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_:_:_ DISCLAIMER

" _ This report was prepared as an account of work sponsored by an agency of the United States
-'_ '_'_ Government. Neither the United States Government nor any agency thereof, nor any of their "_"- Z

': ¢o _._. employees, makes any warranty, express or implied, or assumes any legal liability or responsi- r'-

,• ¢:: bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or ¢f_

-,"-._ process disclosed, or represents that its use would not infringe privately owned rights. Refer- :l_, _,_, _ ence herein to any specific commercial product, process, or service by trade name, trademark, r,o

"_ manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- o_

__ mendation, or favoring by the United States Government or any agency thereof. The views 4_
• _

and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof. _f_
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R&D Prioritization and Resource Management for Technology Selection

Marilyn J. Quadrel and Kim M. Fowler
Pacific Northwest Laboratory(a)

ABSTRACT

This paper presents a decision approach, and associated computer software
tools, for prioritizing and selecting amongtechnology development activities.
The approach elicits and then summarizes technology development preferences
from stakeholders, and then integrates preferences into a set of funding
recommendations. By formalizing the technology review process, the decision
approach builds consensus and clarifies the basis for final budget decisions.
The software development was conducted jointly by Pacific Northwest Laboratory
and Decisions Science Associates, Incorporated. The Underground Storage Tank
Integrated Demonstration funded the task; however, the approach should also be
valuable to the U.S. Department of Energy Office of Technology Development,
the Office of Waste Management, and the Office of Environmental Restoration.

INTRODUCTION

In planning a fiscal year program, the Underground Storage Tank Integrated
Demonstration (UST-ID) uses decision analysis techniques to help prioritize
technology development needs and to evaluate proposals submitted to meet those
needs. These techniques are useful for providing a comprehensive and
consistent basis on which to evaluate proposals, recording both the funding
decisions and the basis for those decisions, and providing a starting point
for future program reviews. Pacific Northwest Laboratory (PNL) staff and
Decision Science Associates, Inc. extended and codified the general decision
analysis approach into computerized decision support tools. The tools assume
that the funding program has selected its program focus (responding to clearly
prioritized needs), has released a request for proposals, and has received
multiple proposals in return.(b) The task now is to determine which of these
proposals to fund and howmuch to spend on one technical area, such as
characterization, visa vis others, such as retrieval, processing, or
disposal.

This paper presents two decision support tools and a general decision approach
useful for making initial technology development funding decisions. The first
tool, a Prioritization Tool, combines evaluations of individual proposals from
multiple perspectives into a comprehensive benefit score and produces
candidate rankings for proposals based on benefit or on a benefit cost ratio.
The second tool, a Resource ManagementTool, combines the evaluations of
proposals from one technical area with evaluations of proposals from the other
technical areas to help generate a funding portfolio for an entire technology
development program.

a) PacificNorthwestLaboratoryis operated for the U.S. Departmentof
Energyby BattelleMemorialInstituteunder ContractDE-ACO6-76RLO1830.

b) The generalmcthodologypresentedhere can also be used to prioritize
technologydevelopmentneeds prior to a requestfor proposals.



The overallobjectiveof these tools is to promotetechnologydevelopmentthat
is technicallydefensible,broadlyaccepted,and cost-effective. The tools
are intendedfor use with guidancefrom a facilitator,but they can be used by
anyone familiarwith basic spreadsheetsoftwaresuch as Excel or Lotus 1-2-3.
The softwaredescribedin this paper can be understoodas a series of prompts
for informationneeded in the steps underlyingsystematicdecisionmaking.
The PrioritizationTool promptsfor the following:

- the set of independentperspectivesdesiredfor review (e.g.,technical,
regulatory,industry,institutional)

- criteriaby which to evaluatesingle proposalsfrom each perspective
(whatthe technologydevelopmentprogramwants its funded technologies
to accomplish)

- weights for these criteria (whichare automaticallynormalized)

- evaluationsof each proposalagainstthe criteriaby qualifiedreviewers

- cost data for fundingeach proposal,includingcost profilesover a 5-
year period

- the set of proposalsrecommendedfor fundingat the lowest,medium, and
higher fundinglevelswithin a technicalfundingarea (referredto as
minimal, recommended,and enhanced"technologypackages").

The ResourceManagementTool promptsfor the following:

- criteriaand weightsfor evaluatingtechnologypackagesacross funding
areas (whichmay differ from individualproposalevaluationcriteria)

- evaluationsof the technologypackagesby a technologydevelopment
programmanageror programadvisorygroup.

The tools updateand summarizethis informationto producecandidate
prioritiesamong proposals,firstwithin a single technicalarea and then
among technologypackagesacross technicalareas. The basis for these
prioritiescan be changedby the users to performsensitivityanalysesor to
explorealternateprioritizationstrategies.

The tools do not make decisionsnor do they providefinal recommendations;
their value is as adjunctsto a well-plannedfundingprocesswith multiple
decisionmakers or reviewersinvolvedin differenttechnicalareas. The

initial candidate rankings that they produce may be co;_sidered a first step ,_>
toward developinga recommendedtechnologydevelopmentprogram. The _ _,_'_
PrioritizationTool makes this first step explicitb__r(_,orc_Q_r_clj_n_and .,,,
summarizing the criteria weights and evaluations of_t_kehold__nd then '_
recording the changes that expert reviewers may make'-to_that-Tnitial ranking
to formulate logical sets of proposals to be funded at different concurrent
funding levels. Similarly, the Resource ManagementTool documents the basis
for distributing funds across technical areas, based on input from the first
tool.



PROBLEMDESCRIPTION

This paper addresses two issues that, while not unique to technology
development, may be particularly problematic for making technology funding
decisions. First is the issue of budget planning. In times of increasingly
tight budgets and public scrutiny of program decisions, managers are being
asked to better articulate the benefits of the technologies they develop and
to balance these benefits against their cost. These benefits may be difficult
to clarify, especially in the initial stages of development and especially
when technical experts are divided regarding a technology's potential. In
these situations, programs must be sure that they have systematically reviewed
all of the critical performance parameters, incorporated key (and potentially
conflicting) perspectives, and documented how they have traded these off to
make final decisions. The decision process presented here provides a
mechanism for accomplishing each of these steps. In addition to clarifying
the basis for initial decisions, the product of this process provides a means
for re-allocating budgets when funding levels change during the course of the
development program without reconvening experts and expending significant
additional resources.

A second, related issue has to do with stakeholder involvement. The general
issue of public involvement has received a great deal of emphasis within the
Department of Energy. However, the question of how to effectively do public _finvolvement has received much less attenti,__g_q. This paper presents one model
for involving different perspectives inca budget planning exercise. While
the application focuses on technology development budgets, the underlying
model is general: elicit the values from key perspectives (weighted criteria),
provide a vehicle for these to be expressed (evaluations), and then
incorporate these into an overall analysis. The tools described here do not
address how these perspectives should be selected or how their evaluations
should be elicited (e.g., through focus groups or using representative
reviewers), and the analysis process does not replace other kinds of public
involvement activities. The tools can, however, be used in conjunction with
other activities to ensure that stakeholder inputs are not just heard but are
systematically tracked, documented, and formally incorporated into the
decision process. The stakeholders to involve and their level of involvement
is determined by the program, based on its needs.

The software tools are described in general terms in the following sections.
These descriptions are meant to illustrate both the tools and the more general
decision model that underlies them. A more complete and fully illustrated
description of their application within an integrated demonstration or
integrated program is provided in Quadrel, Chinnis, and Ulvila (1993).

TECHNOLOGYPRIORITIZATION

The decision analytic process is described in terms of the information the
computer software tools require to function. The Prioritization Tool helps to
evaluate proposals within a single technical area (e.g., characterization).
To do so, it prompts multiple reviewers for their evaluations of how well
research and development proposals address different criteria. Reviewers may
represent different perspectives (e.g., technical, regulatory, industry, or
eventual users), and each perspective may be represented by different
criteria. The perspectives and criteria are not fixed and may be specified



for differentapplications,either by the programmanager or by the
reviewers/participants.The tool consistsof three parts: 1) individual
evaluations,2) summaryevaluationsfrom differentperspectives,and 3)
combinedevaluationsacrossperspectives.

IndividualEvaluations

The first part of the PrioritizationTool records,combines,and processesthe
resultsof individual,reviewers'evaluationsof proposalsagainsta set of
evaluationcriteria. These criteriamay be providedby the reviewersat the
time of the evaluationor determinedahead of time by the program,with or
without input from the technicalreviewersor other stakeholders(SeeMcCabe
(1992)for one approachto elicitingcriteriafrom stakeholders). Detailson
how to define and scale decisioncriteriacan be found in Quadrel, Chinnisand
Ulvila (1993);a more generaland detaileddiscussionis providedin Keeney

(199_)_"The tool combinesthis information,using a modified additivemulti-
attributeutilityprocedure (vonWinterfeldtand Edwards 1976). The review
processproceedsas follows.

First, scores for the proposalare assessedagainstthe criteriaby separate
technicalreviewers(as many reviewerscan be used as is practicaland
helpful). Selectedcriteriacan be expandedinto subcriteriafor more
detailedevaluations. For example,in the UST-IDprogram, the technical
reviewerswanted to give detailedattentionto the extentto which proposals
addressedone or more technicalneeds, which were establishedby Hanford's
Tank Waste RemediationSystem (TWRS). Each need was presentedas a separate
criterion(in situ chemicalcharacterizationand tank integrityare two
examplecharacterizationneeds) and each criterionwas weighted by its
priority (also establishedby TWRS). These weightedvalueswere then rolled
up to give an overallvalue for a singleneed criterion;this need criterion
was subsequentlyweightedagainstother technicalevaluationcriteria:
technicalfeasibility,expectedperformance,timeliness,and deployability.
An example summaryof a technicalevaluationdata sheet for one proposal is
shown in Figure 1.

PLACE FIG. 1 here.

Second,an overallweighted-averagetechnicalevaluationis calculatedfor the
proposalby taking the sum of the productsof all technicalcriteriascores
and normalizedcriteriaweights. For all assessments,the responsesof each
individualreviewerare recorded;however,calculationsare made on the
averagesof individualresponses. In application,averagingshould occur only
after differencesof opinionsare discussedand reviewersare given the
opportunityto modify their assessments,especiallywhen ranges are high. (To
facilitatethis process,a range is automaticallyproducedfor each criterion
per proposal,showingthe extent to which reviewersdisagreed.)

This evaluationprocessis repeatedfor each additionalperspectiveincluded
in the review. One or more regulators,industryrepresentatives,end users,
or public stakeholdersmay participateusing criteriaestablishedfor their
particularobjectives/concerns.



P93-035: In-situ tank analysis: in-situ sampling and analysis in Hanford waste tanks

Short Title: In-_itu tank analysis
Tracking No./TTP No./Org.' P93-035 NEW PNL

Technical Reviewers' Evaluations

Criterion IIABcIXYZ I I Avg Iaange
Technical need See detail below 45

Multiple needs 25 30 27,5 5

Technical feasibility ..... 50 10 30 ........40
Performance 25 25 25 0
Timeliness 50 10 30 40....

Dep!oyability ' 25 25 25 0
Multiple measures 40 0 20 40

Application to industry 40 40 0

Capabili,tY of proposing organization 0 0 0
Adequate approach and understand problem 20 25 22.5 5

Developmentcost ($K) .... 10£) 100 0

Capital layouts for hot deployment ($K) ....150 1 50 0

Overall evaluation 50 85 67.5 35

Need IScaledIIABCIXYZI I IAvg Ierod
"1.01 : in"situ chemicai char. ;i oo 1 50 25 37.5 37.5

1.02:meas phy & rad prop,retrieval 90 0.9 50 50 45

i'03:gl0bal mapping & modeling 60 0.6 .. 30 30 18
1.04: tank integrity 85 0.85 0 0 0
1.05: remote control end effector 78 0,78 0 0 0

,,,, ,,,.

Other need #1 35 0.35 0 0 0,,,. ,,.

Other need #2 35 0.35 0 0 0

,.. .. ,,,,,,,

Total 100.5
II I I

Figure 1. Example Technical Evaluation Data Sheet



SummaryEvaluations from Different Perspectives

The second part of the Prioritization Tool combines the individual technical
assessments into a technical summary for each proposal. The software allows
the technical evaluations of all proposals to be viewed on a summary page that
includes a full identification of each proposal, its average score on each
criterion (averaged across reviewers), its calculated weighted-average
evaluation (overall technical benefit score), and its assessed costs. This
allows a decision maker to review, in one place, most of the data that
contribute to the evaluations of all proposals.

This part of the Prioritization Tool, also contains similar summaries of
analyses of proposals from industry, regulators, and other stakeholders and
produces a summary of the funding profiles for all proposals. Five-year cost
estimates used in the tool would generally come from the proposers and should
be subject to an independent cost analysis or review. These are recorded and
summarized along with the overall scores for each proposal, providing
important information regarding the multi-year funding profile of each
proposal. Later these estimates can be used to explore cumulative out-year
profiles of the final technology packages.

Combined Evaluations Across Perspectives

The third part of the Prioritization Tool is a combined evaluation of
proposals. This part summarizes data from other parts of the tool and allows
an exploration of the implications of various funding decisions. Information
displayed for all proposals includes proposal identification, a total
evaluation that combines technical with other stakeholder evaluations,
component details of the total evaluation, and cost profiles. The total
evaluation is determined from a weighted average of the technical and other
stakeholder evaluations. The weights used in this calculation can be readily
modified in order to perform sensitivity analysis (e.g., by weighting
regulatory and technical reviews more or less heavily relative to other
perspectives).

The evaluation summary data, described above, also describe cumulative cost
profiles (i.e., cost profiles implied by funding down a ranked list of
proposals). The summary data are seen as the primary decision-aiding tool,
and it can be used to examine the implications of various prioritization
methods (e.g., based on total evaluation, based on total evaluation divided by
total cost, or based on alternate evaluations determined by changing weighting
schemes). These implications include the cumulative cost profile generated by
funding any number of top-priority proposals. This part also includes a space
that can be used to record additional comments related to the proposals (e.g.,
reviewers comments on outstandingly good or bad criteria scores). Finally,
users may record a "user-specified" priority for each proposal based on their
review of candidate rankings. The user-specified priorities form the basis
for recommending technology packages at different funding levels as described
below.

After reviewing alternate rankings, participants may assign priorities from
anywhere in the proposal list to build a set of technology packages. The
packages should be logical groupings of technologies (technologies that
can/should be funded concurrently). For example, if all top-ranked proposals



addresshydrogensensors,but the funder has decidedthat both hydrogen
sensorsand on line processmonitorsneed to be funded,then reviewersmay
need to dip down in the rankingto find a good proposalthat addressesprocess
monitoring. Similarly,if it makes no sense to fund a hydrogen sensorwithout
a deploymentmechanism,anotherlower-rankedproposalmay be funded. The
mechanismfor identifyingthese final recommendationsis left open. The UST-
ID relied upon its technicalreviewteam, using inputs from the completeset
of evaluations. This allowedtechnicalexpertsto decidewhat proposalsmade
sense to fund concurrentlyand which could be added on with additionalbudget,
based on the underlyingtechnicallogic and testingprocess. Packageswere
built for what technicalexpertsconsideredminimum, recommended,and enhanced
fundingpackages. These fundingpackagescomprisethe input data to the
ResourceManagementTool, discussednext. The packagesprovidea means for
relayingthe underlyinglogic to upper managementand ensuringthat the final
technologyprogramis inherentlysensible.

RESOURCEMANAGEMENT

The ResourceManagementTool aids in the allocationof resourcesacross
technicalareas within a program. The primaryobjectiveof this tool is to
provideupper level managerswith a means for allocatingbudget across
technicalareas. At this point, programmanagersare not evaluating
individualproposals;instead,they are tradingoff the prioritizedtechnology
packagesbuilt by expert reviewers. In this sense,the technologypackages
providethe "buildingblocks"for final programrecommendationor decisionand
thus serve to reinforcethe technicaland stakeholderinput that they reflect.
Becauseexpert technical,regulatory,and other input is already reflectedin
the technologypackages,the criteriafor prioritizingpackagesacross
technicalareas may be more programmatic(e.g.,schedulefor completed
products,commercializationopportunities).The ResourceManagementTool
consistsof two parts: 1) informationand evaluationacross technicalareas
and 2) combinedanalysis.

Evaluations Across Technical Areas

The first part containsinformationon individualtechnicalareas, including
descriptionsof recommendedtechnologypackagesfor the technicalarea at
differentbudget levels. This could includea listingof proposalsand their
suggestedlevels of fu,lding(and fundingprofiles)at each of several
differentbudgets (e.g.,minimum,recommended,and enhanced). For each
package,informationcan also be providedon how the packageaddressesthe
program-levelcriteriato be used in this step. (This informationcan be
developedin the initialpackagingstep if those who build the technology
packagesare providedwith a list of the resourcemanagementcriteriaand
weights.)

First,the programevaluator(s)assess scoresagainstthe criteriafor each
level of funding,using the suppliedtechnologypackagedescriptions. Next,
the evaluator(s)assess relativeweightsof the importanceof the criteria,
using the same weights acrossall technicalareas. The tool then calculatesa
weighted-averageevaluationfor each level of fundingthat is comparable
across technicalareas. The tool also summarizesthe weighted-average
evaluationsand fundingprofilesfor all levels of all technicalareas.
Figure2 shows a page from the UST-ID resourcemanagementevaluation.



Proposalsare listedalong the bottom,with their recommendedfundinglevels
for the minimum, recommended,and enhancedtechnologypackages (in the 3rd,
4th, and 5th columns). The programlevel criteriaare listed above that grid,
to the left, with their respectiveweights. Scores for each package against
these criteriaare providedin the next four columns,startingwith zero
fundingfor the entire set and moving througheach of the fundinglevels.

PLACE FIG. 2 here.

CombinedAnalysis

The second part of the ResourceManagementTool calculatesand displays
severaltypes of output to assist in final budget decisions. The most basic
output shows the order in which technologypackageswould be added to the
program (fromdifferenttechnicalareas)with an increasingoverallbudget.
This order is determinedto maximizethe benefitof the funded program (the
weighted-averageevaluationof each package)subjectto constraintson the
fundingbudget. From this order, the best allocationof any given budget can
be determined. One or more budget levelsmay be specified,and the tool
determinesand displays how this budget shouldbe allocatedacross the
technicalareas, and what technologypackagesare "pickedup" from each
technicalarea. Figure3 shows the basic output displayedas a cost-benefit
curve;the "efficientfrontier"of this curve shows the most cost-effective

L set of packagesfrom all technicalareas for any programbudget. In addition,
to suggestan initialallocationof responses,this output indicateshow the
programmight be changedif budgetschangedduring the year.

PLACE FIG. 3 here.

The tool also providesoutput showinghow each technicalarea impactseach
criterionat each budgetallocation. With properlyspecifiedcriteria,this
can show how differentbudgetsaffect such thingsas each technicalarea's
level of industryinvolvementor testingschedule. The final type of output
shows the implicationsof trial solutions. Trial solutionsare user-specified
allocationsindicatedby choosinga fundinglevel for each technicalarea
(e.g.,$5 million for characterization,$2 millionfor retrieval,$8 million
for processing,and $5 millionfor disposal). The tool uses this information
to determinea better allocationthat does not exceed the cost of the trial
solution. The tool shows, for both the trial solutionand the better
allocation,the amount of fundingfor each technicalarea, the overall
evaluationof the allocation,and the impactof each technicalarea on each
criterion.

DISCUSSION

The softwaretools developedfor the UST-ID do not replacegood fiscal year
planning. Insteadthey requiregood planningby promptinga technology
developmentprogramthrougha planningprocessthat can includestakeholder
involvement. The tools offer some advantagesover other available
prioritizationschemes:

- accommodatesvariouslevelsof stakeholderinvolvement

- assertsupper managementcontrolbut preserveslower level
recommendations



i,

ELEMENT 2 NAME: Characterization

Funding Level Name: Zero Minimum Recom'd Enhanced
FY93 $0 $2,587 $3,887 $6,927
FY94 $0 $2,636 $3,598 $5,971
FY95 $0 94,004 $6,376 911,477
FY96 $0 $2,636 $3,433 $5,684
FY97 90 $0 90 $0

Total 90 $11,863 917,294 $30,059

Criterion Wt NormWt
Tech merit 10 0.18 0 60 75 100

Spin-off 5 0.09 0 50 70 100
EM 30 need 10 0.18 0 55 75 100
Mult sites 8 0.15 0 55 70 1O0
Demonstrat'n 10 0.18 0 55 75 100

Disruption 7 0.13 0 50 75 100
Tech dev't 5 0.09 0 60 70 100

Overall Ben: 0.00 55.27 73.36 100.00

• Enter any explanatory text below:

Figure 2. Example Program Element Information Sheet

BENEFIT VS COST FOR EFFICIENT ALLOCATION

100 _.'3-. 4Cl°sure:3"4

80 ._haracteriz'n:3-4

__ /CT'CIosure:1-2

_ 60 /_haracteri z'n:2-3

o:=_ SLow Level :1-3
•_ []" Retrieval :2-3

× 40 /_e
_: trieval:1-2

20 /_ Characteriz'n:l-2

Separation:l-2

0 I I I I I I I

0 5,000 I0,000 15,000 20,000 25,000 30,000 35,000

Total Cost ($000)

! I i I ! I I I
Figure 3. Example Frontier Graph



- allowscriteria and weightsto change as needed

- incorporatesjudgements(or data) from a broad range of sources

- uses "on line" in the course of a workshop(s)or can be used in
off line analysesafter the appropriateinputs have been elicited

The softwaretools most basic benefitis the organizationthey bring to a
broad and diverse set of planningactivities,which includethe elicitation
and summaryof stakeholdertechnologydevelopmentpreferencesand integration
of those preferencesinto a flexibleset of fundingrecommendations.
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