construct. So, relying only

on the studies reported here to understand consensus isn't enough. The

$ollowing accomplishments identify our efforts to make a contribution in

that regard.

Accomplishments

For fundamental research, we worked on nine studies during the fourth

grant year. We added one new study called personality variables and

consensus and completed three: consensus techniques, consensus

facilitators, and environmental trilogy.

In Consensus Library, we continued to expand the literature review and
retrieval efforts. The consensus literature review was divided into two

stages. In Stage One, the relevant disciplines were defined, key

journals were identified, and a list of key words were developed. In

Stage Two, relevant articles from the selected disciplines were
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identified and then reviewed by graduate students who were either

working on a thesis related to consensus or were hired to help with the

literature review.

Articles come from many sources. Graduate students generally find

articles through library research. We've searched the PscyhLit and

InfoTrac computerized data bases for relevant periodical articles.

We've searched the Virginia Tech Library System (VTLS) for relevant

books. We've also searched the tables of contents of relevant jourhals

for recent articles that don't show up in the computerized data bases.

The bibliographies from reviewed articles are good sources of other
relevant articles.

An electronic search was done in the Sociology, Psychology, Management

Science, and Political Science literature. Based on the results of this

search the following disciplines were added: Communications, Economics,

Public Policy, Computer Science, Education, and Engineering/Human

Factors. The primary journals in these discIpllnes were reviewed to

identify additional articles. UME, has searched for articles at the

Library of Congress. They have sent us abstracts (and many complete

articles}. We process and review the articles from abstracts we

consider relevant.

All people involved judge the relevance of articles. Graduate students

make a relevance Judgment when they decide which articles to review.

Research associates and graduate students who are more familiar with the

grant make relevance Judgments on what articles to acquire and review.

Several factors determine the relevance of an article_

Topic: Articles on topics central to the grant topic are more

relevant than topics tangential to the grant topic.

Journal Quality: Articles from refereed journals are more

relevant than articles from non-refereed journals. Articles from

academic journals tend to be more relevant than articles from

trade journals.

Agez In general, newer articles are more relevant than older

articles. The assumption here is that newer articles incorporate

the related research up to that date and may make modifications of

older work. The exceptions to this rule are seminal articles,

such as Janls' work on groupthlnk.

Author_ Articles from authors who are experts in the field are

more relevant than articles from other authors.

Graduate students are asked to review articles as part of their graduate

research assistantship work. Students pick articles to review from the

pool of articles generated by other graduate students, research

associates, and UME. At the start of their graduate studies, students

research a wide variety of topics. This allows students to find a topic

that interests them. Once students find a topic that interests them,

they focus their reviewing on that topic. This topic will evolve into

their thesis. One result of this process is that we have covered some
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thesis topics in greater depth than other topics. The principal

investigator and research associates attempt to assure coverage of

relevant areas by guiding and focusing graduate students in relevant

directions. The principal investigator and research associates also add

citations to the literature review database.

The goal of an article review is to summarize the information contained

in an article. Reviewing articles helps us critically evaluate

articles, draw conclusions from articles, and compare articles on the

same topic. The article review also makes it easier for people who

haven't read the complete article to get the information from that

article.

Interested parties can access articles using a local area network (LAN)

based computer database. This database lets people search for articles

by various fields including author, title, topic, and key word. Once

articles are identified, the article can be pulled from a file. This

database is a change from last year and replaced the PC-based system,

i .which had insufficient storage and a mainframe system which was obsolete

and retired from use. From the llst of possible titles from our various

searches identified on the previous pages:

- We have 475 tltles entered on our computerized system.

- Of the 475 entered titles, 68 are unreviewed.

- 35 abstracts await sorting, cataloguing, and reviewing.

- 80 additional titles are to be xeroxed, abstracted, sorted,

catalogued, and reviewed.

Literature relevance decisions for any particular article are ordinarily

made by more than one staff person to reduce the possible effects of

bias. We'll continue adding to our literature review database until the

end of the grant.

Three volumes will summarize our review of the body of knowledge on

consensus. The first, the literature review document, will summarize

our review of the scholarly literature relevant to consensus in group

decision making.

The second volume, the consensus guidebook, will be based on our

literature review and our consensus paradigm or conceptual model.

However the guide is a practical handbook for managers who work

with decision-maklng groups. While the focus of the guidebook

will be consensus, it will cover other aspects of group decision

making relevant to consensus groups. We'll develop the

recommendations found in the guidebook by reviewing three sources:

1) the group decision-making literature, 2) research on consensus

groups done at MSL, and 3) lessons learned from practical

experience with consensus groups. The guidebook will answer such

practical questions as:
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What types of people should I ask to participate in my

group?

How should I instruct my group to interact?

What's the right problem-solving technique for my group?

How can I reduce (or increase) conflict in my group?

How can I encourage an esprit de corps in my group?

How do different tasks affect the productivity of my group?

What changes can I expect in my group over time?

A third volume summarizes facilitation skills. This quick reference is

a condensed guide to what's known about facilitating consensus meetings.

Progress on these documents occurred during this grant year. These

documents will be complete by the end of the grant.

In Environmental Trilogy research, we developed a model for approaching

the environment. The model describes three perspectives for focusing

our environmental concerns: 1) technical, 2) Institutional, and 3)

cultural. The technical perspective concerns scientific principles,

laws of nature, and methods for implementing knowledge of those

principles in both preventive and remedial approaches. The

institutional perspective relates to regulations, laws of society, and

policies. The cultural perspective brings human concerns to bear on the

environment such as values, norms, traditions, beliefs, behaviors, and

attitudes.

Based on this trilogy concept, we initiated an effort to develop and

refine a holistic approach to managing the environment. The approach

begins by focusing on the holistic approach, discussing the approach,

and defining and modeling its components. Model discussion began with a

small group meeting discussing these issues in Blacksburg. Since then,

participants and others have studied issuQs, models, and perspectives

arising from the first meeting to prepare for an expanded meeting of

representatives of the environmental community. We believe this trilogy

concept can enable participants in environmentally-focused consensus

groups to understand and appreciate diverse models and perspectives.

During the fourth grant year, this activity was moved to another funding
source.

In Consensus Paradigm studies, the paradigm, illustrated in Figure 6,

portrays the elements we believe underlie an understanding of the

consensus construct. It will be recalled that the model incorporates a

precipitator (the general problem eliciting the problem-solving effort),

purpose (desired outcomes), people (individuals included in the group),

problem (task), participation (level of involvement of group members),

process (actual steps completed to obtain results), and products

(outcomes and outputs).

We have used this conceptual model or framework to design studies

reported in this section and have continued discussions concerning

necessary modifications of the model. At this writing, the paradigm is

a useful and potentially valid representation for understanding

consensus. Validity, of course, is not an all or none property, but
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rather a painstaking accumulation of evidence concerning the legitimacy

of the construct and Its hypothesized relationships.

In Consensus Acadee£c Plan, we have revised and expanded our plan for

i research examining the relationships between variables in our consensus

paradigm. We designed studies, targeting on-tlme completion by the last

grant year of student empirical research, staff empirical research, and

the consensus literature review and guide.

In Consensus Group Dynmalc8, the first pilot study and full study of the

role of experts was completed and reported for the third grant year. An

expanded follow-up study was conducted in the fourth grant year.

Thl8 research examined the effects of an expert on the small-group

consensus process. This fourth-year research differed from the previous

work in this study area in several ways. First, we looked at two types

of experts, subject and task. Second, we trained experts rather than

8electing people with natural expertise. Third, we increased the sample

81ze significantly from 21 to 77 groups. Fourth, we added questions

measuring information sharing for an exploratory analysis. Finally, we

discarded questions measuring the use of expert power and leadership

emergence.

The dependent variables for this study were group decision quality,

opportunity to express views, and strength of consensus. We define

decision quality as the closeness of the group's ranking to the ranking

developed by NASA experts. "Closeness" was operatlonally defined as the

sum of the absolute differences between the group ranking and the

correct ranking determined by NASA experts. Higher correlations between

expert rankings and subjects' rankings indicate higher quality.

We operationally defined opportunity to express views as group members'

perceptions that they had a chance to express their views, and thau

these views were listened to, understood, and considered by other group

members. Opportunity to express views was measured using a post-task

questionnaire. We operationally defined strength of consensus using two

methods. The first method was a strength-of-consensus post-task

questionnaire addressing acceptance of, agreement with, and commitment

to the group decision by group members. The questionnaire measures two

aspects of consensus: individual agreement, acceptance, and commitment;

and perceptions of the group's agreement, acceptance and commitment. We

refer to the first aspect as individual consensus and the second aspect

as perceptions of group consensus. We refer to thl8 measure of

consensus as the questionnaire measure. For all questionnaire measures,

we averaged individual ratings to get group measures. The second method

of assessing strength of consensus is a 8tatistlcal measure of the

closeness of individual rankings (Kendall.'8 coefficient of concordance).
We refer to this measure of consensus as the concordance measure. This

measure was used to investigate the validity of the questionnaire

measure.

The independent variable for this study was the presence of an expert

and his or her type of expertise. We looked at two types of experts,

subject and task and compared them to a control group.
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The following paragraph describes the specific hypotheses we tested.

The first three hypotheses explore the relationships between

dependent variables. Hypothesis 4 is a broad hypothesis allowing us

to explore the effects of an expert on the dependent variables_

HI: The higher group members' perceptions of the opportunity to

express their views, the stronger the individual consensus.

H2: The higher group members' perceptions of the opportunity to

express their views, the stronger the perceptions of group consensus.

H3: The higher the individual consensus, the higher the

perceptions of group consensus.

H4z The presence of an expert and his or her type of

expertise affects decision quality, perceptions of opportunity

to express views, individual consensus, and perceptions of

group consensus.

The experts were drawn from an introductory _ociology course. Non-

experts were selected from an introductory psychology course. All

groups thus consist of one sociology student (with subject training,

task training, or no training} and three psychology students. This pool

of people had no special knowledge about the moon or experience with
survival exercises.

Expert training occurred approximately one week before the experimental

session. Experts in all three conditions were instructed not to reveal

they were from a sociology class and had participated in an instruction

session before the experiment.

We ran 77 groups of four people for a total of 308 individual subjects.

77 were sociology students; 231 were psychology students. Due to

attrition of experts between the training and the experimental session,

we ended up with 24 subject-expert groups, 27 task-expert groups, and 26

control groups.

In addition, we divided seventy-seven groups into three conditions based

on the training of an expert placed into a group of four people.

Experts were randomly assigned to a condition for training. Within

condition, experts were randomly assigned to groups. Non-expert

subjects were a18o randomly assigned to groups. The three conditions
are described next.

Condition Iz Subject Export: In this condition, experts were

trained in knowledge on the moon and physics. Subjects were given

a pre-test, a lecture, and a post-test. The test covered moon and

physics knowledge relevant to the Lost on the Moon exercise.

Condition 2_ Task Expertz In this condition, experts were trained

in survival exercises. Experts solved two survival exercises (the

Desert and Arctic survival exercises} Individually and in groups.

...... , ,, _, , iml
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The trainer discussed with the experts the correct rankings and

the rationale for each ranking.

Condition 3z Controlz In this condition, experts were given no

training.

To analyze the data, we used descriptive and inferential statistics.

We calculated a decision quality score for each group by computing the

sum of the absolute differences between the group's ranking of each item

and NASA's ranking. We used two measures of consensus in this study.

The first measure (the questionnaire measure} was a questionnaire

addressing acceptance of, agreement with, and commitment to the group's

decision. The questionnaire measured both Indivldual consensus and

individual perceptions of the group's consensus. The second measure of

consensus (the concordance measure} was Kendall's coefficient of

concordance computed for the five second (post-dlscusslon) ranklngs for

each group. This statistic is a measure of the closeness of the final

individual ranks.

To test our hypotheses, we used a group level of analysis. While this

reduced the statistical power of our tests, we believe it gave a more

accurate description of what happens in consensus groups. We were

interested in group consensus and group decision quality, not individual

agreement and individual decision quality. Our sample size was the

number of groups (n = 77}. We tested H1, H2, and H3 by computing

Pearson's product-moment correlatlon coefficients between the dependent

variables of the study. We tested H4 by performing a Multivariate

Analysis of Variance (MANOVA) with one, between-subjects, three-level

independent variable (presence and type of expert} and four dependent

variables (decision quality, perceptions of the opportunity to express

views, Indivldual consensus, and perceptions of group consensus}.

Because this test revealed a significant effect on the dependent

variables, we performed one-way Analysis of Variance (ANOVAs) to

determine the source of the significant MANOVA effects.

This section summarizes the results of our data analysis. The first

part shows the results of a reliability analysis on the six scales of

the questionnaire. The second part shows the results of the hypotheses

testing.

We assessed the reliability of the three scales we used on the

questionnaire. We used the individual level of analysis to assess

reliability because individuals responded to the questionnaire. The

sample size for this analysis was 308. The perceptions of opportunity

to express views scale had six items. The individual consensus scale

had eight items. The perceptions of group consensus scale had four

items. The information sharing scale had twelve items. Cronbach's

alphas are reported below. Reliability for the first three scales was

acceptable. The reliability for the information sharing scale was low.

........ ii p , .... ri r II 'rl III PI r
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Scale alpha

Individual Consensus .88

Group Consensus .73

Expression of Views .85

Information Sharing .52

Thlg section describes the results of our hypotheses testing. For each

hypothesis, we rep¢_at the hypothesis and the associated statistical

test. We then describe the results of the test. Our sample size for

the tests was 77 (27 subject expert groups, 26 task expert groups, and

24 control groups) l_ecause we used group measures.

Hypothesis 1 stated that the higher group members' perceptions of the

opportunity to express their views, the stronger the individual

consensus. The Pear_)on product-moment correlation supported this

hypothesis (r = .68, p < .001).

Hypothesis 2 stated that the higher group members' perceptions of the

opportunity to expres_ their views, the stronger the perceptions of

group consensus. The Pearson product-moment correlation supported the

hypothesis (r = .72, _)< .001}.

Hypothesis 3 stated that the higher the individual consensus, the higher

the perceptions of group consensus. The Pearson product-moment

correlation supported the hypothesis (r = .80, p < .001).

Hypothesis 4 stated that the presence of an expert and his or her type

of expertise affects decision quality, perceptions of opportunity to

express views, individual consensus, and perceptions of group consensus.
A MANOVA was conducted to uncover differences in three conditions on

individual consensus, perceptions of group consensus, perceptions of

opportunity to express views, and group decision quality. Results

revealed significant MANOVA effects.

One-way ANOVA'B were conducted to determine the location of the MANOVA

effects. No significant effect was revealed for individual consensus,

perceptions of group consensus, perceptions of opportunity to express

views (p • .05). ANOVA results were significant for the expertise

manipulation on group decision quality (F = 7.54, p <.01).

Preliminary analyses showed subject-expert groups had the best decision

quality. There were no significant differences between task expert-

groups and control group.

Cond N Mea____nn SD

Subject 27 23.56.34
Task 26 31.0 10.21

Control 24 31.17.41

This concludes the results to date from the experts study. We are

continuing our analysis of this study and will report additional

findings in year five.
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Also begun during the fourth grant year, but incomplete at report time,

is a structural equations modeling of the effects of the presence of two

types of experts and personality variables on consensus outcomes. This

work Is illustrated in Figure 8.

The figure portrays our a priori representation of the structural model.

As the figure illustrates, we'll examine whether group characteristics

(such as the presence of a task or subject expert} affects information

sharing, opportunity to express views, individual consensus, group

consensus, and decision quality. The group characteristic variables and

individual difference variables are exogenous variables, while

information sharing, opportunity to express views, individual consensus,

group consensus, and decision quality are endogenous variables. We

hypothesize that the exogenous variables affect all or some of the

endogenous variables. We hypothesize that endogenous variables are

affected by at least one other variable. Each arrow is an hypothesized
effect of one variable on another. An estimate of each effect will be

computed. The particular model is called a block recursive model. It's

a block model because no hypothesis is proposed regarding a directional

arrow between Individual Consensus (IC} and Group Consensus (GC). It's

recursive because hypothesized effects are unidirectional. In other

words, the relationship between these _ariable8 is, at present,

hypothesized to be correlational. Th_ model reflects the ideal in that

all variables are seen as leading to decision quality. That i8, our

major interest in consensus, expression of views, and information

sharing is our hypothesis that these variables affect decision quality.

The analysis will provide us with direct, indirect, and total effects of

each variable relative to decision quality and to each other. Using a

Chi-square test for goodness of fit, we will test the fit of the data to
the model. The coefficient of determination, R2, will measure the

variance in decision quality explained by the other variables in the

model.
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Thl8 work will continue into the remainder of the grant year and the

results will be reported in our final annual report.

In Consensus Techniques, our efforts at this juncture involve two

directions. The first direction i8 developing a contour map to help

managers select consensus techniques. Last year, we reported that we're

developing a contour map to help managers select appropriate consensus-

related techniques to use in their groups. We are continuing our work

on the contour map.

The second direction relates to establishing strategies people can use

to enhance consensus. Specifically, we've focused this line of research

on how to use expectancies within a group process context. We'll
describe thl8 research next.

Expectancies are subjective beliefs about the probability of some future

occurrence or outcome. Research has shown that expectancies predict

motivation (Vroom, 1964), behaviors (Prothero and Beach, 1984; Crawford,

Thomas & Fink, 1980; Eden, 1984; Eden, 19881 Eden & Raved, 1982;

Rosenthal & Jacobson, 1968). Rosenthal (1966) describes the effect of

what's called self-fulfilling prophesy: "One prophesize8 an event and

the expectation of the event then changes the behavior of the prophet in

such a way as to m_ke the prophesied event more likely" (p. 129). The
Pygmalion effect occurs when an individual's expectations for another

become reality. In a complex set of interactions a person may convey

expectations to the doer and shape the doer's responses. The

expectation thus becomes more likely to happen. The Galatea effect

occurs when an individual's changing expectancies result in one's own

changed behavior. These two effects are important because they

illustrate the importance of recognizing cognitive processes and

developing techniques to deal with them. Researchers have also

demonstrated that meeting expectations about work environment factors

(Porter & Steers, 1973; Ross & Zander, 1957; Telly, French, & Scott,

1971) and job content factors (Lyons, 1971; Ro88 & Zander, 1957, Porter

& Steers, 1973} leads to changes in job satisfaction and turnover. Work

on procedural versus distributive justice (Folger & Knovsky, 1989; Lind

& Tyler, 1988; Tyler, Rasinski & McGraw, 1985) illustrate some important

points related to such expectations. The first point i8 that people

have expectations about the outcomes they receive and these expectations

can affect perceptions of the work context. The second point i8 that

the process (or procedures} by which distrlbution-related decisions are

made may be vitally important to meeting expectations.

By analogy, one might suggest that people have product and process

expectations about consensus meetings. Accordingly, meeting

expectations regarding consensus process (i.e., expectations for having

the opportunity to express one's opinions or expectations about the

degree of conflict within a group} may affect individuals' perceptions

of consensus. Similarly, meeting expectations about consensus outcome_

(e.g., decision quality) may influence individuals' perceptions of

decision quality and other consensus outcomes.



95

If these suppositions are correct, then techniques enabling people to

meet expectations in the work place ought to have positive effects in

consensus-gaining groupq.

The following hypotheses were examined:

1) Met expression of views and decision-quality expectations,

along with their associated valences, w£ii be a significant

predictor of strength of consensus.

2) The higher the degree of met expectations about expressions

of views, the stronger the consensus.

3) The higher the degree of met expectations about decision

quality, the stronger the consensus.

4) Meeting decision-quality expectations will have a stronger

effect on strength of consensus than meeting expresslon-of-

views-expectations.

The origlnal model regressed strength of consensus on the followlng

variables:

- Met expectations about expression of views

- Met expectations about decision quality

- Valence associated with expression of views expectations

- Valence associated with decision quality expectations

- Expression of views product sum

- Decision quality product sum

Preliminary data analyses indicated multi-collinearity among the

predictors. In other words, high correlations were observed among the

predictor variables. This i8 undesirable. A ridge regression analysis

indicated no single predictor variable was significant. To overcome

the multi-collinearity problem, a new model was developed. Two

predictor variables were used: 1) the expression-of-views product sum,

which is the sum of the products of the expression-of-views expectations

times their respective valences, and 2) the decision quality product

sum, which is the sum of the indlvldual products of the decision quality

expectations multiplied by their respective valences.

Strength of consensus was regressed on the expression-of-vlew8 product

sum and decision quality product sum. The variance of consensus

explained by the new model was .136 (adjusted-.117). The standardized

estimate or Beta weights for the expression of views product sum and

decision quality product 8um were .215 (p-.05) and .215 (p-.O5).

Hypothesis 1 predicted that expression of views and decision quality

expectations and their associated valences would significantly predict

individual and group consensus. Hypothesis 1 was confirmed for

individual consensus. R2 was .I01 for individual consensus (p=.007) and

.114 (p=.003) for group consensus. Hypothesis 2 was supported when

group consensus was the dependent variable (p=.04). Hypothesis 3 was



96

rejected. Hypothesis 4 could not be tested because neither of the

predictor variables slgniflcantly predicted the dependent measures.

If the results can be replicated, they will have several implications

for researchers and managers. For researchersr the results suggest it

may not be possible to separate expresslon-of-vlews expectations and

decision quality expectations from their associated valences. For

managers, meeting group member expectations may have positive effects on
consensus outcomes.

Some additional exploratory work was conducted under this otudy

classification. Analyses assessed the relationship between the number

of verbalizations each group member made and consensus, met expressions-

of-views expectations, and met decision quality expectations. No

significant correlations were revealed.

In a separate consensus techniques project (Walsh & Kurstedt 1991), we

researched and developed guidelines for consultative and participative

groups. Based on situational leadership theories and following Vroom &

¥etton (1973), the guidelines explain the situations when group-decision

making is appropriate and how managers can increase participation should

that be desirable. Group decision making should be used when the

followlng situational variables exist:

- The problem is ambiguous (Wynn & Gudltus, 1984; Vroom & Yetton,

1973; Yukl, 1989;}

- The problem requires generation of multiple alternatives

(Bradford, 1984);

- The problem isn't covered by any current policies (Wynn &

Gudltus, 1984);

- The benefits are worth the group's time (Wynn & Gudltus, 1984);

- The decision doesn't require any severe time pressure (Vroom &

Yetton, 1973; Wynn & Guditus, 1984);

- The manager wants to offer subordinates professional development

and practice at divergent thinking (Wynn & Gudltus, 1984);

- The manager does not have the necessary expertise or information

Bradford, 1984; Vroom & Yetton, 1973; Yukl, 1989);

- Subordinates have valuable information or expertise (Wynn &

Guditus, 1984);

- Subordinates are affected by the decision (Vroom & Yetton, 1973;

Wynn & Guditus, 1984).

Once the manager decides to use a group approach to decision making, she

or he must decide whether to use a consultative or participative

approach. That decision rests on a number of situational factors. A

manager should use a consultative group approach when=

- The decision quality is important, yet the benefits are not

worth the extra time for a participative group (Bradford, 1984);

- Subordinates do not have the same goals as the organization

(Bradford, 1984);

- The manager is not willing to accept the risk of sharing with

the group the responsibility for making the decision (Wynn &

Guditus, 1984); and

- The manager needs to remain in control (Wynn & Gudltus, 1984).
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On the other hand, a participative group approach is appropriate whenz

- Subordinates are necessary for implementation and their support

and commitment are imperative (Wynn & Gudltus, 1984);

- Creative or divergent thinking is imperative (Wynn & Guditus,

1984);

- An integrative, hlgh-quality decision is necessary (Wynn &

Guditus, 1984);

- Subordinates have adequate maturity levels and share

organizational goals (Yukl, 1989};

- The manager wants to generate trust with the subordinates (Wynn

& Guditus, 1984).

No further work is planned under this study during the remainder of the

grant year.

In Consensus Facilitator studies, we investigate strategies facilitators

may use to foster consensus outcomes of achieved consensus (actual and

perceived) and decision quality. In consensus facilitators, we

completed a pilot study and a full study of the effects of collaborative

versus competitive conflict on consensus. The pilot study assured the

adequacy of the manipulation and experimental materials. The results of

the full study are reported below.

The main data collection phase investigated the effects of group and

individual incentive structures on the development of collaborative

versus competitive conflict and the effects of incentive structures and

conflict styles on consensus outcomes (actual and perceived decision

quality). Half "he subjects were in competitive (individual) incentive

structure groups and half were in collaborative (group} incentive

structure groups.

One hundred-twenty subjects in thirty groups of four viewed the

beginning of the movie, Twelve Angry Hen. During the movie segment, the

jurors are close to agreement on a verdict. Eleven jurors have voted

"guilty," but one has noted "not guilty." After 35 minutes and

additional deliberation, a second vote is taken. Subjects were asked to

predict the sequence in which the jurors changed their votes from

"guilty" to "not guilty."

Analyses were conducted as follows. A manipulation check for the effect

of individual versus group incentive structure on collaborative conflict

and competitive conflict was significant (F-5.72, p=.018 and F-11.73,

p=.O001, respectively}. Responses to the competitive conflict items

were not related to actual consensus, but were related to perceived

consensus (r--47, pc.0001) and perceived decision quality (r--.39,

p-.0001). Similarly, collaborative conflict responses were not related

to actual consensus, but'were related to perceived consensus (r=.54,

pc.0001) and perceived decision quality (r_.66, p-.O001).

Individual versus group incentives had no effect on actual consensus,

but did influence perceived consensus (F=24.28, p-.0001 and perceived

decision quality (F=23.18, pc.0001).
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The study also assessed possible gender effects on consensus outcomes

and the possible interaction of _ender with incentive structure.

Results indicated that significant gender effects occurred for

perceptions of collaboration, but not for other measures.

So far, with the exception of the actual consensus measure, we've talked

primarily of perceptions. A behavioral analysis was conducted to

determine whether there was a relationship between people's perceptions

of the group process and their actual verbal behaviors. During the

experiment, proctors logged the quantity of all group members' verbal

behaviors. Behaviors were classifled according to task questions,

shared task information, and off-task verbal behavior. Results revealed

the difference in amount of verbal behavior due to gender was

insignificant. However, incentive structure did contribute to the

amount of verbal behavior. Groups using competitive confllct had more

verbal behavior than groups using collaboratlve strategies.

Results also revealed that groups exposed to group incentives took ten

minutes less than their indlvldual-lncentive counterparts in making the

decision. When length of group p_ocess (time), the average score on the

competitive questionnaire, and the average score of the collaborative

questionnaire were used to predict several criteria (qualities of task

questions, task-related information, and off-task behaviors), only time

was a significant predictor. In addition, results suggest that the

quantity of people's verbal behaviors i8 related to perceptions they

have influenced the group in a consensus task (p=.01).

The Implications of these findings are 1) group incentives lead to

collaboration, while indivldual incentives lead to competitive conflict,

2) collaborative conflict yields an enhanced perception of decision

quality and perceived consensus, while competitive conflict diminishes

perceptions of decision quality and consensus. None of the predictor

variables appeared to be related to the actual consensus (agreement)

measure. This study has been completed.

In Personality Variables and C4_nsensus, preliminary work was begun early

in year four. The focus of this line of research pertains to the effect
of an individual's influence in the decisions of others. In particular,

we're looking at the effect of certain personality traits on

individuals' perceptions of consensus. First, participants completed

the Personality Research Form. Using a Lost-on-the Moon exercise,

groups of four came to consensus on the correct answer for the moon

task. Analyses are under way for this study and will be complete by the

end of the fifth grant year. Follow-up studies will be completed in the

fifth year of the grant.

Presentations and Papers are included in Volume If, Papers,

Presentations, and Conferences.
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Consensus Process Studies

Backaround

The primary focus of our efforts in year four was on consensus process

studies to (1) develop conceptual models of EM and (2) conduct studies

in the real-world environment of EM. In addition, we established and

maintained working relationships with the managers and staff in EM.'

In establishing working relationships, we continued to be involved in EM

programmatic activities such as the five-year plan and strategic

planning activities. These activities kept our managers involved in the

EM program and its changing culture. During year four, we continued to

initiate and facilitate consensus groups. We participated in the

stakeholders forum for EM, the State and Tribal Government Working Group

(STGWG), and the EM program managers' meetings. These groups offered

excellent opportunities for us to establish working relationships with

the critical EM consensus personnel and enabled us to measure various

aspects of consensus.

In addition to measuring variables in consensus group meetings, we

performed an historical, qualitative analysis of the data available

surrounding the STGWG and the flve-year plan.

We're developind a survey method to measure consensus on key,

programmatic variables involved in EM's interactions with the general

public. Two forums may help us gain visibility of key, programmatic

variables. First, EM must respond in writing to questions submitted by

the public. We'll poll those members of the public who submitted

questions to EM. At various levels in EM and for various activities such

as the programmatic environmental impact statement process, EM is

required to hold public hearings. During the remainder of the grant

period, we'll investigate methods for measuring key, programmatic

variables in or as a result of these types of public hearings.

Accomplishments

The major focus of the consensus processes domain in year four was to

design and conduct real-world tests of conceptual models of EM. For

consensus process, we worked on nine studies during the fourth grant

year. We added five new studies called: EM complex modeling, EM-40

strategy retreat, transportation analysis, consensus measurement, and EM

exhibit. We completed two studies during this grant year called EM-40

strategy retreat and transportation analysis.

In Management Analysis and Networking, we continued to carefully observe

DOE's progress in communicating and promulgating its new culture. We've

observed Headquarters, Field Office, Contractor, and off-slte

participants changes. Culture is an important variable which can affect

consensus. As a result, our understanding of the cultural drivers

within DOE becomes important to our understanding of consensus. This

study will be completed in year four.



100

In Consensus Meetings, we continue to study and interact with consensus

groups and assess consensus. We continue to develop and apply consensus

instruments in the real world of EM to generate data to complement the

fundamental research activities, and to analyze and interpret data. To

help support these measurement and analysis functions, we're developing

an environment that simulates the information in the EM world

realistlcally enough to enable us to generalize research results. We've

begun a survey of members of the public who've submitted questions to

determine the effectiveness of the responses provided. By the end of

grant year four, a change in priorities caused this study to be
discontinued.

One area of consensus meeting research has been the Stakeholders' Forum.

We gained valuable data on inter-group consensus. As indicated in the

year-three section, we helped participants elicit and gather comments

and developed a report based on these comments. During year four, we

worked on completing the computer analysis of the collected data.

Unfortunately, because of the newness of Stakeholders' Forum, long-term

results aren't yet available. However, we are developing a set of

analytic tools and methodologies which will enable us to glean some

statistical inferences from the existing data sets.

As a result of funding reprioritizing, we planned only to observe and

measure the Spring 1992 Stakeholders' Forum and implement the new

questionnaire on the consensus group for the first time. This

questionnaire was designed to conduct exploratory research into the

relationship between the process components of the meeting and the

opinions about DOE. The questionnaire has a reference question (with

known results from a national survey} which can be used with Bayesian

Methods to estimate the frequency of the responses to the questions.

The design of the new questionnaire was based on the results of the

study of the State and Tribal Government Working Group (STGWG) meetings.

During year four we continued the analysis of STGWG by using a

questionnaire consisting of 16 questions (six on general meeting, six on

executive session, four on opinion of DOE). The data analysis revealed

that the executive session questions provided redundant information and

did not need to be used in future questionnalres. In our Judgment, the

remaining 10 questions fit into four categoriesz 1) consideration -

were participants' opinions given a fair hearing, 2) met expectations -

were the goals of the meeting reached, 3) process - satisfaction with

the way the meeting was conducted, and 4) DOE trust - how much did

participants believe DOE. The answers in each category were found to be

so closely related that the average was the best measure for that

category's answer.

A8 a result of funding reprioritizing, we're planning only to observe

and collect data on the Fall 1992 STGWG meeting. During thl8 meeting

we'll gain our second set of data input using our recently developed

questionnaires. We'll continue to develop and refine the analytical

computer models to perform the detailed statistical analysis necessary

to detect continued changes in the consensus variables.
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Resulting from a new funding vehicle, the Stakeholder and STGWG research

was moved to another funding source in June 1992. No further results

will be reported.

A new research effort under consensus meetings involves ER Technology

Information Exchange (TIE} Workshops. This new activity has been added

to our grant scope for the second half of year four. We've been asked

to research ways to improve DOE's technological information exchange

effectiveness. Specifically, thl8 included researching ways to improve
internal communication within the Office of Environmental Restoration

(ER) and between ER and EM's Office of Waste Operations and Office of

Technology Development. Our laboratory participated in a Headquarters

and Field Area Technology Representatives (HATR/FATR) Steering Group.

As a participant, we helped the HATR/FATR Steering Group to research,

design, develop, and facilitate technology information exchange (TIE)

workshops. The purpose of the TIE workshops is contained in their theme,

"Using Today's Technologies Better." The workshops provide a "hands on"

nlte-wide technical exchange of information b&tween participants to

continue an ongoing process of site-to-site communications and sharing

of lessons learned among ER field personnel. That i8, their purpose i8

to create and strengthen "TIE's" among sites.

During the remainder of year four, we helped the HATR/FATR Steering

Group to research, design, develop, and facilitate the second TIE

workshop scheduled for May 19-21, in Albuquerque, New Mexico. As

facilitators and observers of the TIE workshop, we were able to gather

data on intra-group (within DOE) consensus building. Following the

workshop, we assisted the HATR/FATR Steering Group with the research and

development of a proceedings of the workshop to continue information

exchange among the sites.

The application of the TIE concepts we've developed has been expanded to

include the Office of Technology Development (OTD) Technical Program

Managers' (TPM) Steering Group. This group is in the process of

developing TIE concept workshops focused on improving the exchange of

information among OTD managers and field personnel.

Another meeting process research effort is Waste Operations ResOurce

Allocation Support System National Workshops (RASS). Funding for

extensive MSL involvement in the research and analysis of consensus

groups has only been allocated for research on the effectiveness of the

Waste Operations Resource Allocation Support System National Workshops

(RASS). We actively participated in the design, testing, evaluation, and

feedback of the development of these workshops and consensus group

meetings.

All of these consensus meetings provide a real-world opportunity to test

and validate our EM conceptual models.

In Networking for Consensus, United Minerals and Energy, Inc. (UME)

conducted extensive research into Consensus Management in support of

thl8 grant. These activities were performed under a subcontract to

Virginia Tech. In summary, UME conducted extensive research on
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consensus management literature, Including approximately 1,750 books,

Journals, speeches, articles, and other documents. From this literature

search, approximately 125 were determined to be relevant to our research

and accordingly, short abstracts were prepared and forwarded to MSL.

These will be included in the bibliography of the final report.

We carefully reviewed and assessed various Department of Energy (DOE)

waste management policies, procedures, and programs that are currently

utilizing outside interest groups for oversight, feedback, and

recommendations. The efforts of these groups are documented to

determine the extent to which these groups are affecting the

Department's directions. Specific groups Include the State and Tribal

Government Working Group (STGWG), Stakeholder, and others.

We reviewed many of the previously prepared draft documents and case

histories for potential inclusion into the consensus management final

project. We participated in various meetings with staff from MSL to

scope the final report.

During the remainder of the grant year, we continued the comprehensive

literature search for relevant books, Journals, articles, and other

documents on consensus management for the bibliography of the final

report.

We planned to continue reviewing, evaluatlng, and refining previously

drafted documents including consensus management case histories for

inclusion in the final report. We conducted further analysls and

assessment of DOE policies and programs that are currently utilizing

outside focus groups for feedback, evaluation, and recommendations. This

includes the documentation of the State and Tribal Government Working

Group (STGWG).

In EM Complex Modeling, EM has established the goal of cleaning up the

current inventory of inactive and surplus facilities by the year 2019.

The size and complexity of the clean-up problem is staggering. EM-30

has initiated the Configuration Study, an important element in meeting

EM'8 30-year cleanup goal. The study intended to answer the question:

"What treatment, storage, and disposal facilities (TSD) will be needed,

when will they be needed, and where should they be located to process

DOE waste over the next 30 years?" There are many important criteria

including cost, waste volumes, treatment and dlsposal technologies used,

regulatory issues, and many more. In this project, we helped EM

formulate the problem and develop solution methods.

Neither the problem nor the solution methods are clearly defined. So,

EM managers will have to formulate strategies to achieve the clean-up

goals that are based on assumptions and "Best guesses". Further, these

strategies must withstand intense publlc and regulatory scrutiny. Mason

and Mitroff in Challen0ina Strateqi_ _ann_nq Assumptions statez

"... complex problems depend on assumptions because it is not

humanly possible to know everything of /mportance about a problem

of organized complexity prior to the taking of action.
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Host policymakers are unaware of the fact that much of their

action rests on assumptions and, moreover, they are unaware of the

particular set of assumptions they hold.

Problems of organized complexity ... are ongoing, ill-structured,

and generally wicked. The choice of individual courses of action

is only a part of the manager's or policymaker's need. Nore

important is the need to achieve insight into the nature of the

complexity and to formulate concepts and world views for coping

with it. It is the policymaker's thinking process and his or her

mind that needs to be supported."

EM managers are developing and using models (which are incomplete) of

the EM facilities and processes to guide declsion-maklng. These models

can't be used to achieve consensus on strategies, since assumptions are

hidden, possibly even from the EM managers. Unless EM managers can

achieve consensus with the public and regulatory agencies about their

strategies, the strategies can't be implemented and won't be effective.

To improve their ability to build effective strategies and make

decisions, models must reflect the global problems facing the managers.

Further, formalization of these models will allow managers to explicitly

analyze the underlying assumptions and bases so they can be improved and

made visible to those with whom EM must achieve consensus. EM Modeling

Study includes projects aimed at:

1) establishing the need for specific models,

2) identifying and analyzing existing models, and

3) buildlng new models.

We established a review panel with expertise in management, public

outreach, consensus processes, operations research, systems analysis,

and environmental science. The focus was on problem formulation. The

review panel worked with DOE managers to define the problem and the

solution criteria. Second, ESL researchers worked with EM-30 managers

to develop a model of the EM Complex capable of the needed analysis

based on the problem formulation developed by the review panel. This

model was demonstrated to EM managers in trying out different EM Complex

configurations, surfacing and testing assumptions, and making these

assumptions and findings available to the public and to DOE oversight

groups.

In the EM-40 Strategy Retreat, we drew from our University resources and

teamed with the Virginia Quality & Productivity Center under the

direction of Dr. D. Scott Sink. The strategy retreat was an excellent

opportunity for us to gain a deep understanding of the inter- and intra-

office strategic issues confronting EM-40. We interviewed numerous EM-

40 managers to understand their strategic roles in EM-40's process

improvement, organizational goals, and operations. We then facilitated

the retreat based on these interviews to determine if we could improve

and expedite consensus among these managers on these volatile issues. A

report of output was produced by the Virginia Quality & Productivity

Center describing the results of the retreat. This study was begun,

completed, and closed in year four.
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In thiD EM Exh£b£t study, in order to provide information to the public

about its cleanup programs, DOE's Office of Environmental Restoration

and Waste Management (EM) created an interpersonal outreach tool--an

exhibit booth which is presented at over 40 scientific, environmental,

education, and general conferences every year throughout the country.

The exhibit informs the public about EM activities in three program

crease environmental restoration, waste management, and technology

development. Thousands of people, including educators, civic and

community leaders, state and tribal leaders, technical and industry'

professionals, interest groups, and the general public visit the booth.

People knowledgeable about EM programs staff the exhibit, which features

maps, photographs, interactive computer screens, and handouts.

As part of our communication studies, MSL evaluated the EM Exhibit

audiences while researching ways to improve the design of the exhibit.

We proposed a modular approach, where the booth layout would change

depending on the audience. The selection criteria DOE used for exhibit

sites included size of organization for event (1,000 or more unless

envlronment/publlc), meeting frequency and size, exhibit h&ll

restrictions, and cost (registration fee, exhibitors' fee, travel). We

concluded some of th_ organizations would be more interested in the

public involvement aspects of the cleanup effort, others would focus on

the technical details or DOE's organizational structure, and educators

would want information they could use in the classroom.

Our goal was to design several distinct modules for the booth that would

change depending on the f0cuz of the particular audience. The "public"
modules would focus on environmental laws and citizen involvement in the

program. The "education" modules would provide information that could

be shared with students. The "technical" modules would provide more

detailed descriptions of cleanup processes, and the "organization"

modules would describe relevant DOE offices and programs.

We surveyed audiences at three exhibit locations to determine their

knowledge of and interest in various aspects of the DOE environmental

management program.

In the Transportation &nalysis study, we applled one of our measures of

consensus effectiveness to a meeting of local governments. Eighteen

local government officials and four DOE officials met under our design

of a consensus facilitation workshop. They discussed issues ranging

from local government incident authority, to outreach programs, to

federal s_pport for developing more cost effective public notification.

We designed the consensus processes used in this workshop and measured

the effectiveness of the elementary consensus variables we've developed

thus far. The participants unanimously agreed that this type of

workshop is an excellent way for DOE to exchange information, concerns,

and ideals with local governments. This study was begun, completed, and

closed in year four.

In Consensus Measurement, we focused on development of consensus

measurement tools. We've developed a survey which we've pilot-tested

and modified. (Please see the Consensus Meetings section). We have
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analyzed the data using descriptive statistics to describe prevailing

opinion of group members.

We're investigating cluster analysis and multl-dlmenslonal scaling as

possible methods for assessing consensus. We delivered and calibrated a

consensus metric for use in group decision contexts. We'll describe

more of this effort in year five.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.



Information Systems Studies

Backaround

In the past, we used the Information Systems Studies to develop

relationships with DOE employees at HQ and in the field and to study the

types and amounts of data and information available in EM and its
environment. We wanted to look at what data and information was

available, its accuracy, timeliness, consistency, and accessibility by

EM and people external to EM. These variables of data and information

affect the ability of EM to achieve consensus within EM and with groups

external to EM. In many cases, as we analyzed EM data, we made

recommendations of changes to be made by EM to resolve deficiencies

resulting from missing, inconsistent, or inaccessible data and

information. In some cases we produced reports to resolve data

deficiencies for EM.

In addition to maintaining working relationships and studying EM's data

and information environment, we've begun to focus on developing an EM

research environment. The goal of the EM laboratory environment is to

develop information in our laboratory that slmulatesthe information Ln

the real-world EM realistically enough to enable us to generalize

results to the real-world of EM.

In year four, we've begun to use fundamental and co_isensus process

research to develop EM conceptual models and test them in a research

environment. An example of such a development effort would be to take a

conceptual model of the key programmatic variables for EM and develop

situation scenarios in a gaming environment in our laboratory. Such a

game could be computer-based to allow rapid changes of parameters. We

could then easily design a number of experiments to vary parameters and

measure the results of various subjects interacting with the EM

environment. The results of testing our lab models will be applied in

Consensus Process Studies in real EM environments and in fundamental

research to support or contradict llterature findings.

AccomP_ishment_

In Information Systems, we worked on four studies during the fourth

grant year. We added and concluded two new studies this year called

testing the EM booklet and testing the EM fact sheets.

In El( Hasardous and Sanitary Waste Program Background Reports, MSL was

asked to produce these background reports to serve as reference material

to support the EM Office of Waste Operations in formulating two new HQ

programs, the Hazardous Waste Program and the Sanitary Waste Program.

EM needed information about hazardous and sanitary waste activities and

regulations throughout DOE to determine the scope of these programs,

establish program baselines, and develop program objectives and

strategies for accomplishing the objectiv,_s. We agreed to review the

relevant background materials and prepar_ comprehensive background

reports for these waste programs as part of our consensus research so we

could determine the types of information needed to establish these EM
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waste programs, and determine the availability and consistency of waste

information throughout the DOE complex.

The Hazardous Waste Program and Sanitary Waste Program Background

Reports were built from a compilation of materials from available

publications created by or pertinent to DOE. The main source of data

for the background reports was the draft 1991 51te-Speclflc Plans. A

myriad of "information bites" were extracted from these plans and

organized by site and activity to serve as the foundation for the

detailed background reports. MSL combined this site-speclflc foundation

with information obtained from the EM Five-Year Plan, EP& regulations,

DOE Orders, the Waste Information Network databases, and other related

documents. The final drafts of these reports were completed in mid-

March.

We found substantial deficiencies in existing waste data for these

programs. Specifically, waste data volumes throughout its Ills-cycle
were not available for some locations. Where waste data was available

through several sources, often the waste data volumes did not agree. In

some cases the way waste was characterized and quantified on various

reports made it impossible to cross-check the data from one source to

another. In addition, there was a deficiency of data regarding futura

trends in regulatory compllance requirements and future issues. A
consistent vision of what the EM environment will be llke in the future

is important in establishing objectives that are proactive rather than

reactive. Data on the waste budget, existing regulations, and waste

activities was generally available and in good form.

In Testing the EM Booklet, MSL, through another funding vehicle,

performed DP Intern training for 17 DOE interns during the fall semester

of 1991. Through thl8 grant, we wanted to evaluate the EM Booklet as
text material to teach the interns about EM. This would aid us and DOE

in understanding the usefulness of the EM Booklet as an education tool.

EM has stated that the public must become better educated about EM and

its programs so it can better work with the public to accomplish DOE's

mission. As such, the information transfer of public literature such as

the EM Booklet affects DOE's ability to reach consensus with the public

on Its program.

The interns were future DOE employees--college-educatedprofemslonals

with a vested interest in learning the material presented to them. The

training program introduced each office within DOE, Includlng a session

on EM. All the students were given a pre-test to determine their

knowledge before the EM session began. Some students received a pre-
test on information unrelated to EM but included in previous lectures;

the others received a pre-test exclusively on EM-related information.

The instructor presented a three hour lecture on EM that included
information not covered in the EM Booklet. The instructor did not know

an evaluation test was being conducted. The interns received the EM

Booklet during the session on EM and were told to read it.

We conducted a post-test one week after the interns received the EM

Booklet and attended the lecture. The EM pre- and post-tests were

designed to ask the same questions worded differently and in a random
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order. The test questions included specific material the readers should

learn from the EM Booklet. At least 25% of the test questions were on

material from the session that wasn't covered in the EM Booklet. This

allowed us to determine the effect of previous knowledge about DOE

activities on learning from the EM Booklet. Of the 17 interns, 14

turned in both pre- and post-tests.

We specifically looked at three research questions. (i) Did we bias the

interns' post-test scores by giving them a pre-test (in other words the

pre-test did not cue the interns about what to study}? We found that

the pre-teet did not affect the scores on the post-test. (2} Did the

lecture and the EM Booklet teach the interns material they did not

already know? The test scores were analyzed using the Wilcoxon Signed

Ranks test. The poet-test scores were eignlflcantly higher than the

pre-test scores (p-O.005). We concluded that the lecture and the EM

Booklet taught the interns materlals they did not already know. The

sample average improvement in their test scores was 20%. (3) Did the
lecture affect how much the interns learned from the EM Booklet? The

results showed that the lecture did not affect test scores and was not

an effective tool for reinforcing the EM Booklet (p-.20).

In Testing the EM Fact Sheets, our objective was to explore the

effectiveness of the fact sheets as teaching tools, evaluate whether

exposure time affected learning, and test whether attitude about nuclear

power and the transportation of nuclear waste affected knowledge

acquisition. EM has stated the public must become better educated about

EM and its programs so they can better work with them to reach consensus

about how EM should accomplish its mission.

We used a sample of 15 undergraduate college students who had completed

one or more semesters of college and who did not have a vested interest

in learning about EM. We tested four of the 35 existing EH Fact Sheets:

Resource Conservation and Recovery Act, Environmental Restoration

Activities at Feed Materials Production Center, Waste Management

Activities at Idaho Field Office, and Radioactive Waste. We measured

their baseline knowledge about EM with a pre-test. The test questions

reflected specific material the readers should learn from the four EM

Fact Sheets. The post-test asked the same questions differently and in

random order. We also included opinion questions about radioactive

waste and nuclear power.

The test was set up in a complete randomized block design with each

block receiving one of two treatments. Group One was given five minutes

to read each fact sheet in a mock-exhlblt environment (people talking,

exhibit materials on the walls, TV, displays, etc.}. They received a

post-test four or five days later. Group Two took the four EM Fact
Sheets home and were instructed to read them twice for ten minutes each

a few days apart. They received a post-test four or five days later.

We answered five questions with this test. The first question was, did

the two groups have different post-test scores (in other words did time

exposure affect test scores)? There was no difference in test scores

based on length of exposure time for this audience. Second, did the EM

Fact Sheets teach the students information they did not already know?
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We found there was a 24t increase in test scores from the pro- to the

post-toot for both groups combined (p-.005). The pro-toot on average

was 19t and the post-test on average was 43t. Third, did attitude

affect test scores? Attitude toward nuclear power or waste

transportation didn't appear to affect test scores. However, it appears

that access to information about these topics did not negatively impact

this audience's opinions about radioactivity or nuclear power. Fourth,

were test scores higher for different topic fact sheets? None of the

four fact sheets was more effective than the others (p-.3). Fifth, were

more questions answered correctly when based on information at the

beginning and end of the fact sheet than the middle? There was no

discernible pattern of knowledge retention for different parts of the

fact sheet.

Presentations and Papers are included in Volume II, Papers,

Presentations, and Conferences.
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FIFTH-YEAR PERFORMANCE REVIEW

This section reports on our concluding accomplishments under the

consensus grant. The proposed emphasis for year five is illustrated in

Figure 2. The figure portrays six effort areas and three research

domains we used to organize our research. The six effort areas are

theory and concepts, test sites, consensus tools (for methods, rules,

and the guide), frameworks and models, consensus methods, and consensus

processes. We break our work on these areas into fundamental research,

consensus processes, and information systems. We discuss

accomplishments within these three domains later in this section.

Orlg!nally, we planned a strong flfth-year emphasis in effort areas

concerning_ theory and concepts, frameworks and models, consensus

proces s, and consensus guide. A moderate emphasis was planned for

cons_sus tools for methods (new methods) and consensus tools for rules.

Under,beery and concepts we planned literature searches and the

deveJ_ment of new theories and concepts. Under test sites, we

or_nally planned to conduct studies in the real world rather than in
the laboratory. Most of our work progressed as planned. However, as we

indlcated in the fourth year section, early on in the grant period we

had to step up our work on consensus processes. Initially, this effort

area was slated for applied or field studies, further analyzing what we

learned in the laboratory. We didn't anticipate the dramatic changes

that would occur in the Department of Energy's (DOE's} mission. DOE's

Office of Restoration and Waste Management (EM) established the goal to

clean up the current inventory of inactive and surplus facilities by the

year 2019. The expansiveness of this challenge required additional

effort and some change in direction. Furthermore, with need for a Five-

Year-Plan (FYP) (and its related meetings} and Technology and

Information Exchange Workshops early in the grant period the need to

involve ourselves in applied work early on was heightened and out of

sequence. With the birth of the State and Tribal Governments Working

Group (STGWG), our "real-world" laboratory became available before much

of our fundamental work was complete. Yet we realize that to study

consensus only in the laboratory, unreplicated at meetings, would have

yielded theoretical findings with no practlcal applicatlon. So we

welcomed the opportunity to study consensus gaining in an important and

relevant context. Our applied research also involved a comprehensive

effort to develop, observe, and analyze consensus processes during the

development of the FYP and beyond.

This meant some of our fundamental research was completed later than

expected. Therefore, it's too early to report on acceptance of some of

our most recent papers for conferences and Journals. However, our

bibliography on consensus-related paper presentations, articles, and

technlcal reports is considerable and is included in supporting

documents to this report. We report now on the flfth-year

accomplishments under the grant.
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I. Pundamental Research

Theory and Concepts (exploratory)

(paradigm-orlented literature search, case

studies supporting a consensus paradigm,

frameworks and models, and more effort on

consensus gathering expertise)
Consensus Tools for...

Methods (specific confirmatory)

(refine instruments to measure

consensus)

Rules (specific confirmatory}

(relate specific independent

variables affecting consensus

methods and processes)

Guide (global confirmatory)

Frameworks and Models (exploratory)

(paradigm development related to case

studies)

II. Consensus Processes

Test Sites (specific confirmatory}

(routinize consensus group set-up)
Consensus Tools for...

Rules (specific confirmatory)

(relate environmental issues to the

consensus process}

Consensus Methods (exploratory and specific

confirmatory)

(evaluate selected methods in consensus

groups)

Consensus Process (specific confirmatory and

global confirmatory)

(design and build tools based on results)

Ill. Information Systems

Test Sites (specific confirmatory}

(relate information sources to Five-Year

Waste Plan execution)
Consensus Tools for...

Rules (specific confirmatory}

(evaluate information flows for

Five-Year Waste Plan, consensus

groups, and others)

Domain I for the fifth grant year was dedicated to 1} completing our

review of the literature and consensus paradigm studies, 2} designing a

handbook or resource for consensus processes, 3) designing a guide _or

facilitation, 4) conducting further work on measurement, 5) collecting

data using measures we've developed during the grant year, 6) networking

to apply methods to targets of opportunity, 7} further analyzing the

effects of experts on consensus, 8) identifying preliminary results of

research on personality and it's role in consensus, 9) writing papers

for presentation and publication.
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Domain II for the fifth year was dedicated 1} to developing EM models,

including identifying its key programmatic variables, 2} facilitating

consensus groups so we can study them, 3) studying groups involved in

DOE's Five-Year-Plan and other strategic activities, 4) researching the

appropriate configuration for the EM organization, and 5} reviewing

DOE's waste management policies and programs with respect to their

impact on consensus decisions.

Domain llI in year five was dedicated to analyzing information and

communication systems EM uses. We now discuss the background and

accomplishments of fundamental, consensus process, and information

systems studies during the fifth grant year.

Fundamental Research

Backoround

It's almost impossible to pick up a newspaper or watch the evening news

without hearing the word "consensus." The Department of Energy (DOE)

brought consensus-based decision making to its State and Tribal

Government Working Group (STGWG) and Stakeholders' Forum. The National

Institutes of Health (NIH} has used consensus meetings to make uniform

recommendations for medical procedures and treatments. More recently,

the Clinton administration uses consensus strategies to bring disparate

groups together. Consensus groups are increasingly important in local

communities and in the private sector. From strategic planning groups

to employee teams, effective group decision skills are a requirement.

The purpose of our decision research was to identify what's known about

consensus, study it, and research and develop tools to make it possible.

Any summary of findings about consensus must mention one common

misunderstanding about the consensus construct. Words llke "forging

consensus" are widely used. However, consensus isn't forged; it's

built. How do we build consensus? First, know what it is. Second,

know how to establish the context for consensus. Third, know it's

limitations. Fourth, know tools and processes to get it. Flit.h, know

when you've got it.

Consensus isn't voting, rubber-stamplng, or gaining compliance.

Consensus is a state of convergence of opinion where most individuals

agree, and are willing to give some level of support to the decision.

As we emphasized in year four, there are generally two kinds of

consensus--macro-consensus (or large scale} and m£cro-consensus (or

small-group). Micro-consensus can be further divided into process and

state. Some researchers see consensus as a process. Others see it as a

state resulting from the interplay of many group processes. This view

sees consensus as involving two dimensions, the strength of agreement

and the number of people agreeing.
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Figure 9. Micro consensus has been described as either a process or a
state.

To set the context for consensus, some important probing questions must

be addressed. Does the convener seek consensus when what is really

desired is compliance? If so, consensus processes won't be successful.

Group members will catch on that their involved in the process to "go

along." True agreement won't result, but implementation of the decision

could be hampered.

Does the convener believe consensus decision making is l_ppropriate?

This issue is related to the previous one. If one's Jult using

consensus strategies because they're the "in" thing to do, chances are

efforts toward agreement won't be successful.

Does the convener know who his or her customers are? Although most

people act as if their boss is their primary customer (Block, 1993),
most have an external customer other than their boss. For example, in

government, managers can easily come to focus on multiple demands from
their bosses, other members of the admlnlstratlon, and Congress. In

this country, however, the citizens are the external customers (Osborne

& Gaebler, 1992). Knowing who the customer is can change the way

government managers view their work and the involvement of citizens in

public participation processes.
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Does the convener know who his or her stakeholders are? Managers tend

to think customers don't know what they want. This assumption may be

unwarranted. Stakeholders are people having a stake or interest in the

decision. But stakeholders who reflect the different "publics" are

customers too. Their participation can provide meaningful input and

contribute to more effective implementation of decisions. Treating

stakeholders as customers is a crucial component to building consensus

relationships with the public.

Does the convener mistake consensus building for a public relations

tool? If 8o, this view may be transparent and impede consensus. In

thls context, using consensus strategies may backfire. Key to assuring

that these cautions translate into meaningful group interaction is the

group facilitator. Indeed, we assert that without skilled facilitation,

shared understanding and access to the right information, consensus-

based decision making won't be effective. "Facilitate" means make

easier. Effective facilitators make the process easier both before,

during and after the meeting. Before the meeting, facilitators must

define the purpose; include voluntary, accountable representatives from

each significant interest; design's flexible process; and establish

realistic time limits. During the meeting, effective facilitators

encourage equal participation by group members; respect diverse values,

interests, and opinions; lead members to pose logical, lucid arguments;

use and manages conflict wisely; help the group to seek out and study

all alternatives; and doesn't force consensus. After the meeting,

effective facilitators commit to implementation and monitor results.

When designing consensus efforts, use a consensus model to guide the

effort. Concepts such as precipitator, purpose, participation, people,

the type of problem, group process issues, and products you need--all

affect how one designs consensus efforts in general and consensus

meetings in particular. Each of these issues must receive attention

before, during, and after the meeting.

To indicate the complexity of the consensus process, we mention just a

few of the process issues that can influence how consensus meetings turn

out: group development, influence tactics, setting expectations, setting

goals, social loafing, perceptual biases_ interpersonal versus task

conflict, level of group cohesion, groupthink, and processes for using

techniques to foster consensus. Each of these process issues is also

complex. For example, cohesiveness can either help or hurt consensus.

On the one hand, it can increase stability in groups, increase

satisfaction, and sometimes make communication in groups easier. On the

other hand, cohesiveness can complicate performance. Cohesivenes_ can

lead to groupthink and thus can inhibit quality decisions. It can

intensify hostility of group members toward outsiders, promote

scapegoating, and lead to rejection of constructive dissenters. To

reduce the negative effects of cohesiveness you can consult similar

groups, use devil's advocacy, or subdivide the group. Sometimes, (in

dysfunctional groups) it may be necessary to increase cohesiveness. To

increase cohesiveness: 1) keeping groups small, 2) make necessary

resources available, 3) set up processes for members to resolve their

differences satisfactorily, 4) give the group superordinate goals, 5)
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make sure the group successfully reaches its goals, 6) reward the group

for team performance.

Because we've studied consensus within public involvement (PI) groups,

we have developed some specific recommendations for them (adapted from

Kurstedt, 1994).

0

- Involve all stakeholders.

- Give public involvement groups a say in the organizational

processes; don't hand them results.

- Involve PI groups in issues important but not urgent to them

and the organization.

- Realize stakeholders will think any insider speaks for their

entire organization.

- Don't try to discuss and respond to all issues.

- Give independent, objective, third-party facilitation.

- Focus on the meeting process.

- Cultivate leadership in all participants.

- Set specific action items.

- Give organizational representatives the authority to make
decisions and commitments.

- Without constancy of purpose, the group may flounder for

meaning and existence.

- Groups don't feel empowered just because conveners or

leaders say so or because their intentions are good.

- If an organization doesn't recognize the inherent variation

in stakeholders descriptions of it, the organization may

been maligned.

We have more to say on these and other consensus issues in Building

Consensus and Improving Decision Quality: A Handbook for Hanagers,
described below.

Accomplishments

For fundamental research, we worked on seven studies during the fifth

grant year. Under fundamental research, we've reviewed the literature,

studied the consensus process using both laboratory and field studies,

and researched and developed consensus tools.

Consensus tools include:

Literature overview

Consensus handbook(50+ modules, each on a different

consensus-related topic).

Facilitation guide

Consensus planning model

Select a consensus technique

Guide to determining level of participation

We describe these tools below.
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In Consensus Library, we further expanded our literature review efforts.

The consensus llterature review is complete. Although it's impossible

to review every artlcle on consensus and/or group process, we consulted

and reviewed thousands of sources. We compiled an overview of the

literature which is summarized in the document entitled Building Small

Group Consensusz A Literature Review and is Volume III in the final

report. This volume gives an overview of the literature on group

process and consensus. We speclfically refer to hundreds of articles

and studies on group process and consensus. However, our literature

search (i.e, works consulted) took us to over 2,000 books and articles.

from 16 scholarly areas (e.g., psychology, public a_inistration,

sociology, political science}

from the Library of Congress

from Virginia Tech Libraries

from electronic databases

Also complete is a handbook on consensus and a guide for facilitatlon,

each of which are practical, how-to volumes based on findings and

recommendations in the literature. We now briefly describe these two
efforts. Our consensus handbook summarizes in concise modules what

facilitators and group members must know. The purpose of these volumes
is to share what we've learned with readers who need condensed

information about how to run consensus groups.

MSL researchers collaborated to provide recommendations to group process

managers on a variety of topics. The handbook, Building Consensus and

Improving Quality in Decision Haking, is a 233-page document covering

many topics related to bringing groups to consensus. We developed this

handbook by reviewing 1) the group decision making literature, 2)

lessons learned from practical experience within consensus books, and 3)

research on consensus done at MSL. Topics covered includez

Introduction

Defining Consensus

Keys to Consensus

Decision Making in Groups
Consensus Guidelines

Context for Consensus

A Model for Planning Consensus Meetings

Purpose of Consensus Meetings

Formal Roles in Consensus Meetings

Informal Roles in Consensus Meetings

Personal Characteristics of Group Members

Experts

Group Size

Diversity
Cohesiveness

Norms

The Problem to Solve in Consensus Groups

Participation in Decision Making

Group Development
Influence

Leadership
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Recommendations for Leading

Expectations

Goal Setting

When Indivlduals Perform Better in Groups

When Indlvlduals Perform Worse in Groups

Bias in Perceptions and Decisions
Conflict

Conflict Management Strategies

Groupthlnk

Group Polarization
Communication

Facilitating Meetings

Facilitating Public Involvement Groups

Choosing the Proper Group Technique

Idea Generating Techniques

Nominal Group Technique

Devil's Advocacy and Dialectical Inquiry

Social Judgment Analysis

Consensus Mapping

Group Decision Support Systems

Evaluating a Meeting

Measuring Consensus
Commitment

Macro-Consensus

The other document, Meeting Facilitation_ A Practical Guide for Running

Effective Heetings, is a shorter document, meant as a handy compilation

of tips for organizations wishing to better facilitate consensus

meetings. These recommendations were based on experience and research

of many professional facilitators. Meeting Facilitation is a good

complementary document to one compiled for DOE under the Bonneville

Power Authority. Both the handbook and facilitation guides are attached

to this final report. Additional copies may be obtained from Management

Systems Laboratories, Virginia Polytechnic Institute & State University.

In Consensus Paradigm Studies, the paradigm, illustrated in Figure 6

portrays the elements we believe underlie an understanding of the key

elements to consensus_ Precipitator, purpose, people, participation,

problem, participation, process, and product. Although any conceptual

model is fluid and can change based upon future understanding of the

relationships between variables, we believe that this conceptual model

reflects the relationships of key elements and provides a useful tool

for meeting planners. The model is a useful and potentially valid

representation of consensus. Validity, of course is not an all or none

property, but rather reflects a painstaking accumulation of evidence

concerning the legitimacy of the construct and its hypothesized

relationships. The model served as a conceptual framework for

organizing our research and for organizing our consensus handbook. We

explain our conceptual model more fully in our consensus handbook and a

paper entitled, "A Consensus Model for Developing Participative Decision

Making" (Doss, Brubaker, & Kurstedt, 1991}. Using such a model will

enable consensus meeting planners to better organize their consensus

efforts. For example, attending to each dimension will assure that

major conceptual areas of the process are attended to. Ideally, a
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meeting planner would also think through all the subordinate issues

involved. In the instance of thinking through process, for example,

there are dozens of processes at work in group meetings. Our handbook,

Building Consensus and Improving Quality in Decision Nsking, explains

some of these and shows issues needing to be addressed. The paradigm

research involving the environmental trilogy was completed and reported

on in year four.

In Consensus Academia Plan, we completed our work.

In Consensus Group Dynulcs, we completed our expanded research on the

effects of experts in consensus groups. In earlier years we reported on

two studies concerning experts. This expanded study consisted of 77

groups using two types of experts or no experts. The research question

was= Does the effect of type of expertise affect consensus outcomes

(perceived consensus and decision quality?

In year five we reanalyzed this research. Initially, we had hoped to

umbrella a combined study on expertise and personality variables. For a

variety of reasons, we decided to separate the two studies. We used a

one-factor (expertise), three-level (content expert, process expert, no

expert) design to test the following hypotheses:

HI: The presence in the group of an individual with either task

specific content or process knowledge will increase the

quality of the group decision. Content expertise is

expected to contribute more to decision quality than process

expertise.

H2: Memberg of groups with either a content or a process expert

will have a greater perception of decision quality than

members of groups with no expert and will therefore have a

higher rating on individual consensus.

H3: Group members will be more likely to accept a decision if

they believe their views were considered by the group,

therefore have a higher rating on individual consensus.

To sum our findings=

- Groups with subject experts had higher quality individual and

group decisions.

- Groups with process experts did no better than groups without

trained experts.

- Process experts showed the least gain in quality from initial to

final ranking.

- Overall, group decision quality substantially exceeded average

initial individual decision quality.

- Presence of subject matter expert didn't affect group consensus
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- For individual group members, there were no perceived differences

based upon ty_e of group for information sharing, opportunity to

express views within the groups or strength of agreement and

acceptance of the decision of the decision.

- For process experts there was less perceived information sharing,

opportunity to express views, and less agreement with the
decision.

In Personality Variables and Consensus, we expanded on our earlier work

by conducting a structural equations analysis of a variety of the inter-

relationships of a number of personality variables. Our interest here

was an understanding of the individual and social factors that mediate

and shape the processes by which individuals in consensus groups share

information and arrive at a group decision. A primary reason for

decision making by consensus is to assure a high level of acceptance and

increase the quality of the decision by incorporating multiple

Perspectives. Understanding the factors limiting either the decision

quality or the strength of consensus is a first step toward developing

strategies for improving performance in group decision making.

The primary research objective was an investigation of the role of

specific personality traits on an individual's influence on the group

decision and on individual consensus with the group decision. We had

hoped to provide a partial response to the questions Can group

performance be improved byz a} selection of a group members on the basis

of personality characteristics, or b} consideration of Indlvldual

characteristics during the group process?

We looked at the relationship between some personality issues and data

from a group problem-solving exercise. In the personality study, we

used a path model to show the relationships between initial knowledge,

personality traits, actual influence, perceived opportunity for
influence and individual consensus.

226 group members (93 males and 133 females} performed a Lost-on-the-
Moon decision task. Measures includedz

- initial task knowledge (sum of the absolute differences between

the group member's individual ranklngs and the NASA expert's

rankings}

- strength of four personality traits dominance, aggression,

affiliation, and achievement (using Jackson's Personality Research

Form E (PRF-E}}

- actual influence (absolute difference score between the group

member's individual ranking and the final group ranking}

- perceived opportunity to influence (Perceived opportunity to

influence the final decision was measured with a post-lnteractlon

questionnaire)

- individual consensus (post interaction questionnaire}
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Our research uncovered some significant gender differences. Men on

average came into the task with greater initial task knowledge than

women. Men had more actual influence on the group decision than women.

Women, on average, expressed greater agreement with the decision than

men. There were no differences between males and females in perceived

opportunity to influence the group.

A_ong the four personality traits (affiliation, achievement, dominance,

and aggression), there were gender differences on affiliation. Women's

mean affiliation score was significantly higher than men's. Even when

initial knowledge levels were controlled for, men, on average, had more

actual influence on the final decision than women.

Results revealed separate path models for males and females. In other

words, variable Inter-relationshlp8 were different for men and women.

For example:

Men's Model8

- Affili_tlon was negatively related to actual influence

- Initial knowledge was positively related to actual influence

- Achievement was positively related to individual consensus.

- Perceived opportunity for influence was positively related to
individual consensus.

Women's Models

- Affiliatlon was positively related to individual consensus.

- Initial knowledge was positively related to actual influence (same

as men's).

- Achievement was positively related to perceived opportunity for
influence.

- Initial knowledge was positively related to actual influence.

- Actual influence was positively related to perceived opportunity

for influence.

- Perceived opportunity for influence was positively related to
individual consensus.

There were gender differences in the role of affiliation on influence.

For males, high affiliation appears to have a negative effect on their

ability to influence the final decision whereas for females there was no
evidence of an effect for affiliation level on influence.

Why isn't more of the influence occurring in groups accounted for by the

initial knowledge of group members? According to these findings, there

are two reasons: gender and affiliation. Affillatlon-orlented group

members are more likely to compromise for the sake of reaching a

decision. In other words, false consensus was more likely for those

individuals. The risk of false consensus means facilitators must

attempt to uncover and explore constructive controversy and emphasize

the risk of false consensus to group members.

Regarding effects of affiliation on individual consensus, males and

individuals with higher tendencies for affiliation tend to measure lower

on Indlvldual consensus. This finding makes sense in the context of

false consensus. More affillatlve males may have publicly compromised
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for the sake of • decision. Privately, they may not have agreed with
the decision. For women, affili•tlon orientation affects individual

consensus in the opposite direction. For women, affiliation orientation

may serve •s • means to influence the decision.

The usual cautions about not generalising the results of a single study
apply. Further research, par_icularly predictive validity research, is
needed before these findings can be translated into recommendations

about group nosher selection. Although these results •re infornativo
and interesting, we caution that decision group personnel decisions
should be made not on personality, but rather on experience and skill.
Most dysfunctional behaviors in groups can be man•god by • skilled
facilitator. There are serious practical and ethical considerations
involved in using personallty tests for selectlon, whether for initial
employment or for assignments (such as groups and task forces) that may

affect opportunlty and pronotabillty later on. For example, a
facilitator can manage member dominance by encouraging all members to

participate, asking group members to explain the rationale behind their

ideas, and asking group members to only talk during their turn. Group

member aggression can be managed by defusing anger with empathy or non-

sarcastic humor, keeping conflict issue- or task-related, and asking

group members to remain seated and calm. Affiliation can be managed by

making sure the reasons behind conflict are discussed, asking group

members why they change their opinion, and keeping discussion on

relevant topics.

In Group Decision Support Research we took note of the fact that

increasingly, the "information highway" is winding its way into the

decision process area. Information technology has long been employed to
assist individuals with their information requirements. A more recent

application is efforts to link individuals in their efforts to come to
decisions. Because of the growing interest in computer-agslsted

decision making (electronic meeting support systems or group decision

support systems, also referred to as GDSSs), we wanted to test the

usefulness of such a system in arriving at consensus. To date, research

on these systems is equivocal (some studies finding an effect, with
others failed to show an effect}. Some favorable studies originate in

laboratories where software is developed. Potential effects of a GDSS

on consensus are a decrease in expression of affect, a decrease, in

reliance on written media, an equalization of participation and greater

depersonallzatlon, role process clarity, and exploration of
alternatives.

We investigated how the use of a group decision support system

influences formation of group consensus. In • task requiring group

members to jointly prioritize a group of items, 12 groups of 8 members

each were randomly assigned to one of three experimental conditions:

- group decision support system,

- manual counterpart to the structure imposed by the GDSS,

- no structured support.

Results revealed no differences in objective measures of consensus,

decision quality, perceived decision quality, and perceived opportunity

to express views. Scorer on these varlables were similar for each of
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the three levels of technology investigated. Only perceived consensus

was found to vary across conditions.

Post hoc comparisons using the Tukey test revealed no differences
between the no-support and manual support conditions. There were no
differences between manual and ODSS conditions. However, there were

differences between the control group and the ODSS group on perceived

consensus. Since there were no significant findings for actual

consensus, it may be that the GDSS induced false consensus. That would
be a serious limitation of a ODSS.

However, we urge caution in generalizing these findings. Results of a

single study must always be interpreted with care. Thls is true for a

variety of reasons. Features of the experimental setting may not

generalize. For example, perhaps for a simple ranking task, any level

of automation may suffice. However, it's possible that for more complex

tasks, automation may be better. It remains for future research to

decide. Although our research revealed disappointing effects for the

GDSS we studied, this does not mean a GDSS system would never be

effective. This project has been summarized in a paper submitted and

accepted for presentation to the annual meeting of the Human Factors and

Ergonomics Society and inclusion in its proceedings.

We performed one extra project in year five. Although much "common

sense" about group facilitation exists in the literature, few have

undertaken to systematically study how effective specific facilitation

techniques are in fostering particular responses on the part of group

members. A structured observation team is a team or group of

individuals carefully trained to systematically observe meeting

facilitators and participants on a set llst of variables. A grid or

tool to register observations is a vital ingredient of such a structured

process.

We undertook some preliminary efforts to identify ways we would

systematically observe and record behaviors and techniques facilitators

and group members used. We developed a matrix for use by an observation

team. Our structured observation team software is in its infancy and

requires future work and refinement. Nevertheless, we've made a good

start. Software has been written to run the system and to record and

score the observations. What's remaining is the program to enable the

recording and scoring portions of the software to communicate.

Example facilitator skills the system can document and score include:

encourages participation of all members, attends to group member

behavior, gives and receives feedback in the group, keeps the group on

track, empathizes with group members, and models appropriate group

behavior for group members. This breakthrough may yleld scholarly

results and practic=l applications beyond the grant period.

In Papers and Presentations, our results are reported in dozens of

conference papers, conference proceedings, and Journal articles. These

are contained in Volume II of this report.
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Consensus Process Studies

Backaround

A new research effort under consensu| meetings involves ER Technology

Information Exchange (TIE) Workshops. This new activity has been added
tO our grant scope for the second half of year four. We are assisting

EM-40 in setting up vehicles for sharing technical information between

sites on environmental restoration issues. We have organized and

developed workshops and designed and published a quarterly newsletter.

The EM Exhibit went to 40 public meetings and conferences each year. We

researched methods of providing information to the public, including

drafting various information packages, varying the format, content, or

other elements, and measuring the impact on educational effectiveness.

Our research was designed to improve communication of factual reality to

change the public's perception.

Strategic planning was a major acHivity for year five. The transition

to a new administration presented the opportunity to study some

strategic plannlng efforts in EM. One effort at the highest level, EMil

and another at an operational level, EM-35. We assisted DOE managers in

evaluating the concept of centralized versus decentralized management

structures and various organizational design issues. We studied how a

new administration identifies what its strategic mission is and how it

gets support from _xisting EM managers. Through facilitation of several

strategic planning retreats, we identified and implemented processes to

help the EM managers deve&op an agreed upon set of goals and objectives.

EM-30's strategic plan clearly identifies it as a stakeholder-orlented

organization that values public acceptance of its program. This

stakeholder orientation made it worthwhile to attempt to model EM-30's

environment using stakeholder analysis, and to test whether it is an

appropriate modeling tool.

Accomplishments

In Consensus Meetings, we researched ways to improve DOE's

technological information exchange effectiveness. Specifically, this

included researching ways to improve internal communication within the

Office of Environmental Restoration (ER) and between ER and EM's Office

of Waste Operations and Office of Technology Development. Our

laboratory participated in a Headquarters and Field Area Technology

Representatives (HATR/FATR) Steering Group.

As we indicated in year four, we helped the HATR/FATR Steering Group to

research, design, develop, and facilitate technology information

exchange (TIE} workshops. The purpose of the TIE workshops is contained

in their theme, "Using Today's Technologies Better." The workshops

provided a "hands on" slte-wide technical exchange of information

between participants to continue an ongoing process of site-to-slte

communications and sharing of lessons learned among ER field personnel.

That is, their purpose is to create and strengthen "TIE's" among sites.
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Early in year five, we produced the TIE Quarterly's, Vol. 1, No. 3, Vol.

2, No. 1 and helped the HATR/FATR Steering Group to research, design,

develop and facilitate the Third TIE Workshop held Novm_er i7, 1992 in
Pleaaanton, California. As facilitators and observers of the TIE

workshop, we were able to gather data on antra-group (within DOE)

consensus building. Following the workshop, we assisted the HATR/F&TR

Steering Group with the research and development o5 a newsletter type

format to continue information exchange among the sites.

We determined that providing overviews of the presentations at the

workshops along with contacts for obtaining more information bitter

achieved the goals of TIE to foster information exchange among the DOE

personnel actually doing the clean-up work. Through surveys taken at

each workshop we were able not only to help the HATR/F&TR steering group

to adjust the format and approach of the various sessions, we were also

able to gather data on intra-group (within DOE) consensus building to

compare with our measurements of external DOE advisory groups. Due to

funding changes, all EM Exhibit activities moved to another funding
source in March 1993.

The office of EM-30's Strategic Plan states, "The mission of the Waste

Management Program is to treat, store, and dispose of Department of

Energy waste, as soon as possible, to protect human health and safety

and the environment. To support this mission, EM-30 will promote the

mlntmlzatlon of future-generated waste and will conduct operations in a

safe, technically sound, economical, and publicly acceptable manner."

This statement clearly identifies EM-30 as a stakeholder-orlented

organization that values public acceptance of its program. This

stakeholder orientation makes it worthwhile to attempt to model EM-30's

environment using stakeholder analysis, and to test whether it is an

appropriate modeling tool.

The contribution of this research is a set of stakeholder concerns

grouped according to issues and sub-lssues. Specific stakeholder

concerns were gathered from an analysis of open-ended comments made

during EM's Programmatic Environmental Impact Statement Scoplng

Meetings. The study identifies the stakeholders and their concerns.
These concerns can be translated into major issues and sub-issues and

major stakeholders involved with these issues helps identify the

strengths and weaknesses of EM-30 as defined by its stakeholders.

Opportunities and threats for EM-30 can also be identified through the

study of these issues.

In Networking for Consensus, the nature of this effort was describded in

year four. With the culmination of our lltrature review and guide

projects, thls effort was completed in year five.

In EM Complex Modeling, EM has established the goal of cleaning up the

current inventory of inactive and surplus facilities by the year 2019.

The size and complexity of the clean-up problem is staggering. EM-30

has initiated the Configuration Study, an important element in meeting

EM's 30-year cleanup goal. The study intended to answer the questlon:

"What treatment, storage, and disposal facilities (TSD) w£11 be needed,

when will they be needed, and where should they be located to process
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DOE waste over the next 30 years?" There are many important arlterla
including seat, waste volumes, treatment and disposal technologies used,
regulatory issues, and many more. In this project, we helped EM
formulate the problem and develop solution methods.

As we indicated in Fear four, neither the problem nor the solution
methods are clearly defined. So, EM managers will have to formulate
strategies to achieve the clean-up goals that are based on assumptions
and "best guesses". Further, these strategies must withstand intense
public and regulatory scrutiny.

Wlth the Configuration Study Academic Panel done in year four. Year
five was spent incorporating the results of the panel into prototype
models for the DOE managers to use. We demonstrated the models to DOE

managers and received valuable feedback. These managers appreciated the
value of the model but found several limitations. New enhancements

(based on feedback) were added to allow such things as: multiple views
of the same model and case comparison.

The transition to a new administration presented the opportunity to
study some strategic planning efforts in EM. One effort the highest
level, EM-1 and another at an operational level, EM-35. Both of these
studies focused on the effective communication of the plan, once it was
conceived.

The study in EM-3S shows how "similar" corporations to DOE's EM do
strategic planning. We worked with DOE managers to determine what type
of organization could be considered "similar". The characteristics

included were: multiple product lines, independent subdivisions with

seml-autonomous management, an uncertain regulatory environment, and

uncertain public support coupled with public scrutiny of actions.

We found strategic planning has one or more of five functions within the
organizations studied:

1. to help organizations understand their business environment and

organizational system

2. to develop strategies to accomplish organizational goals,

3. to implement strategies,

4. to maximize the efficient and effective use of resources through

the link between the strategic plan and budget, and

5. to provide a framework for performance evaluatlon.

In the EM-1 and EM-IO strategic planning we studied how a new

administration identifies what its strategic mission is and how it gets

support from existing EM managers. We helped plan and facilitate

several EM strategic planning retreats. These retreats were a mixture

of planning and team-buildlng. The team-buildlng was essential since

the new administration was merging with the existing managers. We

identified and implemented processes to help the EM managers develop an

agreed upon set of goals and objectives.

In EM ExhLblt, we identified selection criteria for exhibit sites in

four key areas: impact, receptivity, education, and physical factors.
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Each area was divided into two or more subcategories that could be

scored on a scale of one to three (with three being the highest). We

ranked 129 conferences in the areas of business, education, engineering,

environmental, general, government, science, and medical.

We tested our audience selection model by having DOE exhibit staffers

review the list of sample conferences we created. Then we compared how

they ranked the sites based on their experience with the ranking

produced by our selection system. Although there were some slight

variations in the order, in general, the selectiuns matched. In other

words, sites that ranked high from pest experience scored high with the

system, and sites that ranked low from past experience scored low with

the system.

Future research areas could include developing a model to predict and

evaluate the effectiveness of different handout materials with different

audiences. Also, a methodology could be developed to predict the right

mix of tools for different audiences, in terms of style and content, as

well as number of copies needed.

Due to funding changes, all EM Exhibit activities moved to another

funding source in March 1993.

In Consensus Measurement, measurement studies involved the development,

calibration, and early stages of validation of a dynamic consensus

measure. The consensus metric is a mathematical tool (Harvey & Kleder,

1993) giving a numerical value for the closeness of the opinions of

group members. Individual's responses are given numerical values (as in

a Likert-type scale). Such values become coordinates in opinion space

having as many dimensions as there are questions in the questionnaire.

Therefore, each respondent is represented by a point in the opinion

space having a set of coordinates corresponding to that respondent's

answers to various questions. A lower-diagonal matrix tabulates the

distance between every possible palr of points yielding an NxN matrix

for N members. The two members spatially closest are clustered (removed

and placed by a single point at the average of the clustered

respondent's coordinates). A second Iower-diagonal matrix is then

clustered as if it were a single point. The closest two member_ in this

new matrix are again clustered, and the process is iterated until only a

single cluster remains comprising the entire populationof respondents.

The clustering algorithm shown is our internal document "A Metric for

Consensus: Design and Calibration," which is included in Volume II of

this report.

Following the cluster analysis, each cluster (those first formed to the

final overall cluster) can be measured by the consensus metric: C-m-d

where C is the consensus score, m is the fraction of the population in

the cluster, and d is the dispersion which is computed by dividing the

radius of the smallest "sphere" which can contain the cluster by a

predeflned standard radius (Rmax) equal to 40% of the width of the

response scale times the square root of the number of dimensions in the

opinion space (Harvey & Kleder, 1993).
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Harvey and Kleder (1993) say that for the consensus metric to be useful

to group administrators, it must be presented with a descriptive of a

systematic method of interpretation. So, they provide interpretative

information to use with the metric. For example, The highest consensus

represents one of the followlng (Harvey & Kledir, 1993):

1. the consensus of the overwhelming majority of a population,

exclusive of a few outllers./

2. the consensus of the strongest (i.e., tightest and/or most

popular} subgroup in a fractlonated population;

3. the consensus of the few members that happen to be nearest

to each other in a widely scattered population.

In each case, the authors say, the highest consensus score represents

the Population's "veritable" consensus because it represents the degree

to which the population is banded together toward a uniform opinion.

The overall consensus score represents the degree of unity inclusive of

outllers, across factional boundaries, or among members of a dispersed

populatlon. Calibration and valldatlon efforts have begun and are

reported in both the documents identified above and attached in Volume

II of this report.

In Papers and Presentations, our results are reported in dozens of

conference papers, conference proceedings, and Journal articles. These

are contained in Volume II of this report.

Information Systems Studies

This research was concluded in grant year four.

In Papers and Presentations, our results are reported in dozens of

conference papers, conference proceedings, and journal artlcles. These

are contained in Volume II of this report.

'"= i H
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STUDY RESULTS= MILESTONE LISTINGS

For an effort as large as this grant, we used a numbering mechanism to

keep track of every_hlng. We also defined physical evidence to track

our progress. Sometimes we caused interim activities to end in physical

evidence just to track and evaluate progress. The physlcal evidence was

_he tangible results related to the milestones. Figures 10, 11, 12, 13,

14, and 15 are gantt charts that not only show the schedule for the
studies we worked on but also include the milestones we identified to

monitor our progress and show completions. We divided the time lines

for the gantt charts into quarters of the year. These are grant year

quarters. Therefore the first quarter of the first grant year i8 for

October through December 1988. F_gures 10, 11, 12, 13, 14, and 15

provide representative samples. We provided complete milestone lists to

each study manager quarterly in the quarterly reports.

To follow Figures 10, 11, 11, 13, 14, and 15 and to recall the studies
described in our discussion of each research domain, review the

following study list. The numbers identify each study. We assigned

numbers as we approved ecoping documents for each study. Therefore, the

number sequence was chronological within each major toplcal area. For

our own management practice, we used these numbers to identify each task

and milestone within every study. We also used the numbering scheme to

track costs so we could plan studies, allocate resources, track physical

evidence of progress, and determine actual costs. Within this numbering

scheme, we identified a "study" for managing and administering the grant

(what we just talked about) and a "study" for procuring the equipment.

The milestones for Direct Thesis and Dissertation Activities (101

numbers) are papers, presentations, theses, and dissertation

completions. Since all our papers and presentations are documented in

Volume II, we chose not to graph them as milestones.
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LISTING OF GRANT STUDIES

Studies and 8ubstudie8 as of the First Annual Performance Report = 21 studies.

(The parenthetical words refer to effort areas from Figure 2.)

Fundamental Research 4 Studies '

101.01 Consensus Library (Theory and Concepts}

101.02 Organizational Statics and Dynamics (Consensus Tools for

Methods)

101.05 Using NGT for Information Requirement8 (Consensus Tools for

Rules)

170 Conferences and Papers

Consensus Process Studies 11 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools}

201.02 Consensus Meetings (Consensus Methods)

201.03 Consensus Group 2 (Institutional) (Consensus Process}

Short-Term

250.01 Transition Management (Test Sites)

250.02 Continuous Information Transfer (Video) (Consensus Tools for

Rules)

250.03 Discrete Information Transfer (Modules) (Consensus Tools for

Rules)

250.04 Consensus Group 1 (WMRG) (Consensus Process}

250.05 Coordinating Information Transfer An Parallel Organizations

(Consensus Tools for Rules)

260 Five-Year Waste Plan (Test Sites)

270 Conferences and Papers

290 Networkiflg for Consensus (UME} (Test Sites)

Information Systems Studies ° Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Tools for

Rules}

Short-Term

350.01 WIN Interface Studies (Test Sites}

350.02 IDB/SWIMS Interface Studies (Test Sites}

350.03 A-106 Interface Studies (Test Sites)

350.04 RADTRAN Interface Studies (Test Sites}

370 Conferences and Papers
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LISTING OF GRANT STUDIES

Studies and substudies as of the end of the first grant year - 33 studies - 21

studies from First Annual Performance Report plus 12 new studies. (The

parenthetical words refer to effort areas from Figure 2.)

Fundamental Research 11 Studies

101.01 Consensus Library (Theory and Concepts}

New 101.02 Consensus Process Studies (Consensus Tools for Rules)

New 101.04 Consensus Paradigm Development (Frameworks and Models)

101.05 Using NGT for Information Requirements (Consensus Tools for

Rules) * CANCELLED

101.06 Organizational Statics and Dynamics (old 101.02) (Consensus

Tools for Methods)

New 101.07 Consensus Academic Plan (Frameworks and Models)

New 101.08 Consensus Case Study Research (Theory and Concepts}

New 101.09 Consensus Gathering Systems (Consensus Tools for Rules}

New 101.10 Consensus Group Dynamics (Consensus Tools for Rules)

New 101.14 Information Availability (Consensus Tools for Methods)

170 Conferences and Papers

Consensus Process Studies 15 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools)

201.02 Consensus Meetings (Consensus Methods)

201.03 Consensus Group 2 (Institutlonal) (Consensus Process}

New 201.XX Consensus Group 3 (Interagency) (Consensus Process)

Short-Term

250.01 Transition Management (Test Sites)

250.02 Continuous Information Transfer (Video} (Consensus Tools for

Rules)

250.03 Discrete Information Transfer (Modules) (Consensus Tools for

Rules)

250.04 Consensus Group 1 (WMRG) (Consensus Process}

250.05 Coordinating Information Transfer in Parallel Organizations

(Consensus Tools for Rules)

New 250.06 Nuclear Waste Transportation (Consensus Methods}

New 250.07 Regulatory Consensus Research (Land Disposal Restrictions)

(Consensus Tools for Rules)

260 Five-Year Waste Plan (Test Sites}

New 261.01 Five-Year Research and Development (Test Sites)

270 Conferences and Papers

290 Networking for Consensus (UME) (Test Sites}
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LISTING OF GRANT STUDIES

Information Systems Studies ........... 7 Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Tools for

Rules}

Short-Term

350.01 WIN Interface Studies (Test Sites)

350.02 IDB/SWIMS Interface Studies (Test Sites}

350.03 A-106 Interface Studies (Test Sites)

350.04 RADTRAN Interface Studies (Test Sites}

New 350.05 Environmental Restoration and Waste Management Data Base

(Test Sites}

370 Conferences and Papers
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LISTING OF GRANT STUDIES

Studies and substudles as of the Second Annual Performance Report - 40 studies

= 33 studies from end of first grant year, plus eight new studies, minus one

study cancelled. (The parenthetical words refer to effort areas from Figure

2.)

Fundamental Research .................. 13 Studies

101.01 Consensus Library (Theory and Concepts}

101.02 Consensus Process Studies (Consensus Tools for Rules)

101.04 Consensus Paradigm Development (Frameworks and Models)

101.06 Organizational Statics and Dynamics (old 101.02} (Consensus

Tools for Methods)

101.07 Consensus Academic Plan (Frameworks and Models)

101.08 Consensus Case Study Research (Theory and Concepts)

101.09 Consensus Gathering Systems (Consensus Tools for Rules)

101.10 Consensus Group Dynamics (Consensus Tools for Rules)

New i01.II Consensus Techniques (Consensus Methods)

New 101.12 Consensus Facilitators (Consensus Tools for Rules)

New 101.13 Consensus Scenario Generation (Consensus Tools for Methods}

101.14 Information Availability (Consensus Tools for Methods)

170 Conferences and Papers

Consensus Process Studies 18 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools)

201.02 Consensus Meetings (Consensus Methods}

201.03 Consensus Group 2 (Institutional} (Consensus Process)

201.XX Consensus Group 3 (Interagency) (Consensus Process)

Short-Term

250.01 Transition Management (Test Sites)

250.02 Continuous Information Transfer (Video} (Consensus Tools for

Rules)

250.03 Discrete Information Transfer (Modules} (Consensus Tools for

Rules}

250.04 Consensus Group 1 (WMRG) (Consensus Process}

250.05 Coordinating Information Transfer in Parallel Organizations

(Consensus Tools for Rules) _ COMPLETED

250.06 Nuclear Waste Transportation (Consensus Methods}

250.07 Regulatory Consensus Research. (Land Disposal Restrictions}

(Consensus Tools for Rules)

New 250.08 Site Specific Plans (Community Relations) (Test Sites)

260 Five-Year Waste Plan (Test Sites) * COMPLETED

261.01 Five-Year Research and Development (Test SAtes} * COMPLETED
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LISTING OF GRANT STUDIES

New 262 Five-Year Waste Plan Update (Test Sites)

New 263.01 Plan Update Process: ADS System (Teat Sites)

270 Conferences and Papers

290 Networking for Consensus (UME) (Test Sites)

Information Systems Studies 9 Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Too18 for

Rules)

New 302 P, B, and C Steering Committee (Test Sites)

Short-Term

350.01 WIN Interface Studies (Test Sites)

350.02 IDB/SWIMS Interface Studies (Test Sites)

350.03 A-106 Interface Studies (Test Sites} * COMP!_TED

350.04 RADTRAN Interface Studies (Test Sites) * COMPLETED

350.05 Environmental Restoration and Waste Management Data Base

(ERDB) (Test Sites)

New 360 Strategic Technology Processes (Test Sites)

370 Conferences and Papers
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LISTING OF GRANT STUDIES

Studies and oubstudieo as of the end of the second grant year - 37 studies =

40 studies from the Second Annual Performance Report, plus 2 new studies,

minus five completed. (The parenthetical words refer to effort areas from

Figure 2.)

,

Fundamental Research .................. 13 Studies

101.01 Consensus Library (Theory and Concepts)

101.02 Consensus Process Studies (Consensus Tools for Rules)

101.04 Consensus Paradigm Development (Frameworks and Models)

101.06 Organlzational Statics and Dynamics (old 101.02) (Consensus

Toolo for Methods)

101.07 Consensus Academic Plan (Frameworks and Models)

101.08 Consensus Case Study Research (Theory and Concepts}

101.09 Consensus Gathering Systems (Consensus Tools for Rules)

101.10 Consensus Group Dynamics (Consensus Tools for Rules)

i01.ii Consensus Techniques (Consensus Methods}

101.12 Consensus Facilitators (Consensus Tools for Rules)

101.13 Consensus Scenario Generation (Consensus Tools for Methods)

101.14 Information Availability (Consensus Toolo for Methods)

170 Presentations and Papers

Consensus Process Studies 17 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools)

201.02 Consensus Meetings (Consensus Methods}

201.03 Consensus Group 2 (Institutional) (Consensus Process} *

COMPLETED

20Z.XX Consensus Group 3 (Interagency) (Consensus Process) *
COMPLETED

Short-Term

250.01 EM Command Briefs (Test Sites) (old Transition Management)

250.02 Continuous Information Transfer (Video) (Consensus Tools for

Rules)

250.03 Discrete Information Transfer (Modules) (Consensus Tools for

Rules) * COMPLETED

250.04 Consensus Group 1 (EMRG) (Consensus Process) * COMPLETED

250.06 Nuclear Waste Transportation (Consensus Methods) * COMPLETED

250.07 Regulatory Consensus Research (Land Disposal Restrictions)

(Consensus Tools for Rules)
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LISTING OF GRANT STUDIES

250.08 Site Specific Plans (Community Relations) (Tent Sites) *
COMPLETBD

New 250.09 Waste Operations Emergency Preparedness (Test Sites) *
COMPLETED

New 250.10 EM Primer (Consensus Tools for Rules)

262 Five-Year Waste Plan Update (Test Sites) * COMPLETED

263.01 Plan Update Processs ADS System (Test Sites} * COMPLETED

270 Presentations and Papers

290 Networking for Consensus (UME) (Test Sites)

Information Systems Studies ........... 7 Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Too18 for

Rules)

302 P, B, and C Steering Committee (Test Sites) * COMPLETED

Short-Term

350.01 WIN Interface Studies (Test Sites} * COMPLETED

350.02 IDB/SWIMS Interface Studies (Test Sites} * COMPLETED

350.05 Environmental Restoration and Waste Management Data Base

(ERDB) (Test Sites) * COMPLETED

360 Strategic Technology Processes (Test Site}

370 Conferences and Papers
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LISTING OF GRANT STUDIES

Studies and substudies as of the Third Annual Performance Report - 27 studies

= 37 studies from the end of the second grant year, plus 3 new studies, minus

thirteen completed. (The parenthetical words refer to effort areas from

Figure 2.)

Fundamental Research .................. 14 Studies

101.01 Consensus Library (Theory and Concepts)

101.02 Consensus Process Studies (Consensus Tools for Rules}

i01.04 Consensus Paradigm Development (Frameworks and Models)

101.06 Organizational Statics and Dynamics (old 101.02) (Consensus

Tools for Methods)

101.07 Consensus Academic Plan (Frameworks and Models)

101.08 Consensus Case Study Research (Theory and Concepts) *

COI_LEI'ED

101.09 Consensus Gathering Systems (Consensus Tools for Rules)

101.10 Consensus Group Dynamics (Consensus Tools for Rules)

101.11 Consensus Techniques (Consensus Methods)

101.12 Consensus Facilitators (Consensus Tools for Rules)

101.13 Consensus Scenario Generation (Consensus Tools for Methods)

101.14 Information Availability (Consensus Tools for Methods)

New 101.15 Consensus Based Planning (Consensus Tools for Methods)

170 Presentations and Papers

consensus Process Studies ............. 10 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools )

201.02 Consensus Meetings (Consensus Methods)

Short-Term

250.01 EM Command Briefs (Test Sites) (old Transition Management} *
COMPLETED

250.02 Continuous Information Transfer (Video) (Consensus Tools for

Ru lee ) * COMPLETED

250.07 Regulatory Consensus Research (Land Disposal Restrictions)

(Consensus Tools for Rules)
• COMPLETED

250.10 EM Primer (Consensus Tools for Rules) * COMPLETED

New 250.11 EM-50 Integrated Demonstrations (Test Sites)

• COMPLETED

New 250.12 EM-40 Management Plan (Test Sites) * COMPLETED

270 Presentations and Papers

290 Networking for Consensus (UME) (Test Sites)
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LISTING OF GRANT STUDIES

Information Systems Studies ........... 3 Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Tools for

Rules)

Short-Term

360 Strategic Technology Processes (Test Site)

370 Presentations and Papers
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LISTING OF GRANT STUDIZM

Studies and substudies as of the end of the third grant year = 25 studies = 27

studies from the Third Annual Performance Report, plus S new studies, minus 10

completed. (The parenthetical words refer to effort areas from Figure 2.)

Fundamental Research .................. 14 Studies

101.01 Consensus Library (Theory and Concepts)

101.02 Consensus Process Studies (Consensus Tools for Rules) (moved

to Consensus Process Studies applied research section)

New 101.03 Environmental Trilogy (Frameworks and Models}

101.04 Consensus Paradigm Development (Frameworks and Models)

101.06 Organizational Statics and Dynamics (old 10i.02) (Consensus
Tools for Methods} * COMPIJrIMD

101.07 Consensus Academic Plan (Frameworks and Models}

101.09 Consensus Gathering Systems (Consensus Tools for Rules)

• COMPL/L"I_D

I01.I0 Consensus Group Dynamics (Consensus Tools for Rules)

i01.ii Consensus Techniques (Consensus Methods)

101.12 Consensus Facil£tators (Consensus Tools for Rules)

101.13 Consensus Scenario Generation (Consensus Tools for Methods}
• CONPLBTED

101.14 Information Availability (Consensus Tools for Methods)
• COMPED

101.15 Consensus Based Planning (Consensus Tools for Methods)
• COMPLETED

170 Presentations and Papers

Consensus Process Studies 4 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools)

201.02 Consensus Meetings (Consensus Methods)

Short-Term

270 Presentations and Papers

290 Networking for Consensus (UME) (Test Sites)

Information Systems Studies 7 Studies

Long-Term

301 Long-Term Overview Information Study (Consensus Tools for

Rules) * COMPLETED

Short-Term

360 Strategic Technology Processes (Test Site) * COMPLETED

New 530 Five-Year Plan Executive Summary Anlaysls (Consensus Tools

for Methods) * COMPLETED

New 540 MSLTRAK (Consensus Tools for Methods) * CA)MPLBTID

New 610 EM Hazardous and Sanitary Waste Program Background Reports
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New 710 WMIB Conceptual Design (Frameworks and Modelo) * CONPLIriMD
370 Pre|entationo and Pipers

I
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LISTING OF GRANT STUDIES

Studies and substud£es as of the Fourth Annual Performance Report = 22 studies

= 25 stud£es from the end of the third grant year, plus 8 new studies0 minus 5
completed. (The parenthetical words refer to effort areas from Figure 2.)

Fundamental Research .................. 9 Stud£es

101.01 Consensus Library (Theory and Concepts)

101.03 Environmental Trilogy (Frameworks and Models) * COMPIJ|TED

101.04 Consenlus Paradigm Development (Frameworks and Models)

101.07 Consensus Academic Plan (Frameworks and Models]

101.10 Consensus Group Dynamics (Consensus Tools for Rules)

101.11 Consensus Techniques (Consensus Methods)
• COMPLETZD

101.12 Consensus Facilitators (Consensus Tools for Rules)

• COI(PLFI_D

New 101.16 Personality Variables and Consensus (Consensus Tools for

Rules )

170 Presentations and Papers

Consensus Process Studies ............. 9 Studies

Long-Term

201.01 Management Analysis and Networking (Test Sites and

Management Tools )

201.02 Consensus Meetings (Consensus Methods)

Short-Term

290 Networking for Consensus (UME) (Test Sites)

New 510 EM Complex Modeling (Frameworks and Models}

New 640 EM-40 Strategy Retreat (Consensus Tools for Methods}

• COMPLETED

New 670 EM Exh£bit (Cons._nsus Tools for Methods)

New 680 Transportation Anlaysls (Consensus Tools for Methods)

• COIB]r,E'I_D

New 680 Consensus Measurement (Consensus Tools for Rules)

270 Presentations and Papers

Information Systems Studies ........... 4 Studies

Short-Term

610 EM Hazardous and Sanitary Waste Program Background Reports

New 680 Testing the EM Booklet (Consensus Tools for Methods)

New 680 Testing the EM Fact Sheets (Consensus Tools for Methods}

370 Presentations and Papers
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LISTING OF GRANT STUDIES

Studies and substudles as of the end of the fourth grant year - 13 studies -

17 iltudles from the Fourth Annual Performance Report, plus 0 new studies,

minus 4 completed. (The parenthetical words refer to effort areas from Figure

2.)

Fundamental Research .................. 6 Studies

101.01 Consensus Library {Theory and Concepts)

101.04 Consensus Paradigm Development {Frameworks and Models)

101.07 Consensus Academic Plan {Frameworks and Models)

101.10 Consensus Group Dynamics (Consensus Tools for Rules)

101.16 Personality Variables and Consensus {Consensus Tools for

Rules)

170 Presentations and Papers

Consensus Process Studies ............. 7 Studies

Long-Term

201.01 Management Analysis and Networking {Test Sites and

Management Tools) * COMPLETED

201.02 Consensus Meetings {Consensus Methods)

Short-Term

290 Networking for Consensus (UME) {Test Sites)

510 EM Complex Modeling (Frameworks and Models)

670 EM Exhibit {Consensus Tools for Methods)

680 Consensus Measurement {Consensus Tools for Rules)

270 Presentations and Papers

Information Systems Studies ........... 4 Studies

Short-Term

610 EM Hazardous and Sanitary Waste Program Background Reports *
COMPLETED

680 Testing the EM Booklet (Consensus Tools for Methods) *
COMPLETED

680 Testing the EM Fact Sheets {Consensus Tools for Methods) *
COMPLETED

370 Presentations and Papers
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LISTING OF GRANT STUDIES

Studies and substudiee as of the Fifth Annual Performance Report = 14 studies

= 13 studies from the end of the fourth grant year, plus 1 new study, minus 14

completed. (The parenthetical words refer to effort areas from Figure 2.)

Fundamental Research 7 Studies

101.01 Consensus Library (Theory and Concepts} * COMPLETED

101.04 Consensus Paradigm Development (Frameworks and Models) *
COMPLETED

101.07 Consensus Academic Plan (Frameworks and Models} * COMPLETED

101.10 Consensus Group Dynamics (Consensus Tools for Rules} *
COMPLETED

101.16 Personality Variables and Consensus (Consensus Tools for

Rules } * COMPLETED

New 101.17 Group Decision Support (Consensus Tools for Rules) *
COMPLETED

170 Presentations and Papers * COMPLETED

Consensus Process Studies 6 Studies

Long-Term

201.02 Consensus Meetings (Consensus Methods} * COMPLETED

Short-Term

290 Networking for Consensus (UME) (Test Sites} * COMPLETED

510 EM Complex Modeling (Frameworks and Models) * COMPLETED

670 EM Exhibit (Consensus Tools for Methods} * COMPLETED

680 Consensus Measurement (Consensus Tools for Rules) *

COMPLETED

270 Presentations and Papers * COMPLETED

Information Systems Studies 1 Study

Short-Term

370 Presentations and Papers * COMPLETED



143

First Year Study Results
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Figure 10. This figure shows our progress toward accomp1£sh£ng research

objectives within each domain during the first year.
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Second Year Study Results

Figure 11. This figure shows our progress toward accomplishing research

objectives within each domain during the second year.
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Third Year Study Results
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Figure 12. This figure shows our progress toward accomplishing research

objectives within each domain during the third year.
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Fourth Year Study Results
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Figure 13. This figure shows our progress toward accomplishlng research

objectives within each domain during the fourth year.
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Fifth Year Study Results
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Figure 14. This figure shows our progress toward accomplishing research

objectives within each domain during the fifth year.
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Fifth Year Extension Study Results
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Figure 15. This figure shows our progress toward accomplishing research

objectives within each domain during the fifth year extension.
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CON$BNSU8 PROCB88/LONO-_RN (2011

1 - Facilitate Environmental Restoration (EM-40) program manager's meeting

(Denver III}- 12/Q9188

2 - Deliver report on Denver III - _12116188

3 - Facilitate EM-40 program manager's meeting (Augusta} - 311S-16/8_

4 - Deliver letter report on cost assessment team meeting, Las Vegas - 5/02/89

5 - Attend State & Tribal Government Working Group (STGWG) -
7110-1118%

6 - Deliver EM-40 program manager's information workbook in Idaho - 7110-11/89

7 - Facilitate EM-40 program manager's meeting (Idaho) -
811-3189

COnm_Sus PROCSSS/SXORT-TS_ (250)

1 - Deliver results of transition fact sheet brainstorming session - 10120/88

2 - Deliver Experimental Consensus Tool for Continuous Information Transfer:
Defense Waste and Transportation Management (DWTM) Video - "DWTM - Meeting
the Challenge" - 2/23/89

3 - Deliver Experimental Consensus Tool for Discrete Information Transfer:

DWTM Modular Briefing - 3/0%/89

_nrOm_TXOX s_S_S/LOXe-_ZM C301)

1 - Deliver Management Systems Laboratories (MSL)/DWTM study report on

preliminary operations office findings - 2/28/89

2 - Deliver analysis of Low-Level Waste (LLW) manifest requirements - 3/22/89

3 - Deliver Information Systems Study (ISS) project update - 4/14/89

4 - Deliver DWTM Headquarters (HQ) waste information requirements document

planned outline - 5/%/8%

5 - Deliver ISS field visits - general findings - 5/9/89

6 - Deliver ISS HQ interviews - study findings to date - 5/9/89

7 - Deliver ISS briefing: Scope, Progress, and Plan - 5/12/89

8 - Deliver hazardous waste reference study information package - §/16/89



150

9 - Review draft of the ISS survey and data input forms - 8/08/89

10 - Deliver Information Systems Survey, Volume i, Waste Tracking System -

INFORMATION 8¥8TEN|ISHORT-_RM t3S0)

1 - Deliver RADTRAN initial findings - 10/13/88

2 - Deliver systems description and data input forms for hazardous and mixed

waste - 7/06/89

3 - Deliver LLW tracking system descriptions -

4 - Deliver data input forms for high- and low-level waste for Oak Ridge and

Nevada -

NaxaQ_ c901_

1 - Deliver first-year program plan -

2 - Deliver annual performance report for 10/88 - 9/89: "Research and

Development of Methods and Tools for Achieving and Maintaining Consensus

Processes in the Face of Change Within and Among Government Oversight

Agencies" - 612/8_
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SECONDTBAR 12'UDY UIULTIS ICET TO FZGIJ1UB 11

CQWSD|U|PROCIIIILOHO-'L'l|R,II(2011

8 - Deliver EM-40 program manager's information workbook in Sacramento -
10/15189

9 - Facilitate EM-40 program manager's Sacramento meeting - 11/17/89

I0 - Deliver EM-40 program manager's final meeting report in Sacramento -
12/33/89

11 - Deliver Waste Management oummlt fact sheet - I_

12 - Attend the State and Tribal Government Working Group - 3/30/90

13 - Facilitate the ER Program Managers' Meeting in Santa Fe - 5/23/90 I

14 - Send out report on ER Program Managers' Santa Fe meeting and discussion -

6/35/_0

CONS]m_HSU8 PROCESS/SHORT-TERN (2501,(2601

4 - Deliver information on site specific plans, Section I0 - Interactions to
Gale Turi - 11/I-2/89

5 - Deliver suggested outline for Environmental Restoration and Waste

Management (EM) slte specific plans - 1/2019Q

6 - Deliver draft EM information briefings for Waste Operations (we) and EM-40
- 1/29/90

7 - Deliver EM-40 information briefing, Version 1 -

8 - Deliver we information briefing, Version I -

9 - Deliver a draft of "A review of RCRA land disposal restrictions as related

to the U.S. Department of Energy's Environmental Restoration Program" -

2/20/90

10 - Deliver the EM-40 information briefing, Version 2 - 2/23/90

11 - Draft EM Management Plan Information - 3/27/9Q

12 - Deliver final draft of we briefings with photos to DOE for review - 4/II/90

13 - Deliver first draft of EM briefings to Technology Development for review -

4/12/90

14 - Deliver flea1 draft of ER briefings to DOE for review - 4/20/90
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15 - Review of RCP_ land disposal restrictions as applied to the U.S. Department
of Znergy's Environmental Restoration Program (second Draft) -

16 - Meeting at DOE Headquarters to discuss EH and HAZWRAPcomments to study of
LDR's -

17 - Incorporate EH and HAZWRAP comments. Sent updated study of LDR's tothe
field - 5/11/90

18 - Review of RCRA land disposal restrictions as applied to the U.S. Department
of Energy's Environmental Restoration Program (Final Document) - S/IS/90

19 - Deliver we briefings to DOE for final review -

20 - Deliver ER briefings to DOE for final review - 5/23/90

21 - Deliver for review we & Er briefs for Australian visit - 5/30/90

22 - Deliver ER & we Australian briefs - _/6/90

23 - Deliver ER & we briefs to DOE for production - 6/11/90

24 - Complete participation on FY 92-96 Five Year Plan Update -

25 - Deliver to DOE Headquarters the flrs_ draft of the EM booklet - 7/11/90

26 - Meet with DOE Headquarters to receive comments on the EM booklet - 7/20/90

27 - Dellver the EM-2 EM Booklet to Rich Aiken with headquarters' comments

resolved - 8/13/9Q

28 - Deliver the EM-2 EM Booklet to Paul Grimm for flnal review - 8/31/90

I_ORMATION 8ySTBMSlLONG-TBRN (301)

ii - Deliver DWTM/ISS project overview - I0112189

12 - Dellver data input forms for waste tracking - 12/23/89

MANAGEMENT (901)

3 - Dellver second-year program plan - 1213018@

4 - Dellver annual performance report for 10/89 - 9/90: "Research and

Develolxnent of Methods and Tools for AchieVing and Maintaining Consensus
Processes in the Face of Change Within and Among Government Oversight

Agencies" - 6/2/90

i i L



153

;OHqSUS pnocsss/ssonT-_lm (2s0_.(260_

29 - Deliver a draft of the DT&E Guidance Documents to (Office of Technology
Development) EM-55 for review - 10/01/90

30 - Deliver first draft of the Morgantown Energy "Technology Center (METC)
briefing to Michael 8aralnca -

3_,- Send the final draft of the EM booklet to Rich A£ken for final review by

Leo Dully and the Secretary -

32 - Dellver _TC briefing to Michael Sarainca with his comments incorporated -

33 - Deliver final METC briefing to Michael aarainca - 11/1/90

34 - Approval received on DOE site map and EM booklet is delivered to DOE Public
Affairs for production - 11/1%190

35 - Print EM booklet distributed to DOE-HQ and MSL from DOE Publlc Affairs -

36 - Distribute guide entitled "A Review of RC_ Land Disposal Restrictions as

applied to the U.S. Depertment of Energy's Environmental Restoration
Program" to the flald and to DOE-HQ - _/_

37 - Deliver to EM-55 an independent assessment of ISV technology program
development activities - ]L_

38 - Deliver the first draft of new fact sheets describing DOE's Environmental

Restoration and Waste Management for internal use and for communication

with the general public - 2/25/91

39 - Attend Stakeholders' meeting in Arlington and compile comments of the

breakout groups into issues to be addressed by Dully and within the Five-

Year Plannlng Process - 5/20/%1

40 - Meet with Anne Biscontl of the U.S. Council on Energy Awareness to learn

about its public opinion survey methods for commercial nuclear

organizations - %/16/%1

XN__TIOW S_S_n/S/X,ONq-TSmN (301)

13 - Meet with (Waste Operations) EM-35 to discuss regulatory Compliance

Tracking and reporting Systems Survey - _/6/91

14 - Deliver survey draft scoplng agreement to EM-35 - 3/15/%1

15 - Deliver survey final scoplng agreement to EM-35 - 3/22/%1
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Z_]!il_RNA_ION |YII'IDISlBEOI_-TI|iOI (360_.(§30_,tS40_,(610_.(720)

16 - Sent letter describing study to field offices -

17 - Receive list of contacts from field offices -

18 - Call field office contacts to schedule visit - 4/30191

19 - Complete field office visits - _

20 - Complete initial data assembly from field office visits -

21 - Complete clarification phone calls with field office contacts -

22 - Complete draft survey results and send to field office contacts -

23 - Receive comments on draft survey results from field office contacts -

MANAGIDGDIT (9011

5 - Deliver annual performance report for 10/90 - 9/91: "Research and
Development of Methods and Tools for Achieving and Maintaining Consensus

Processes in the Face of Change Within and Among Government Oversight

Agencies" - 3/29/91
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POUR'RH YIA]R S21TDT ]tlBBTTL,TSt K]BY TO FZQURB 13

¢ONSENgU| PROCBSS/SHORT-2']mN r290).(S10).(640),f670_,680_

41 - Review EM-30 preliminary configuration and deliver options for how we might
be useful to Coleman & Cowan - 10110191

42 - Test EM booklet on EM Internl - 10/24191

43 - Test fact sheets on MSL students - 11/11191

44 - Develop survey for and attend the Hazardous Materials Transportation

Workohop- 1_/13191

45 - First TIE Workshop, Survey instrument to aggregate data from different

meetings -

46 - Give presentation to Cowan & Gersteln on our idea of what we'd do with the

configuration Study and how it was tied to the PEIS -

47 - Meet with Steve Cowan to discuss survey of members of the publlc who

submitted questions to DOE - 1,1126191

48 - Analyze draft PEIS commitments and deliver to Bob Morgan and Gerstein -

t2110191

49 - Write background draft research report on risk research for Morgan, PEIS -

1211S/91

50 - Write Configuration Study overview and deliver to Gereteln - 12120191

51 - Write scope document for the Configuration Panel and deliver to Gersteln -
1110192

52 - Attend DOE Public Participation Workshop and National Science Foundation

Public Hearing to learn more about DOE audiences -

53 - Attend the Waste Operations Resource Allocation Support System National

Workshop to evaluate the review group's effectiveness in providing input

to meet WO'8 Support System development needs - ._/29192

54 - Form an academic panel for Configuration Study and summarize the first

initial questions for Gerstein - 211819_

55 - TIE Quarterly, Vol. I, No. i - 411/92

56 - EM-30 Configuration Study Academic Panel -

57 - EM-30 Configuration Study Academic Panel -

58 - Second TIE Workshop - 5/19/92

59 - TIE Quarterly, Vol. 1, No. 2 -
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60 - Develop modular exhibit design - 811192

INFORMATION 8YSTBMSlSHORT-TBRN (360),(530_,(540_,610),710_

24 - Complete data investigation and collection - 10/18/9,1

25 - Complete initial draft of Hazardous Report - 11/8/91

26 - Complete final draft of Hazardous Report - 12/2/91

27 - Receive and collect all outstanding data - 1/30/92

28 - Complete initial draft of Sanitary Waste Background Report - 2/21/92

29 - Complete final draft of Hazardous Waste Background Report - 3/6/92

30 - Provide computer text and graphics files to EM-351 for final Hazardous

Waste Background Report - 3/10/92

31 - Receive comments on initial draft of Sanitary Waste Background Report -

3/11/92

32 - Complete final draft of Sanitary Waste Background Report - 3/20/92

33 - Provide computer text and graphic files to EM-351 for final Sanitary Waste

Background report -

mU_AODm_T(90!)

6 - Deliver annual performance report for 10/91 - 9/92: "Research and

Development of Methods and Tools for Achieving and Maintaining Consensus

Processes in the Face of Change Within and Among Government Oversight

Agencies" - 3/30/92



157

CONSENSUS PROCl_SS/SHORT-TERN f290),(510).(640).(6701.680)

61 - Design audience selection tool - 10/31/92

62 - TIE Quarterly, Vol. 1, No. 3 - 11/1/92

63 - Third TIE Workshop - 11/17/92

64 - TIE Quarterly, Vol. 2, No. 1 - 3/1/93

65 - EM-30 Stakeholder Analysis Report - 6/10/93

66 - EM-1 Strategic Planning Retreat - 7/8/93

67 - EM-1 Strategic Planning Retreat - 9/9/93
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FSPI"B YEAR BZTBNSZOlt 8'1'1;DY RESULT8I KIY TO FIGU1_ 25

CONSENSUS pRgCBBB/BHOR2-_RN (290), (S101, (640_, (6701,6801r

68 - Deliver Office of Management and Finance 1993 Plannlng Retreat Report -

10122193

69 - Deliver Strategic Plannlng Benchmarklng Study - 12/15/93

HANAGENENT (901)

7 - Build£ng Consensus and Improving Decision Quality: A Handbook for Managers -
3130194

8 - Building Small Group Consensus: A Literature Review - 3/30/94 (actually

delivered 6/30/94; 90 days after grant end date)

9 - Meeting Facilltationz A Practical Guide for Running Effective Meetings -
3/30/94

i0 - Deliver annual performance report for 10/91 - 9/92: "Research and

Development of Methods and Tools for Achieving and Maintaining Consensus

Processes in the Face of Change Within and Among Government Oversight

Agencies" - 3/30/94 (actually delivered 6/30/94; 90 days after grant end

date}
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RESOURCES AND GRANT MANAGEMENT

SUMMARY

Accomplishing the proposed research objectives required a five-year,

six-month project period at a total cost of $9,783,193. MSL is

experienced at conducting large research efforts and applied proven

management techniques to this significant effort. The budget reflects

the considerable commitment from the faculty, staff, and students at MSL

and from contributing faculty.

The Principal Investigator and MSL Research Faculty maintained a

reasonably constant contribution throughout the grant period. To

satisfy the criteria of the technical approach, we purchased, installed,

and operated research equipment.

GRANT MANAGEMENT STRUCTURE

As previously discussed, the research efforts were divided into three

domains (fundamental research, consensus process studies, and

information systems studies). We defined studies within each domain.

Each study was assigned a DOE study manager for technical direction and

an MSL study manager. The quarterly report reviewed the scope, status,

milestones, and budget for each study. A copy of all quarterly reports

and grant deliverables was provided to the DOE Consensus Grant technical

manager.

A DOE Consensus Grant Steering Committee made sure the academic results

of the grant were achieved. The DOE Consensus Grant Steering Committee

members, the DOE Consensus Grant technical manager, and the MSL

Consensus Grant manager met each quarter. This quarterly review focused

on evaluating the overall grant academic progress and was structured to

review and evaluate our progress in meeting the grant and topical area

objectives. The DOE Consensus Grant technical manager maintained copies

of the quarterly reports. The topical areas were evaluated for

applicability, appropriateness to the research efforts, and overall

priority.

MSL tracked and allocated resources (personnel and budget) both at the

"study" level and one level deeper, the "task" level. Personnel and

budget data from our internal accounting system were provided to the DOE

study managers (who control their own budgets) and the DOE Consensus

Grant Steering Committee members (who control allocation of funds to

studies). This information was used to control and focus the research
efforts.
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EQUIPMENT

First Year

Because of the fortuitous events, we focused on teat sites and consensus

groups during the first grant year. Therefore, we delayed our design

and procurement for the information gathering and cormnunicatlons

laboratories. We spent very llttle money because we rearranged our

priorities to take advantage of a target opportunity.

Second Year

As in the first grant year, opportunities for observing and

participating in consensus groups during the second grant year resulted

in spending less equipment dollars than we anticipated. We expect to

begin organizing our communications laboratory before the end of the

second grant year.

Third Year

During the second grant year, we had unanticipated heavy personnel and

travel expenditures because of our work on the Five-Year Plan. We

delayed buying equipment until the third year of the grant. The first

half of year three was spent scoping out our equipment needs.

Fourth Year

We continue to adjust our equipment expenditures as the fiscal demands

of personnel and travel continue to be greater than expected. We have

completed our equipment acquisition plan and continue to maintain it

with respect to the latest in available technology. Several items have

been procured and have proven valuable in our data collection efforts.

We'll initiate the purchase of the remaining critical components

necessary to support the conceptual modelling of EM in year four as

funds permit.

Fifth Year

We finished acquiring the equipment necessary for the conceptual

modeling of EM. The total amount of equipment expenditures was less

than originally expected, and was offset by higher personnel and travel
costs.

FINANCIAL

First Year

One of the outcomes of the fortuitous events we keep referring to is the

Five-Year Waste Plan. Due mostly to that effort and less to efforts on

the presidential transition and networking, we spent the funds on our

budget line items differently than planned. We don't believe we can yet
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evaluate the full extent the impact of the Five-Year Waste Plan will

have on our budgeting.

We overspent personnel and travel and underspent equipment as well as

the UME subcontract. Thls change didn't lessen the importance of

equipment and the UME subcontract, but reflected the opportunity of the

culture change toward consensus. Next year and possibly in future

years, we expect the reverse shift from the budget in our proposal. For

example, we plan to implement our equil_nent acquisition next year.

Second Year

The second year budget includes the proposed amount and the carryover

from the first year. The focus on consensus and the Five-Year Waste

Plan has created demands beyond what was budgeted for Personnel and

travel. If demands continue for several months, we may need to request

some equipment dollars be liquidated to cover increased costs on these

budget llne items.

Third Year

The third year budget includes the proposed amount and the carryover

from year two. We requested and received Permission to liquidate

equipment funds planned for the second grant year to cover heavy

personnel and travel expenditures incurred during our work on the Five-
Year Plan.

During the third year, we submitted to DOE our request to reallocate

funds for the remainder of the third grant year to purchase equipment.

Fourth Year

We didn't receive the total funds proposed for year four. In addition,

the unanticipated demands of personnel and travel in year three resulted

in a slightly negative carryover. As a result, we've had to reduce some

of our study efforts and prematurely close out several studies.

Fifth Year

The remaining budgeted funds were received for year five. Additional

studies approved in year four generated a negative carryover into year

five. These funds were received at the end of year five and a no-cost

extension was granted to finish several studies.



APPBNDIX

Oraduato gtudents Performing Consensus
Grant Related Research for

Advanced Degrees

Student Degree Bffor_ Area Orant-yr Status
star_ed

D.M. Brubaker MS Consensus Tools 1 finished

for Methods July 1991

B.H. MS Theory and 1 changed

Glickstein Concepts degrees

D. Mercer MS Theory and 1 changed

Concepts degrees

E. O'Sullivan MS Consensus Tools 1 changed

for Rules degrees

J. W. Polk MS Consensus Tools 1 finished

for Rules July 1991

E. V. Shrock MS Consensus Tools 1 changed

for Rules degrees

M. Grunau MS Consensus Tools 2 finished

for Rules December 1991

J. F. Keeling MS Consensus Tools 2 finished
for Methods December 1991

J. Moore PhD Consensus Tools 2 changed

for Methods grants

J. L. Petereon MS Test Sites 2 finished

June 1991

C.M. Walsh MS Consensus Tools 3 finished

for Rules March 1993






