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Abstract

The decision process for technology projects often includes a financial return on
investment (ROI) analysis. This is a well-known and established process thathas
widely used in the private sector. A modified version is the cost benefit anallgib, is/
used in the public sector. Both of these processes use the time value of moneys which i
where an issue arises. In order to perform a return on investment or costdeadgéiis,
all current and future data has to be stated in present value cash. This id tefagre
economic accounting.
Quantifying technology projects in terms of future dollars can be verguliffMany
technology projects will have a significant impact on the overall marketosddual
product lines, so that the current models of expense and revenue will no longer apply.

In the public sector, the problems are further compounded. Here, many cash
impacting items such as interest, depreciation, and taxes are not appliba&bfEoject
looks for an alternative way to evaluate technology in the public sector byngjuldg
applicability of defining, ranking, and predicting outcome measures. This method is
intended to be an alternative or adjunct to the cost benefit process. A process ds define
that will show the value of a new technology using expert elicitation. With expert
elicitation, the probability of successful outcomes is calculated. Usingroa&ctied to
strategic goals, the decision maker can assess the probability of hoardgfagiization
will be impacted. The project also looks at the relationship between centralgloples
goals and those of the local organization. This project uses the National Informati

Exchange Model 2.0 (NIEM 2.0) rollout as a case study.
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Chapter 1 Introduction

Statement of the Problem

The decision process for technology projects often includes a financial return on
investment (ROI) analysis. This is a well-known and established process thathas
widely used in the private sector. A modified version is the cost benefit analsit is
applicable to the public sector. Both of these processes use the time value qf money
which is where an issue arises: in order to perform a return on investment or cbst bene
analysis, all current and future data has to be stated in cash. This requiresmeajos
drawback when evaluating technology projects. Many times technology prbgact a
significant impact on the market, such that current models of expense and revenue no
longer apply in the future.

In the public sector the problems are further compounded. Here, many cash
impacting items, such as interest and depreciation on taxes are not apmicabéecost
benefit analysis is used. Simply stated, the cost benefit analysisujptils cost and
benefits of a project in terms of current dollars. In addition to the issue thiz all
benefits have to be quantified in dollars, another issue is that the benefits alistexic
wherever they accrue. This means that one public agency can incur the cestnethler
public agency reaps the benefits. This makes matching the cost and benefits in a budget
process almost impossible. One agency will request funding for a project whareithe
budget reduction will be applied to a different agency. This situation also occurs in the
private sector where corporations operate in silos with autonomous divisions or

departments. At some level in a private entity these groups come together aistba dec



is made across these boundaries for the benefit of the owners, however, thag eequire
significantly large project.

The public version of capital planning, cost benefit analysis is also oftereckfe
to as Economic Accounting. Cost benefit analysis took firm root in the federal
government when President Reagan signed Executive Order No. 12291, which called for
all federal agencies to commit to cost benefit analysis (Sunstein 2002peDeéit is
loosely modeled after the capital planning tools of net present value and ind¢enai
return used in the private sector. One feature that all three have in commatrthey
use discounted cash flows. While this has some applicability in the private sector i
much more difficult to work with in the public sector.

Later, Congress passed, and President Clinton signed, the Government
Performance and Results Act of 1993 (GPRA). This law required Federal agencie
develop strategic plans for how they would deliver high-quality products and seiwice
the American people (Artley, Ellison, and Kennedy 2001). Cost benefit was mathta
and strengthened under President Clinton with the issue of Executive Order No. 12866
when the administration focused on reinventing government (Sunstein 2002). Only
recently has a greater deal of attention been given to using performarmmaests a

strategic planning tool.

Organization of the Document
This document is organized with an introduction in Chapter 1, a literature review
in Chapter 2, research goals and hypotheses in Chapter 3, research methods in Chapter 4,

findings in Chapter 5 and conclusions and recommendations in Chapter 6.



Background

This work is being done at the Integrated Justice Information Institi®) ddd
the Department of Engineering Management and Systems EngineetiteggSchool of
Engineering and Applied Science at The George Washington UniversgysIdinon-
profit organization supported by private company membership and the Department of
Justice to promote information sharing between justice agencies, such as law
enforcement, courts, and prisons at the federal, state, local, and tribalndked.rble,
I1JIS was the originator of the Global Justice Exchange Data Model (GJXBWDM is
the predecessor of the National Information Exchange Model (NIEM 2.0), whicd is
test case for this paper. The Department of Justice has given IJISktbédaseloping
the outreach program for NIEM 2.0, and the institute is looking at performansamsa

along with cost benefit analysis, as tools to help in this effort.

Purpose

On May 15, 2007, the Federal Office of Management and Budget issued
guidelines for improved program assessment ratings (Office of Mareagamd Budget
Program assessment rating tool guidance no. 2007-03 2007). In these guidelines
increased emphasis was placed on outcomes. With outcomes now being a key element of
a project’s performance, it is logical that a method be developed to use thieilgyobi
successful outcomes in the decision-making process.

Performance measures were also defined in hearings held by the Uniésd Sta
House Judiciary Crime Sub-Committee Crime Summit held on June 22, 2007. @ategor
were defined as: output measures, outcome measures, and efficiency sn€asie

measures and efficiency measures are areas where typical cdtdmatgsis may be



appropriate (Center for Society Law & Justice and Texas State Wiyw2008). When
organizations are required to provide a cost benefit analysis as part of tifesajien

for a capital expenditure, these are primarily the areas where theyotfagag. Outcome
measures are much more difficult to quantify in dollars and, where they can be

guantified, the savings are seldom to the same organizations that incur the cost.

Significance

When evaluating technical proposals, dependence on financial projections and
measurements can create many issues. Decision makers are often forcetktavide
data that cannot be verified. It is very difficult to audit the return on investmesdsor
benefit analysis years after a project has been implemented, however, auditmge
performance is usually a much simpler task. Another issue is that cost bealyisa
and return on investment analysis quantify outcomes using the current value of money. |
is not clear whether all benefits reduce in value simply because thieythes out in
time. Discounting cash to current value is an appropriate technique, but it isandhate
benefits which are not normally quantified as cash should be treated in the aame w

If we estimate the dollar value of a thirty-five-year-old person at $500,000 today,
then saving their life would have that value. If a project that saves the liféhiofyafive-
year-old person every year, should the value of the person saved 10 years from now be
reduced by an arbitrary discount rate?

Perhaps the most significant thing about using performance outcomes in the
decision- making process is how it uses the compatibility of the project with the

organization’s mission and goals.



Scope and Limitations

This study is limited to the applicability of outcome predictions in the public
sector. Application to the private sector would present different challenges andl lsboul
an area of future study. Private entities may not be willing to have outsidesexpert
evaluate strategic projects, and the use of internal experts could velgageid a
uniformity that would not be acceptable. Private entities also have a point wikeend
benefits come together at some decision maker in the organization. This isays tile
case in the public sector especially when different branches of governmeicdved.

For this study the National Information Exchange Model Version 2.0 (NIEM 2.0)
has been selected as a test case. NIEM 2.0 was developed as a follow up to the Global
Justice Exchange Data Model (GJXDM), developed by the 1JIS Institut®) RI&is not
software, but a knowledge management tool for tagging data with a common taeta-da
structure. NIEM 2.0 was selected because it has a number of positive atribute

1. It was developed by a central authority, but must be implemented by local
agencies.

2. ltis new technology.

3. Cost of adoption will be incurred by the installing agency, but both the
installer and other agencies will reap the benefits.

4. A statement of outcomes produced by the central authority may or may
not be consistent with the desired outcomes of the installing agencies.

5. The benefits may or may not reside in the same agency as the cost.

6. There is a high level of conditional probability for successful outcomes.

This study limits the outcomes to those applicable to law enforcement agemties

thus, the experts used will be from the law enforcement field. A separate setarhesit

will be needed to perform the process on courts and prisons. The ability to customize

this process, for specific agencies, is viewed as a benefit.



Chapter 2 Literature Review

A review of the literature on this topic yields a great deal of matenmal. A
overview of the literature by Henriksen and Traynor (1999) sort’s decision
models and methods into the following categories:

1. Unstructured peer review;

2. Scoring;

3. Mathematical programming, including integer programming, linear
programming, nonlinear programming, goal programming, and dynamic
programming;

4. Economic models such as internal rate of return, net present value, return
on investment, cost benefit analysis, and option pricing theory;

5. Decision analysis, including multi-attribute utility theory, decisioedre
risk analysis, and the analytical hierarchy process;

6. Interactive methods, such as Delphi, Q-sort, behavioral decision aids, and
decentralized hierarchical modeling;

7. Atrtificial intelligence, including expert systems and fuzzy sets;

8. Portfolio optimization.

Areas covered in this study are strategic capital budgeting, expé#tigic
performance outcomes and the National Information Exchange Model (NIEM 2.0).
Under capital budgeting, the literature is split between strategic chpdgkting, capital
budgeting for technology and cost benefit analysis. Expert elicitation exkhdeview of
elicitation, Bayesian models, calibration and weighting, scenario anahgithe Delphi
method, the Analytical Network Process and the Classical Method. Sources include
reviewed journals, books, and government publications. Two types of sources are
especially abundant in material: the Institute of Electrical andralacs Engineers’
IEEE Journal of Engineering Managememtd several published books on expert

elicitation. Information on performance outcomes and the NIEM 2.0 comes tyimar

from government publications.



Strategic Capital Budgeting

Strategic capital budgeting is defined as the process tdatvey and selecting
long-term investments that are consistent with an organizatioals ¢Gitman 2008). In
the private sector the primary decision tool for capital budgetingtisn on investment

analysis. In the public sector it is cost benefit analysis. Both tools ares#iddusre.

Return on Investment
Return on investment (ROI) has been a major decision-making tool for decades. It

is at the core of most courses on corporate financial management and comlaiiges
part of every text. There are three methods in popular use to calculate theeROI
present value, internal rate of return, and payback. Any good undergraduate text on
managerial finance will define these three measures as follows:
1. Net present value is a capital budgeting technique found by subtracting the
projects initial investment from the present value of its cash inflows dismbant

a rate equal to the firms cost of capital.

2. Internal Rate of Return is a capital budgeting technique where the disdeunt ra

equates the net present value with O.

3. Payback is the amount of time required by a firm to recover its initial investme

in a project. As calculated from cash inflows (Gitman 2008 59).

Net present value and internal rate of return rely on discounted cash flow.
Discounted cash flow is a function of the time value of money. There are four basic
models of the time value of money. The first is the future value of money, which
calculates the value in the future of a dollar invested today. The second is tiné prese
value of money, which calculates today’s value of a dollar received in the future. The
third is the future value of an annuity, which calculates the future value ota eéri

investments. The fourth is the present value of an annuity, which calculates &m curr

value of a series of future payments.



The mathematical equations are presented in both (Gitman 2008; Ross,
Westerfield, and Jordan 2007) and are widely published within the finance community.
WhereFV, is the Future Value at timg P\jis the Present Value at tinGeFVA s the
Future Value of an AnnuitfpVAis the Present value of an Annuitys the discount
rate, and is time.

Equation 1: Future Value of $1 at the end of t pedds

FV = (1+r)

Equation 2: Present value of $1 to be received afteperiods

PV =1/(1+r)

Equation 3: Future Value of an Annuity of $1 per peiod for t periods is

FVA; = (1+k) -1
r

Equation 4: Present Value of an Annuity of $1 per priod for t periods is

PVA= 1- [1/(1+k]]
r

Using the time value of money, both the net present value and internal rate of
return are calculate as follows: Whe&Eyis the cash flow of the investment at tiGe
CF; it the future cash flow at poittk is the discount rate, anBR s the estimated
internal rate of return.

Equation 5: Net Present Value
NPV = ¥I_(CFt / 1 +k)y) — CFg
Equation 6: Internal Rate of Return:

NPV =¥T_,(CFO / 1+ IRR)¢) — CFp

Other techniques used in capital planning include average accounting return and

the profitability index. The common definition for the average accounting retthia is



average net income divided by the average book value. Profitability index mehgures
benefit per unit cost, based on the time value of money. A profitability index of 1.1
implies that for every $1 of investment, we create an additional $0.10 in value (Ross,
Westerfield, and Jordan 2007). These techniques, however, are much less used and are
not relevant to this discussion.

Of interest to this study, is the fact that all the methods use dollars as the
guantifying measure, and all, (with the exception of payback), use discounteeash fl
The concept of discounting cash flows, takes into account the fact that a dollar today is
worth more than a dollar received a year from now, or for that matter, aninttine
future (Ross, Westerfield, and Jordan 2007).

When used in the private sector, there are a number of issues with each of these
capital-planning techniques. Common to all, is risk, which is to be dealt with in two
ways. First are the macro risks a firm has, which include overall economy, Isusines
cycles and competitors. The second set of risk includes cost elements anibpsojéct
number of tools are used to help manage risk, including scenario analysis andtgensiti
analysis. Scenario analysis examines changes to the net present value umeet ciféh
flow scenarios, such as best/worst case. Sensitivity analysis shamg®&ariable at a
time, and the impact of the change to the final solution is measured by identifyittg w
variables have the greatest impact (Ross, Westerfield, and Jordan 2007).

Other methods for dealing with risk include, adjusting the discount rate witk a ris
factor, which is a form of “What If” analysis, or using Monte Carlo simulationetp

determine unknown cost. When comparing one project against another, these techniques



work well when making a standard set of assumptions, but for single projectsIthey sti
leave an element of risk.

Monte Carlo theory has long been applied to capital planning as a way to deal
with risk. Golden and Golden defined the process idtluenal of Information Systems
in the spring of 1987, with their paper “Beyond “What IF” A Risk Oriented Capital
Budgeting Model.” Monte Carlo is applied by taking each of the elements armingal
that there is a 50% chance that the estimate is high and a 50% chance that it is low
Sensitivity analysis is the “What IF,” where elements are changest teisat the impact
to the outcome is. By applying standard Monte Carlo techniques with random number
generation, a probability distribution is generated for each cost elementillh
produce a final net present value within a given range at whatever percéetageision
maker uses, 90% to 95% is standard (Golden and Golden 1987).

Another method that deals with risk is portfolio theory. A portfolio is a collection
or group of assets. Portfolio theory states that adding assets to a portfolio zeaximei
return for a given level of risk. Assets are correlated with a statisteasure of their
relationship and correlation is either positive or negative. When negativelated
assets are added to a portfolio, the result is called diversification. Seetg a®e
uncorrelated and adding these assets will reduce risk, but not as effectiadlyireg
negatively-correlated assets (Gitman 2008).

Equation 7: The expected return of a portfolio withweighted assets
E(Rp) = x1 (E(R1)) + x2 (E(R2)) + ... + xn (E(Rn))

Portfolio theory has been primarily used with financial assets, such as atwtcks
bonds. Recently, portfolio management has started to find some favor in the European

public sector.
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In a Gartner report, Andrea DiMaio reviews the idea of portfolio investment ldrtited
Kingdom Criminal Justice Information Technology (CJIT). The portfolio istetehy
assessing each potential project. Projects are funded through the CJIT buddehemly i
have cross-organizational value, can demonstrate a positive return on inveB@ignt (
and can meet a minimum standard for attractiveness and achievability riforie
projects that are under way should be completed only if they are on time and within
budget (DiMaio 2005). While this process does not diversify risk by diversiiicati
does create a portfolio by defining criteria for assets to be added tath®e gr

The idea of portfolio diversification was used by Stephen Jenner at the fOffice
Criminal Justice Reform (CJIT). Here IT portfolios are segmentedcetiegories:
Mandatory, Strategic, Business Support, Experimental, Infrastructaiatevance, and
Cross-organizational. Investments in these categories can be mandgad wit
diversification model (Jenner 2007).

While it is a positive step in managing capital in a public environment, the
portfolio approach used by CJIT continues to rely heavily on return on investment
analysis. There are a significant number of issues that arise fromattisularly when
dealing with technology projects. Not the least of which is the availabflihigh value
projects which will fit the portfolio model.

Because these private sector tools deal with relevant cash flow and casitaif c
they are not directly applicable to the public sector. Relevant cash flownsdiet the
cash flows that will occur only if the project is accepted. These cashdiensalled
incremental cash flows. Among the relevant cash flows a private sedtgrhastto

consider are depreciation and taxes. Depreciation itself is a non-cash eapense
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consequently, it is only relevant because it affects taxes (Ross, Widtenfid Jordan

2007). Neither of these elements, however, are a cash flow for the public entity.

Capital Budgeting for Technology
Capital budgeting evolved over the years as a tool for larger fixed assets.

Constructing new plants, buying new equipment, and investing in new lines of business
all have reasonably well-defined flows of cost and income. Decisions wédketieasto

the long-term strategies of the business. Investments in technology bengraty new

set of complications to the process and will be discussed here.

In his work, “Capital Budgeting in Information Systems Development,” author
Kar Tam finds that capital budgeting, in fact, has little impact on informaysterss
investments. These findings are based on a survey of 134 senior information sy8jems (I
personnel and management. The author found that when capital budgeting is used for
technology, simple techniques such as payback period and cost benefit are preérred ov
more sophisticated discount cash flow models (Tam 1992).

In this study, the cost benefit analysis discussed does not take into account the
time value of money and thus, becomes almost a mirror of the payback method. Tam split
his survey into two groups: a user group and a non-user group. The user group consisted
of people who described themselves as “always or very often” users of Ihitorma
Technology (IT); the non-user group was the balance. The result was a 51.5% to 48.5%
split in the population. The results were based on a scale of O to 4, with 4 being
unimportant. When asked about the use of net present value in evaluating IT projects,
users responded with a rating of 3.84, while non users had a rating of 2.88. Internal rate
of return was almost identical, with users giving a rating of 3.92, and non-users 2.80. By

contrast, when asked to rate the information system project selectioractismis gave
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operation efficiency a score of 1.88, and non-users a score of 1.84. Strategic value was
the strongest selection criterion with a user rating of 1.56, and a non-user rating of 1.44.
The conclusions presented were that capital budgeting techniques were used, but had
little impact on the evaluation of IS projects, strategic value was the mpsttant
criterion (Tam 1992).

The question of technology investments is also addressed by Thatcher and Pingry,
in their article “Modeling the IT Value Paradox.” They find that the seanchfvalue
has been mixed. Many companies continue to make IT investments in the dark, without
any clear understanding of the strategic or financial impact. Theyiadsthét there is a
growing body of evidence to show that IT has become a commodity and has no real
impact on the strategy of a firm. They study the impact of IT on two typesr: fihe
monopoly and the competitive firm. Interestingly, they find that for a monopoly,
investments in both design and production can increase profits while decreasing
productivity (Thatcher and Pingry 2007). The reason for this is the added comgiexity t
new technology will bring to the production while the improved product will generate
additional profits. When considering the monopolist position of most government
agencies, the findings add more complications to the cost benefit analysis. Loss of
productivity due to added complexity needs to be offset by increases in customer
function, which is very difficult to quantify.

For a firm in a competitive market, investments in design or productivity, may
increase or decrease the firm’s profits. The findings indicate that thisd¥elaegely on
the type of products that a firm produces. A firm with highly differentiated pteduc

enjoys substantial market power, enabling it to leverage its IT ineasti firm with
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highly substitutable products has less market power. Since IT is a commodiay leviai
all firms, investment in IT will not give them an advantage over their congetiti
(Thatcher and Pingry 2007).

Linking IT investments to business metrics has long been a problem. Smith,
McKeen, and Street (2004) propose a business metrics program that considers how the
business uses IT. They find that IT investments have not always delivered thesbenef
expected. Efforts to link IT investments to financial performance havel faiéd
therefore, different business metrics are needed for IT (Smith, Nicléed Street 2004).

Technology, including IT, has an impact on an organization’s financial
performance. The disputed issue is whether the impact is positive or negativehelere
authors propose three different types of measures. The first, are entegamaes,
which tie the work of technology directly to the performance of the organization. The
second are functional measures, where technology is tied to operational peréoamanc
employee satisfaction. The third are project measures, where technahoggsared to a
particular project team (Smith, McKeen, and Street 2004). It should be noted, that the
authors mention only the project measures that would be included in business cases. In
considering this article’s relevance for this project, one must askwihna-financial
metrics are needed, then how can investments, be justified solely on adlitascs?

This is one argument for outcome measures that are tied to strategic objecthe
private sector.

In their article, “A Performance Evaluation Framework for a Public Unityer
Knowledge Management System,” Kleist, Larue and Peace look at the psakitm

applying standard capital budgeting techniques to knowledge management technology at
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a public university. They claim that knowledge management is one of the mmstdiff
technologies in which to measure performance, because of the intangible nature of
institutional knowledge. They add to this the problem that a university’s goealsas
educating students, raising graduation rates, and enhancing institutiotigeps not
necessarily include increasing the organization’s bottom line (KleifltakVs, and Peace
2004).

They also point out that the literature on IT evaluation is split into two camps:
gualitative and quantitative. Qualitative measures include a strict sdesfsuch as
hurdle rates and expected returns, while quantitative measures includgcstrate
advantages or future opportunities. They suggest that evaluation measuretotaken c
the impact level of a firm may be a better measure of IT impact whessasg
performance impact. They describe a model, in use at the West Virginia $ityivirat
attempts to map both qualitative and quantitative factors into a spectrum raognipé
operational level to the aggregate level (Kleist, Williams, and Peace.2004)

It is not clear from this research how well this spectrum would adapt outside a
university environment, but it does attempt to solve a very real problem. Perfermanc
outcome probability tied with a cost benefit analysis, attempts to achieventieegeal.

At best, the literature up until this point indicates a need for a multitariter
decision tool. This idea is proposed by Componation, Sadowski, and Youngblood in their
article “Aligning Strategy and Capital Allocation Decisions: A Cagssl{g’ (2006).

Here, the authors find that as of March 2006 there have been many articlesencern
with the various merits of Multi-Criteria Decision Analysis (MCDA) ahd theoretical

approaches. However, there is very little that has been produced involving real
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applications. In fact, at a conference on MDCA XIV in Charlottesville, Virgithiare
was no submission that met the criterion of describing a real situation well eoceaym t
the prize in that category (Componation, Sadowski, and Youngblood 2006).

The authors’ experiment is designed to determine if the corporate stahtigyr
subject company is resulting in a consistent set of priorities for capitatimeat. They
also evaluated whether or not the use of an MCDA tool will be viewed as a good method
for improving capital investment decisions. They ranked the attributes used for
investment comparisons and found that there was a divergence of opinion on their
applicability. This indicated that the company’s strategy is not resultiogrisistent
investment decisions. On the use of an MCDA, they found that multiple alternatingees we
more likely to be performed internally within one division. It was rare thagstment
alternatives across divisions were viewed together. The conclusion was tleadmehi
decision maker viewed the MCDA tool as useful, most felt it did not enhance the
decision-making process. One of the biggest faults is that the use of numetiealfoal
subjective data can be misleading (Componation, Sadowski, and Youngblood 2006).

This study has a lot in common with the current process in the public sector,
where agencies operate in silos and there is an attempt to quantify subjeetividhdat
authors did recommend additional research once the subjects were made mae famili
with MCDA, as well as a more controlled study.

The final question is, should a return on investment analysis even be done on
technology projects? This question is addressed by Mogollon and Raisinghaii in the
article “Measuring ROI in an E-Business: A Practical Approach.” Theoagifiresent

reasons why a return on investment analysis should be done and why it should not. They
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suggest that because a return on investment analysis is an imperfectioalanid the

time and energy are not worth it, an analysis should not be done in this technology area.
The return on investment analysis is usually positive in E-Commerce applicatbons

there is no need to calculate it. They conclude with the observation, that siilae si
companies may already be using the technology, they justified it so there sdio o

it again (Mogollon and Raisinghani 2003).

One reason why an analysis should be done is that the return on investment
process will help determine metrics. Once the return on investment for one [@oject
calculated, it is easier to do so for other projects. Lastly, the return on innésimadysis
will provide a sense of which E-Commerce applications produce the best antd fastes
results. The results of their survey summarize the situation. They rectiggli £
Commerce applications need to be implemented quickly and do not want to spend too
much time searching for data needed for the analysis. They also mtuati E-

Commerce investments are substantial and risky and need to be reviewed (Mogollon and
Raisinghani 2003). Interestingly, Mongollon and Raisinghani never argue that the
company will increase its value by returning more than the cost of capitial .t

public sector, it appears that a tool predicting the probability of successfahmgaenay

also be well suited for technology investments in the private sector.

Cost Benefit Analysis
Cost benefit analysis first came into use as a tool for the United States

Government under President Nixon when “Quality of Life Reviews” were titia
President Ford continued interagency reviews and added an initial step toward cost
benefit analysis when he asked the Council on Wage and Price Stability to review

regulations and their effects on inflation. President Carter built upon Ford'slprécby
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establishing the Regulatory Analysis Review Group. When President Regged si
Executive Order No. 12291, which called for a commitment by all federal iagenc

cost benefit analysis, the commitment to cost benefit was finally mad@rdbess was
endorsed and strengthened by President Clinton, who required agencies to assess both
cost and benefits and to proceed only when the latter exceeded the former (Sunstein
2002).

In his paper, “Cost Benefit Analysis in Theory and Practice” (2001), Ggdfirgston
provides a thorough overview of the cost benefit process. His process incigdetefis:
Determine scope and objectives,

Identify constraints.

Identify alternatives,

Identify cost and benefits and
Calculate net present value (Kingston 2001).

agrwnE

Of primary interest here are steps four and five where cost and berefits a
identified and net present value calculated. Kingston states that equipmetiretrand
land must be included in the quantification of cost. He also states that public land should
not be treated as free land. He goes on to state that benefits can be @& stangt¢éhe
“Consumer Surplus Technique,” which is the relevant demand under the public demand
curve. This, however, presents the problem of estimating the public demand curve
(Kingston 2001).

Kingston modifies the net present value word missing in the equation for cost
benefit. Unlike capital planning, (where all costs are incurred in time p@yidere cost
can be over a period of time. HBequals the benefits and C equals the costs. The rate

and time continue to be represented aadt. The internal rate of return is the discount
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rate that produces a zero net present value. The fact that, with cost spreadeyvars

could be unobtainable is not considered here.
Equation 8: The Cost Benefit Equation
NPV =3 (Bt—Ct/ 1+ k)t)

In his paper, “The Economic Analysis of Regulation: A response to the Critics,”
author Robert Hahn defends cost benefit analysis. He identifies five keybatintis
that the regulation of economic analyses has made to the overall understandmagl of s
policy. They are: providing useful information on the effectiveness of regulatdiges,
setting the stage for smarter regulation, developing new research indeyrekoping
new techniques to assess the quality of regulation, making the regulations more
transparent and holding regulators more accountable, and not being anti —regulatory
(Hahn 2004).

Unfortunately none of Hahn'’s perceived benefits address what he idertifles a
major critiques of cost benefit analysis, which include, discounting benefits, anti-
regulatory bias, use of ex-ante estimates, qualitative benefits, and reusitnesults
(Hahn 2004). He offers responses to these critiques and believes that the output of cost
benefit analysis is still valid. | believe that a review of two of thedigees and his
responses leaves this question unanswered.

Hahn states that the discount rate is critical in cost benefit analysig. &Jower
discount rate will produce more acceptable projects, since the future benéfimeia
greater current value. Hahn argues that under President Clinton, the Office of
Management and Budget recommended a 7%discount rate. This was within the same
range, (3% -7%), as the discount rate under President Bush, and is the approximate

opportunity cost of capital for private investment (Hahn 2004). The problem here is, of
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course, that the governmen not making private investments and there is nonessor
to use this as a discourte for public investments.

Hahn goes on to say that using a discount ratestmdnt future benefits and cc
is a justified and widelyccepted component of economic analysis. He pourtthat ¢
dollar consumed today is worth more than a doltersaned next year. This is corre:
but he does not answer the question of what tleodig rate is and if different rat
should be applied to different benefits. The baangple to illustrate this is the questi—
what is the value of a human life? Is life of a thirty-five-yeareld person worth mor
this year than the life of a thi-five-year-old person next year?

In his article, Hahn tries to addrethis issuewith the table shown belovn Table
1 we see th&action of regulations thavould pass a cost benefit analysisvarious
discount rateswith different values of statistical life. Forample, with a life valued ¢
$5 million and a 5% discount rate, 43% of the ratjahs would pass a cost ben:

analysis. The table is based on 1Cgulations (Hahn 2004).

Table 1 Varying Rates of Statistical Life and the DiscouhRate on Regulations Passing Cost Bene
Analysis.

Discount Rate [
1% 3% 5% 7% | 9%
$1m 38% 38% 37% 36% I 35%
$3m 41% 41% 41% 40% | 40%
VSL| $5m 43% 43% 43% 42 % - 42%
$7m 43% ! 43% 43 % 42% 42 %
$9m 45% ' 45% 43% 42 % ‘ 42%

Hahn points outhat the chart shows that the rais between 35% and 45
based on which scenat®used. He correctly states thasitogical that as the value
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future benefits increases and the discount rate decreases more reguiatilohigass. If
we assume that human life should not be discounted, that a thirty-five-year-old person’s
life is worth the same in three years as a person who is thirty-five gkebtoday, then
many more regulations would pass. Unfortunately, Hahn uses this data to make the
wrong argument. He tries to show that the discussion over which discount rate is used is
not really significant, but instead shows that the real issue is the use of a diat®unt r
where it is not appropriate.

The problem occurs when you apply economic values to non-economic benefits,
this is also true other components like IT. Is the value of a clean riv#r {gss in five
years than it is today? Proponents say that if you discount the future valuegitizes
that the dollars saved in the future are worth less than the dollars spentfttiuayisithe
case, then should the future benefits not be inflated to reflect their futur@ viall@tion
would be much easier for the government to estimate than its cost of capital. Tlss proce
today has us pricing the value of a thirty-five-year-old in five years ataime value that
we price one today, and then reducing it by discounting it back to today, but not adjusting
the future value for inflation.

The soundness of cost benefit analysis is also reviewed by Nick Hanley and Jason
Shogren, in “Is Cost-Benefit Analysis Anomaly Proof?” (2005). Here, the auttsmissdi
what they call behavioral anomalies, made when cost benefit analysisielappl
regulations made in the environmental area.

Most relevant to this project is the anomaly they call willingness to payrjwT
verses willingness to accept to compensation (WTAC) for a given change uptig of

a public good. The authors make the case that, when dealing with public benefits, there i
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a significant difference between the two. If households have a right to ttiegeris

higher level of environmental quality, then the WTAC estimate for preventindiaelec

in the environmental quality should be used. Alternatively, if households are deemed not
to have a right for higher environmental quality, asking the WTP is defendable.iJhere
general agreement among applied economists that if one measured both thedVTP a
WTAC, one would obtain significant answers (Hanley and Shogren 2005). The authors
argue for the use of the WTAC, but given that there are two viable alternéaiesill

produce a different cost benefit analysis, the entire process is questionable.

The second area that the authors consider is an anomaly called ‘information
problems.” Another question is raised: exactly how well informed are the peapude be
asked to quantify benefits? There are actually two questions here about irdorinadv
well are the people informed and how well are the questions framed, the authens pres
two opposing views on how people will develop the information they need to respond.
The first, is that everyone has a well-defined set of preferences fgthengrthey might
be asked. The second is that people will build a range of preferences based on the
guestions. Here the authors propose a solution for what they term the ‘uncedgpinty g
Rather than just “yes for sure” answers, they allow “yes maybe” angMantey and
Shogren 2005). Unfortunately, the cost benefit analysis is based on the capital budgeting
process in the private sector. What the cost benefit analysis is asked to do is to @roduce
hard number that shows that the benefits outweigh the cost. In the private sector many
steps are taken to eliminate or reduce uncertainty, rather than add to it.

Finally, the authors discuss hypothetical market bias. . Here they look at the

possibility that people will respond one way, but that they would never commit to the
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cost of implementation. That is to say, they will say they want clean watereonot
willing to give up what they need to in order to achieve it (Hanley and Shogren 2005).
The authors’ solution to this anomaly is to simply explain to respondents what the
problem is with this. While this may work, they offer no way to document that it does. |
this article a fair number of issues are raised with the cost benefisenaiut no real
answers are provided. As will be shown later with expert elicitation, respans

verified and calibrated. There is no attempt to do that here.

In the article “Benefit-Cost Analysis: A pedagogical note” by E. @dhem the
University of South Carolina, the presumption is that there are issues with tibewcest
analysis, but that the process is relatively non-controversial when usedlgo@eben
points out that despite all the difficulties with cost benefit analysis, the tamgor
advantage is that it does force those responsible to quantify cost and benefitshaes/bes
can. He goes on to state that a project selection made under any ride sengitive to
the social rate of discount used, but the real difficulty is measuringsheficbenefits
(Cohn 2003). Cohen does offer a viable solution for one issue that he raises, and that is
the problem of having no ranking mechanism under the cost benefit analysisitériee cr
for accepting a project under the cost benefit analysis is that all progactsa positive
NPV. Which projects should be done then, when there are not enough resources to do
everything?

Cohen first proposes a solution where the ratio of benefits to cost is calculate
The idea is the higher the ratio the more; “Bang for the Buck” that isvachikle calls
this analysis, the benefit cost ration (B/C Ratio). Because the nehpvedue

acceptance rule is, benefits minus cost are greater the(BzerG > 0),then assuming C
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is a positive number we can divided both sideC producing, B/C > 1 As viewed ir
the table below all of the projects le a positive net present value and woult
accepted. However, project A has the highest restemt value but not the higr

Benefit to Cost ratio.

Table 2 Comparison of Ranking Projects between Net Pres¢Value and Benefit Cot Ratio

Discounted Sum Discounted Sum NPV

of Benefits (B) of Costs (C) (B—C)1)/(2) B/C

Project (1) (2) (3) (4)
A 1,200 1,000 200 1.20
B 999 800 199 1.25
C 720 600 120 1.20
D 250 200 50 1.25
E 260 200 60 1.30
Feasible Projects When a Budget Constraint Limits the Project fo C = $1,000

A 1,200 1,000 200 1.20
B+D 1,249 1,000 249 1.25
B+E 1,259 1,000 259 1.26
C+D+E 1,230 1,000 230 1.23
5xE 1,300 1,000 300 1.30

When valued by the benefit to cost ratio, projestduld be the first choice. Tt
lower part of the table shows combinations of mtgehat would fall with in a s
investment level. If possible the best alternativeild be to do proje(E, five times. I
only one option is available then the combinatiéB @and E would produce the high
benefit-cost ratio. Cohn points out that in order for biemefit to cost ratio to be vali
consistent assignment of elements must be madsliprojects. If one project includ
maintenance all mu¢Cohn 2003

Cohn proposes seconcsolution t&en directly from the private sector cap
budgetingprocess: the internal rate of retuCohn’s equatiorior the internal rate c

return is exactly the same as the equation in tivate secto
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Equation 9: IRR under Cost Benefit

As in the private sector, the internal rate of metis the discount rate, where 1
present value of the benefits equals the preséné \od the cost. This technique is m
useful in ranking cost benefit projects, or whes éxact social discount e is unknown,
but in a known range. Just as in the private sgetttercalculations will produce

crossover chaCohn 2002

NPW

Rate of discount (%)

Figure 1: The Switching Phenomenon (Cohn 2003)

Figure 1 shows that at a discount rate of 6% dndrigproject B would b
selected. At a discount rate below 6%, project Aild be the choice. Thus, 6% is
crossover point. The figure also shows the slogb@het present value at differe
discount rates for each project. This is an indicaf the sensitivity of the projec

Conflict between IRR and NPV rankings mosen occurs when projects ha
different lives. The IRR is especially appealingantprojects or sets of projects fr

different government departments are compared. Her@ossible that each departm
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calculated a different discount rate, so a comparison by net present valug@ldthée
misleading (Cohn 2003).

While Cohn has resolved the problem with ranking projects and allowing for
unknown discount rates when using the cost benefit analysis, there are stiifieasig
number of issues. One issue still open is the determination of correct cost and.benefits
This is addressed by Dillon, John, and von Winterfeldt in “Assessment of Cost
Uncertainties for Large Technology Projects: A Methodology and an Agph¢at
(2002). The authors point out that large projects managed by the government often incur
significant cost overruns. In 1994, Congress cancelled the Department of’'Energ
Superconducting Super Collider, because the cost had escalated from $5.9 billion, in
1989 dollars, to about $15 billion. In 1982, the DOE thought that a nuclear waste facility
would cost about $1 billion; by 1986, it was estimated at $8.9 billion, and by 1989, the
estimate had reached $25.7 billion (Dillon, John, and von Winterfeldt 2002).

In 1988, the RAND Corporation examined 52 civilian projects and found that the
average cost overrun from estimates made at the engineering phase wab&auihdrs
suggest that there are four main reasons for overruns like these. Thetiastcigst
estimates are often made in an environment of advocacy, with pressure to produce low
estimates. The second is that cost estimates do not consider uncertaintiesdTisi¢hiat
uncertainties are accounted for by adding contingencies, but these rarely cover
extraordinary events. The final reason is that attempts to incorporate uriestasing
probability distributions are often influenced by biases in human judgment (Dillon, John,
and von Winterfeldt 2002). With a track record like this, how can any cost benefit

analysis performed be considered credible?
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The authors performed a study using a set of cost experts to evaluate thfe cost
large projects. They identified twenty-two cost experts from various orgiamgzaand
they identified a project where an agency would purchase an existinty feefses the
option to construct one. Next, they conducted a two-day workshop where they
decomposed cost to a component level and had the experts assess approximately 140 cost
components. They provided predetermined fractions, such that theregashance
that the true value was beldywand a 10026 chance that it was above that level. They
used the results to derive a Weibull distribution for each cost estimate. Theyetdea
second meeting where they presented each expert with the individual and aesuttge
and then encouraged each expert to revise their estimates. Finally, a Midote Ca
simulation was used to determine the total cost probability distribution averagss a
the participants (Dillon, John, and von Winterfeldt 2002).

What was not reported in the article was what, if any, calibration of the gxpert
was performed, and what affect the second round had on pulling the estimates closer. The
results produces are relevant to this study and are shown in Figure 2 belangief
estimates on the total life cycle cost from the set of experts is shownc&ae on the
graph represents a different expert with the dark line being the aggretja¢aratividual
estimates. The disagreement of the experts is apparent by the numbertbalimesnot

overlap and the range is significant (Dillon, John, and von Winterfeldt 2002).
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Even with a second meeting and the feedback givere tare still a significat
number of the expert estimates that do not oveillbe ranges are even more strik
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This paper shows the extreme difficulty in devehgpaccurate cost. Using exp
elicitations to develop a set of costs is a go@adjdlthough | believe a better way

aggregate the expertsists. However, it is clear that not every projedt be able to
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have a set of twenty-two experts estimate the cost, and benefits arel@artbastimate
than fixed cost.

The final review on cost benefit analysis comes from the book “Risk and Reason”
by Cass Sunstein. The author reviews the major criticisms of the cost Ipeoedss and
offers his opinion on their validity. This work serves as a good summation of the issues.

The magnitude of cost and benefits are not all that matter. Looking at government
programs and regulations involves a great deal more than dollars and cents saved. The
impact of the decision on different groups of people is just as relevant. Cost benefit
analysis can give the illusion of precision, at least when existing knosvtaies not
permit the specification of cost or benefits. The suggestion made by the authdois not
reject cost benefit analysis, but to offer ranges as a way to deal wittiaumtye

Social goods are incommensurable, in that we do not value all goods the same
way. A human life, beaches, parks, and wolves are not reducible to their economic value.
Here, the author suggests a cost benefit analysis include qualitative as gadintitative
descriptions of the consequences. Cost benefit analysis seems to treat feuman li
cavalierly, since it places a monetary value on statistical risk. Anyigonest is required
to assign some non-infinite value to statistical risk. The difficult task isfioedinat non-
infinite value.

Cost benefit analysis appears to be undemocratic, in that it allows patieystt
by experts. In fact, it is an important tool for promoting democratic goals,seda
ensures that the impact of policy will be placed before officials and the @tldige. If
public officials want to proceed even though the costs do not justify the benefitar¢he

permitted to do so, as long as they have a good reason for their decision.
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Cost benefit analysis relies on private willingness to pay as the basis for
calculating both cost and benefits. Sometimes when people are uninformedethey ar
willing to pay for insignificant benefits or are not willing to pay when it would be
appropriate. The government needs some numbers to start an analysis anchtreegslli
to pay is as reliable as any, however, the government can depart fravartitar if it is
reasonable to do that.

Cost benefit analysis will paralyze the government. To date this has not been the
case but “paralysis by analysis” is a condition that has to be monitored. Esavhhis
are widespread in the private sector and no one should think the government is immune.

Cost benefit analysis is a form of centralized government planning. The question
here is — what are the alternatives? If the government needs to regukateotmg of
arsenic in the drinking water, how are they to proceed if they do not compile infammati
about the effects of their actions?

It is clear that the literature indicates that cost benefit analys igerfect, but
that itis useful. It should not be the only tool used in important decision making, but it
should be one of them. Perhaps a statement by Sunstein summarizes it best: “We should
not think that the monetary bottom line is anything magical: it is simply a hétpfud

into the decision” (Sunstein 2002).

Expert Elicitation

The history of expert elicitation techniques dates back to the 1940s when
the RAND Corporation was formed. The two forms of expert elicitation used by
the RAND Corporation were the Delphi Method and Scenario Analysis. A more

detailed discussion of these and other forms of elicitation follows.
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The definition of expert elicitation generally accepted in sciegcgineering, and
research, is that it is the synthesis of opinions of experts subjaect where there is
uncertainty due to insufficient data. Expert elicitation is,eesslly, a scientific
consensus methodology. The most common use of expert elicitation is in the gtay of
events. Most recently expert elicitation has been applied tatirchange, modeling
seismic hazard and damage, and risk analysis for nuclear wamtege. Expert
elicitation, however, tends to be multidisciplinary, as welhgsrdisciplinary and is used
in a broad range of fields. A more precise definition is
provided by Meyer and Booker, who separate it into two key components. Expert
judgment is data given by an expert in response to a technical problem, while
elicitation is the process of gathering the expert judgment through speciall
designed methods of verbal or written communication (Meyer and Booker 1991).

Meyer and Booker give an overview of the elicitation process and identify
three basic elicitation situations:

1. Individual interviews, where an interviewer or knowledge engineer

interviews the expert in a private usually face-to-face environment;

2. Interactive groups, in which the experts and a session moderator meet in a
face to face situation and discuss the data;
3. Delphi situations, in which experts, in isolation from one another, give

their judgments to a moderator.

In the Delphi method the judgments are anonymous. Results can be redistributed
to the experts who can revise their input if consensus is desired. (Meyer and
Booker 1991)

An outline of the elicitation process can be found in a 1997 study

performed by Lawrence Livermore National Laboratory for the United$Sta

Nuclear Regulatory Commission (NRC) (Budnitz et al. 1997). The following
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figure is a graphic representation of the NRC pssder Technical Integrato
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Figure 4: NRC Elicitation Process

The Technical Integrat (TI) is defined as a single entity that is ultimgat

responsible for developing the composite resulth®finformed community

from open literature or through expe

The Technical Facilitator Integrator (TFI) is agimentity, responsible fc

aggregating the judgments of a panel of expertiet@lop the composi

distribution of the informed technical community sikgle entity, in both case
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may be an individuateam, or company. The key difference between thend
TFI approaches is the facilitator role of the THhey are responsible fi
facilitating the discussions between the expertstha use of evaluator expel
who act as individual integrato(Budnitz et al. 1997)This study classified th
elicitation process into three complexity degrees faur levels of study. Tr
degrees of complexity and levels of study usethénNRC study are shown

Table 3(Budnitz et al. 199°

ISSUE DEGREE DECISION FACTORS STUDY LEVEL
A 1
Non-controversial; and/or TI evaluates/weights models based on
insignificant to hazard literature review and experience; estimates
community distribution
B *Regulatory concern 2
Significant uncertainty and *Resources available TI interacts with proponents & resource

diversity; controversial; and experts to identify issues and interpretations;

*Public perception

complex estimates community distribution
C 3
Highly contentious; significant TI brings together proponents & resource
to hazard; and highly complex experts for debate and interaction; TI focuses

debate and evaluates alternative interpretations;
estimates community distribution

4

TFI organizes panel of experts to interpret and
evaluate; focuses discussions; avoids
inappropriate behavior on part of evaluators;
draws picture of evaluators’ estimate of the
community's composite distribution; has
ultimate responsibility for project

Table 3: NRC Degrees of Complexity

In this study, the NRC defined the three issudslémvs: Degree A issue
are non controversial and/or have no significandhé seismic hazard resul
Degree B issues are more controversial, complexsgmificant to the hazat
result; and Degree Ssues are highly contentious, complex and siganifi¢o the
hazard results. The study levels shown are roughbyder of increasin

resources and sophistication with the Tl and TIEgoutlined. The TIF role dot
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not appear until level 4, while the TI's activities show increasing input from
technical experts. Experts are not brought together until level 3 where tlee degr
of the issue allows the experts to explain their hypotheses. (Budnitz et al. 1997)

The NRC has continued to develop this process and in 2005 released a
Guideline for Expert Elicitation to be used in agency studies. The guidelines are
divided into two parts: Expert Elicitation for Hardware and Expert Elionafor
Human Error. Due to the complexity and significance of the nuclear issues the
TIF process is recommended in the guideline.

Even at this level, the NRC recognizes that various forms of
communication to elicit expert responses may be appropriate. The preferred form
of contact between the analyst and individual expert is face to face. However if
face-to-face communication is not possible, a telephone conversation or
videoconference is also an efficient way for the expert to communicate dBiectr
communication may be used as a last resort. This includes faxes, e-nthils, a
instant messages. The precise method would depend on the degree and the level
of study.

The guidelines also designate when the NRC should use expert elicitation.
Expert elicitation should only be used if additional vetted sources of information
cannot adequately inform a hardware failure or human error rate (Bxraig
2005).

With a wider application of expert elicitation, including many non-

technical fields, the process has been redefined many times since theoMRC fl
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chart was created. A consensus flow from the liteeawas constructed in 20(

by Unal et al, and illustrates a much simplercess (Unal et al. 2005).
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Aggregation
of Multiple
Expert
Opinions
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Estimate as a
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Distribution

Figure 5: Unal Process Flow

Perhaps the views expressed by Mostaghimi et at,sum up the opiniol
that process, while important, is not the goahef ¢licitation. Informatiol
collection for expertassisted decision making becomes a strategic Vauatoler
a weak assumption that the final decision is depehdn the design usec
collect the result. Under this assumption the imfation from the experts and t
decision made may be different for different infatron collection designs. If tf
focus is on the information collected and not amchbllection process, then

does nomatter what method is used to collect the datas] no matter whi
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process is used to collect information, as long as the information collected is the

same, the final decision will be the same (Mostaghimi 2001).

Previously, expert elicitation was used predominantly in engineering and

technical areas, but it is now often used in non-technical areas. Meyer and

Booker (1991) provide five criteria for using expert judgment:

1.

Provide estimates on rare complex or otherwise poorly understood
phenomena. These are also described as fuzzy or high uncertainty events.
One example given is nuclear reactor accidents.

To forecast future events. When good data are unavailable, predicting
future events or actions requires expert judgment. In this case, Meyer cites
business forecasts of future markets for their products.

To integrate or interpret existing data. Expert judgment is used to organize
information or mixtures of qualitative and quantitative data. Qualitative
data are any nonnumeric data such as text, or answers encoded in
descriptive categories or preference scales. Qualitative data areciume
data such as estimates of probabilities, ranks, ratings, or physical
phenomena. An example would be the use of expert judgment in the
medical field where different test results must be interpreted to atreve
decision.

To learn an expert’s problem solving process or a group’s decision-
making process. Problem-solving techniques are needed to help improve
current practices and train others. Experts often do not know how they
solve a problem or reach a decision, because their thoughts have become
so automatic that the process is difficult to recall.

To determine what is currently known, what is not known, and what is
worth learning in the field of knowledge. In a reactor risk study the experts
exchanged the most up-to-date information in preparation for giving their
answers to particular questions. As a result, they identified gaps in their
field’s state of knowledge and determined in which areas they needed
additional research.

Expert judgment continues to be used in technical areas where there is a

high degree of uncertainty. A few recent studies, focusing on engineerilugleinc

a review of the mortality impacts of the Kuwait oil fires (Cooke et al. 2007);

evaluation of case studies on climate change and surface waters (Varis and

Kuikka 1997);.a study of the relationship between the probabilities of wire failure
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in aircraft wings and influencing factors (Mazzuchi, Linzey, and Brugb@g);
and a multi-criteria evaluation for transportation project selectiom@@ha04).

Of interest here is the increasing use of expert elicitation for non-
engineering uncertainties. Recent studies in the field of business includdel m
to predict outcomes of organizational change (Gustafson et al. 2003); the
development of a methodology for assessing cost uncertainties for large
technology projects (Dillon, John, and von Winterfeldt 2002); providing the
optimum decision process for investments made in strategic e-business
technology (Raisinghani, Meade, and Schkade 2007); and a system for predicting
the outcomes of multidisciplinary research and development projects with fuzzy
scoring (Wang, Wang, and Hu 2005).

In general, expert judgment should be used when other sources, such as
measurements, observations, experimentation, or simulation, are not available. It
can also be employed to supplement existing data when these are sparse,
guestionable, or only indirectly applicable, for example, to make decisions on
next year’s product line, experts may determine how to model the firm’s
guantitative data and market potential. Decision makers may interpret multiple
and differing sets of expert judgment to see which data, if any, best seites th
needs (Meyer and Booker 1991).

Cooke and Goossens sum the goals of expert judgment as census, political
consensus and rational consensus. A study aimed at census will survey the
distribution of views of an expert community. Political consensus is a process

where experts are assigned weights according to the interest ofkidleostizrs
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they represent. A rational consensus refers to a group decision process that
generates a representation of uncertainty. To be rational, a method must comply
with the necessary conditions developed from the general scientific method and
must satisfy scrutiny and accountability, empirical control, neutraitgl fairness

(Cooke and Goossens 2008).

Elicitation Methods
Elicitation methods are categorized throughout the literature in three

types: the indirect method, the direct method and the parametric method. The
indirect method is popular and dates back to the 1930s. Two forms of indirect
elicitation found in the literature are betting and probability wheel. Bets can be
used to infer an expert’s subjective probability, for example, with an opportunity
to win 10, would the expert rather bet on ew&ior on throwing a 6 on a fair die?
Preference for betting ol implies that is has a probability greater than 1/6.

With probability wheels, probabilities are presented around the
circumference of a disk. The expert or facilitator manipulates two radii tdedivi
the disk into segments, one representing the probability of the event, the other its
complement. Probability wheels are commonly employed with the betting
methodology. Both have the advantage of eliciting probabilities from experts who
are not trained in probability concepts. The drawback of betting is that it smplie
that all experts have the same utility value for money.

The simplest method of measuring a person’s degree of belief is to ask
them. According to Cooke, this is the most common method and also the worst,
especially for people who are not familiar with the notion of probability. One

technique used in the direct method is a comparative examination, in which an
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expert, who is familiar with evert and its occurrence probability, is asked the
comparative occurrence probability of evBnls the relative occurrence of event
B, five or ten times more frequent than evAft

Parametric estimation is used to assess the confidence intervals on a
parameter of interest, such as the mean value. The estimation process can be a
two-step process, as defined by Cooke (1991): 1) Obtain a median estimate of a
probability (m), and 2) Obtain the probability that the true value will exceed 10
times the median value)(
Them andr values can be used to compute the 5% and 95% confidence bounds

as:

Equation 10: Parametric Estimation

exp(—0.658)

Zy ¢

koos =
In which is the quintile value of the standard normal probability. dabeve
procedure proposes that the expert’'s elicitations are approximatgiprmal;
however, the idea may be applied to any class of distributiorsnuiaed by two

parameters.

Combination and Weighting
When multiple experts are used it may be desirable to combine several

distributions for a given quantity to form a single probability distribution, as found by
Hora (2004). Values from this distribution are then propagated through a model to obtain
an output distribution. The alternative is to propagate each expert’s distributioatsgpa
generating multiple output distributions, however, the number of combinations of experts

and resulting outputs could easily become unwieldy. There are several aggregat
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methods of combination available in the literature, which are included in a review by
Clemen and Winkler (Clemen and Winkler 1999). Hora finds that while a linear
combination has some desirable properties, it lacks others. One desirable psapeity i
a linear combination will preserve consensus. If there is a group of eapdréach
expert agrees that the probability of a variable, ihen in the combined distribution that

variable will have the probability op.

The Classical Method
The classical method in expert elicitation refers to a process developesky C

at Delft University (2001). This is a performance-based linear pooling ohteelig
average model. The weights are derived from an expert’s calibration andatitorm
scores, as measures on seed variables. Seed variables serve a threefahd functi

1. To quantify experts’ performance as subjective probability assessors.

2. To enable performance-optimized combinations of expert distributions.

3. To evaluate and validate the combination of expert judgments.
The name ‘classical model’ derives from an analogy between calibragasurement
and classical statistical hypothesis testing. The performance baggdswese two
guantitative measures of performance, calibration and information. lyabefahed,
calibration measures the statistical likelihood that a set of expeahrestilts
corresponds, in a statistical sense, with the expert’'s assessments. tiofomeasures
the degree to which the distribution is concentrated (Cooke and Goossens 2008).

Hora discusses a method developed by Cooke (1991), the weighted linear

combination, in which the weight given to each distribution is derived from the
performance on test questions that are as close to the real questions as possible

Hora finds two difficulties with this method. First, the creation of test questions i

which the answers are known to the interviewer, but unknown to the experts, is
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very difficult. The second is that if data from unpublished sources is used, the
experts may argue that the data has not been peer reviewed and may be invalid.
Another review of the Cooke method was performed by Robert Clemen
(Clemen 2006). Clemen found that it is a popular and intuitive combination
method with many useful proprieties. Clemen explains Cooke’s method as a
weighted arithmetic average of the expert’s probability distributions and is
represented in the following equation: (4 denotes experiss probability
distribution for an uncertain variable of interegtthen the linear opinion pool

that results from combininigexperts is:

Equation 11: Weighted Linear Combination
Fe(X) =Xizowi Fj (%)
Where the weight assigned t@ is wi and) w; = 1.

Clemen believes that Cooke’s approach falls under the category of
methods in which weights are interrupted in terms of the expert’s relative
performance, and that weighting expert judgments on the basis of relative
performance on a scoring rule is reasonable. But, he adds, that begs the question
of which scoring rule is used. Cooke’s method calculates an expert’s weight using
a score that is a combination of separate calibration and information scores.
Clemen concludes that, although the Cooke method may not have all the qualities
he would like to see, the only operational alternative is equal weights. Equal
weights are a simple arithmetic average of the assessed probahitibutans.

Stronger support for Cooke’s classical method of linear weighting comes

from O’Hagan et al. (2006). The authors refer to Cooke’s method as perhaps the
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most sophisticated way of choosing weights. They explain Cooke’s method as
follows: If expertj provides the 8, 50", and 98' percentile for each seeding

value then. The calibration componé&htin Cook’s weighting system is based on

| (pj, ), wherep;is the proportion of the true values of the seeding variables that
fall into each of the four regions elicited from the expert. O’Hagan dogé®fia

fault with the Cooke method: it does not consider the degree of correlation
between experts. If two experts have similar views and weights, they will be
highly correlated. In this case, one is redundant and their judgments will be over-
weighted. In general, the result will be that groups of similar expdtteeeive

too much weight and minority views will be under represented. Even O’Hagan
concludes, however, that a simple equally-weighted, linear opinion pool is hard to
beat in practice. He concedes that Bayesian and Cooke’s methods of weighting
and group elicitation with the Delphi method have the potential to extract more

information, but this potential has not consistently been met.

Bayesian Analysis
There are two different statistical philosophies for analyzing datacand f

interrupting the roles of probability distributions: classical, (or frequgnéad

Bayesian. Frequentist will consider parameters fixed and quantities unknown.

The statistics from these parameters are calculated from samgldf datormal
distribution represents a population, then a large enough, randomly chosen sample
from that population will represent that population. Therefore, the sample mean is
the best available estimate for the population mean. The Bayesian approach
interprets the parameters of the distribution representing the population.

Probability distributions represent the state of knowledge or information about the
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parameter before the sample is taken, and are called prior distributions. The
sample also forms a distribution called the likelihood distribution, which
represents how likely it was for that sample to be taken from the population.
When the prior and likelihood distributions are combined, they produce the
posterior distribution, which represents the combined state of knowledge or
information from before and after the sample was taken. The Bayesian approach
provides a coherent and consistent methodology for combining information from
different sources (Meyer and Booker 1991).

Bayes’ theorem is a consequence of the asymmetry in the multiplication
law of probability. It provides a method for learning from experience. Bayes’
theorem explains how to convert a prior probabilit§pivhich isP (E)to a
posterior probability oE, which isP (E|F). The words ‘prior’ and ‘posterior’
refer to the state of knowledge before and after learnind~thas occurred
(O'Hagan et al. 2006). The mathematical equation is shown below.

Equation 12: Bayes' Theorem
P(EIF) =P (E) P (FIE)/ P (F)
O’Hagan applies Bayesian theory to expert judgment such that the decisiommogker
treat each experts distribution as an update to their existing distribution,ahédrpri
practice, this approach is complex and difficult to implement.

Since expert uncertainty concerns experts’ subjective probabilities, it is
widely believed that expert judgment should be approached from a Bayesian
paradigm. If a Bayesian is given expert assessments on variablesestiatet
on relevant seed variables then they may update their prior on the variables of

interest, by conditioning it on the given information. This requires that joint
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distribution be formulated from the variables of interest, the seed variables, and
the experts’ distributions over the seed variables and the variables of interest
(Cooke and Goossens 2008).

The literature contains many examples of the mathematics for applying
Bayes theory to elicitation (Garthwaite, Kadane, and O'Hagan 2005; Morales
Kurowicka, and Roelen 2008; Mostaghimi 2001; Renooij 2001). There is also a
fair amount of literature on the use of Bayes in applications such as climate
change, (Varis and Kuikka 1997), or organizational change, (Gustafson et al.

2003; Molfenter et al. 2005).

Equal Weighting
Equal weighting, like the Classic method is a linear opinion pool. Clemen

and Winkler (1999) define a linear opinion pool as an appealing approach to the
aggregation of probability distributions that date back to Laplace. The base
equation is:

Equation 13: Linear Opinion Pool

p(@) = X1 w; p;

Wheren is the number of expertg;, (@) represents the expeis probability distribution
for the uncertain quantity the weightsyv, sum to one, angd (@) represents the combined
probability distribution. Clemen’s equation (1999) is the same as Cooke’s (1991), in that
it arrives at equal weighting and satisfies a number of axioms. It is theamlyination
scheme that satisfies the marginalization property. If in a vectoragrtain quantities,
and the decision maker is interested in just one elemmot;ding to the
marginalization property, the combined probability is the same whether one

combines the marginal distributions or the joint distributions of @ and then calculates
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the marginal distribution dd. The weights wirepresent the relative quality of the
different experts, or sources of information. In the simplest case of eqgatiwe, the

experts are equivalent and the equation becomes one of simple arithmetic average:

Equation 14: Equal Weighting

p(@) = Xi-1p:i (D)

It has already been noted above that this method typically produces result® equal
better than current weighted models (Clemen 2006; O'Hagan et al. 2006).
Another combination approach offered by Clemen (Clemen 2006) is the

logarithmic Opinion Pool, which uses multiplicative averaging and is repredesi@awy.

Equation 15: Logarithmic Opinion Pool

p@ =k [ [_pco

Herek is a normalizing constant and the weighitsatisfy some restrictions to assure that
p (®)is a probability distribution. If the weights are equal to 1/n, then the combined
distribution is proportional to the geometric mean of the individual distributions.

This equation satisfies the principle of external Bayesianity. When a decision maker

has consulted experts and calculated p(@), but subsequently learned some new
information relevant to @, they would have two choices. The first choice is to use the
information first to update the individual probability distributions pi(@) and then
combine them. The second is to use the information to update the combined p(®)
directly. A formula satisfies external Bayesianity if the result is the same in each

case.
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Additional weighting methods for combining opinions are documented

throughout the literature and are included here for completeness.

Equation 16: Weighted Geometric Average

E
=M, ()= H(Pﬁ) w!
i=1

Equation 17: Weighted Harmonic Average

. . 1
] = M—l(]) = F W

=lpji

Calibration
Verification is the process of checking whether or not the probabilities

provided by the expert are reliable, obey the laws of probability, and are well
calibrated. Checking reliability, or whether the assessments conformility, nes
often impossible since the events being studied are often unobservable. Checking
for coherence, or that the laws of probability are obeyed is done by checking that
all the probabilities sum to 1. Checking calibration is done by checking that the
probabilities conform to observed frequencies (Renooij 2001). There are a
number of methods found in the literature and the primary ones are discussed
here.

Perhaps one of the earliest attempts to calibrate expert assessnsents wa
with the probability of weather forecasts. This methodology was based on a
verification score that was a function of outcomes, the assessed probabilities
associated with the various outcomes, and the outcomes themselves. Scores were
then used to distinguish good forecasters from bad. In this study, scores also
served as a training tool because they minimized bias and gamesmamnghnip (B
1950).
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Experts cannot be fully calibrated as some technical instruments are.
Calibration means to compare unknown instruments to known ones, and then
adjust the unknown ones until they match the known ones (Meyer and Booker
1991). Several methods have been proposed in the literature to calibrate
judgments in the form of continuous probability distributions. Two such
approaches are scoring rules and calculation of the surprise and inter quartile
indices.

Scoring rules give a mathematical measure of the distance between the
predicted probabilities and observed frequencies, and were intended to induce
well-calibrated judgments in final elicitations. Although their use isd¢egasmon
today they are still used for comparing the performance of experts witldiie st
and for assigning weights to experts when combining judgments. Surprise and
inter quartile indices are another form of quantitative score, but focus on
performance. The surprise index is defined as the proportion of values falling
outside a specified credible interval. Well-calibrated experts should have a
surprise index of 10%. An index of less then 10% indicates a lack of confidence,
while one over 10% suggests overconfidence. The inter quartile index is defined
as the percentage of judgments where the truth falls within the inter quartile
range. For well calibrated experts the inter quartile index should be 50%. An

index of less then 50% indicates overconfidence (Walker et al. 2003).

Heuristics and Bias
Much of the literature on expert judgment includes a discussion on

heuristics and bias (Cooke 1991; Meyer and Booker 1991; O'Hagan et al. 2006).

When called upon for their belief, people do not perform mental calculations, but
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rely on various rules of thumb. These are called heuristics, and can lead to
predictable errors. Because we are dealing with expert belief, the Geekd’s
definition of error will be used (1991-Cooke). An error is a violation of the
axioms of probability or an estimate that is not really in accord with the $8bjec
belief. The three heuristics most commonly discussed are availahliypang,
and representativeness.

Availability is a factor when the estimate of an event depends on the ease
with which the class can be retrieved from memory. Events that are dbcusse
frequently will be assumed to happen frequently. The same is true for events that
happened recently or are of personal significance.

Anchoring occurs when people are asked to estimate a quantity or assess
an uncertainty, and they start with an initial estimate, and then adjust up or down.
This is especially evident when a value from a previous instance can serve as a
anchor, or starting point. This can reduce the mental processing time required by
removing the need to re-process information. It is usually difficult for people t
move very far from their anchors. While they may update their judgment it will
usually not be by a significant amount.

Representativeness are used to assess the probability that A belongs to the
same class as B, or that A originates from the same process as B. relh&de
according to the ease with which similar examples are called to mind.

Biases are generally defined as skewing. In the sciences, ther@are tw
forms of bias, which differ in terms of the reference point from which the bias is

judged. The reference point for one form of bias is what the source expert actually
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knows or does, and is referred to as motivational. The reference point for the other
form is the concept of objectivity criteria for reality, and is cogaitiThe

heuristic described above make up the cognitive biases. Motivational biases are
classified as pressure from the interviewer, groupthink, wishful thinking, and
misinterpretation.

Pressure from the interviewer occurs when there is a leading question or
various reactions by the interviewer to the responses. If there is a joitatielc
group think happens when one or more experts become dominate in the exchange.
When an expert hopes that they will have a material influence on the outcome, it
is termed wishful thinking. Misinterpretation can occur from the expert’'s
verbalization, or the interviewer’s interpretation of the expert’'s words.

Identifying and handling biases and having a program to deal with them
are an essential part of any elicitation. A six-step program is proposedyley Me
(Meyer and Booker 1991).

1. Anticipate which biases are likely to occur in the planned elicitation.
2. Redesign the planned elicitation to make it less prone to the anticipated
biases.
3. Make experts aware of the potential intrusion of particular biases and
familiarize them with the elicitation process
. Monitor the elicitation for the occurrence of bias.

4
5. Adjust in real time to counter the occurrence of bias.
6. Analyze the data for the occurrence of particular biases.

The Scenario Analysis
Scenarios are hypothetical sequences of events that are constructed to focus

attention on casual processes and decision points or nodes. Scenario analysistattempts
answer two questions (Cooke 1991):

1. How might some hypothetical situation come about?
2. What alternatives exist for each party to the situation at each step?
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Since scenario analysis does not provide for the probabilities of the diffds¥natles,
it is not a method that will provide an answer for the hypotheses in this project bnd wil

not be used.

The Delphi Method
The Delphi method was developed at the RAND Corporation in the 1950s and by

the early 1970s found a wide variety of applications. Although most applications dealt

with technology forecasting, the method was also applied to policy analysis. In

technology forecasting, the Delphi study seeks the experts who are most knaedge

on the issues in question, and seeks to achieve a high degree of consensus. However,

Delphi’s use on policy decisions seeks to incorporate the views of the entir@ispettr

stakeholders and communicate the spread of opinion to the decision maker (Cooke 1991).
The Delphi method is not without critics in scientific use but is gaining a greate

acceptance in business use. A review of the current literature finds that theomosin

use of the Delphi method today is for business applications and academi2QDgar

Gerdsi 2004; Torres 2007). The Delphi method is recommended for graduate research by

Skulmoski et al (Skulmoski, Hartman, and Krahn 2007). It is also attractiveniciea

variety of research, including IS prototyping, and technology managemersd.fleigble

iterative process to collect anonymous judgments. The Delphi method is suwedl-

research instrument when knowledge about a problem or phenomenon is incomplete. The

authors also add that the Delphi method is not a method for all types of research

guestions. Skulmoski produces an informative table of published research using the

Delphi method, which includes the number of rounds and sample size, as shown in Table

4.

Table 4: Delphi Method Diversity
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Non IS/TT Study

Gustafson., Shukla, Delbrecqg. &
Walster (19730

Flartman & Baldwin (1995)

Crinkota & Ronkainen ( 1997)
o & W f 1 ooa)y
Nambiasan et al {1999

Lam., Petri, & Smith (20000)

Roberson., Collins., & Oregs
(20053

IS/AT Study
Miedernman, Branchean, &
Wetherbe, (1991 )

Dyurncany  L9SS5)

Brancheau, Janz, & Wetherbe
(1996)

Nambisan et al. (1990

Scott ( 20000y

Wiymnekoop & Walz (2000)

F. Schaonidt, Lyvtinen, Eeil, &
Cule (20001

Keil, Tivwana, & Bush (2002)

Brimgs & Jamieson (2005

Walidate research

Pre

awel

Delphi Focus

Estimmate almanac events 1o mvesti-
ate Delphi accuracy .

MCONIes .,

Linpract
Tt

park selectic

Drevelop a taxonomy of organiza-

tional mechanisns

e

Examine and explain how recruit-
ment message specificity influences
iob seeker attraction to organiza-

ThoTS.

Delphi Focus

Survey senior IS executives to de-
termine the most entical IS issues

for the 1990s.

Identify and rank the critical ele-
ments of IS infrastucire flexilil-

ity

Survey SIhM members to determine
the most critical IS issues for the
mear futare

w of knowledge

Fank technology mmanagenient is-
sues in new product developnrent
pProjects

Rank the most important characrer-
istics of high performing I'T person-

Ide

tional comparariv

Fank soffware developiment project
ris]

Identify and rank computer foren-

sics b al issues,

Rounds

sSample Size

Sample Sire

L1, 126 & 104

LS, 15 & 10O

L

The adoption of technology and the use of the Detpthod for busines

applications have produced a number of modificatimnthe process over tir(Chang
2006; Hartman and Baldwin 1995; Skulmoski, Hartnaard Krahn 200°. The
consensus process found in the literature todagikasgteps

Develop the Delphi survey instrume

Select experts who have substantial involvemesiperience in th
investigation are

Contact the selected experts via survey instrumentsh@rappropriate med
Compute the average rate and range of the resp

Repeat step 3, to provide consensus if that isah

Analyze the average rate and range of the revisgabnse

A

o0k W

Skulmoski ¢ al. (2007) graphically present this process fthrae round elicitatio

(Figure 6).
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Literature \ Research — Research — Research — Delphi R1 — Delphi R1 — Delphi R1

Review Question Design Sample Design Pilol Survey & Analysis
Pilot
Studies
Delphi R2 DelphiR2 |
Design Survey & Analysis
Research
Delphi R3 Delphi R3 Documenrlaﬁon.
Design Survey & Analysis Venfication &
Generalization

Figure 6: A three round Delphi Process

In the modified Delphi methc for academia, Skulmoski et &007) add
guidelines for the number oarticipants, number of rounds, and mode of intésac
While there are no hard rules for the number ofigaants, a number of factors have
be considered. Size can range from ten to fifteemthomogeneous grc, while a
heterogeneous group wouequire a much larger sample. International grouasg
require sample size in the hundre

The number of rounds is a variable dependent opuhgose of the research.
consensus is requiretyo or three is usually sufficient for a homogengeguoup,
however, fewer may be sufficient to simply uncotrer desired information. The mo
of interaction has moved from paper and pen tamec and this affords advantages
the researcher and participant, the most signifioamg the expediency

communication.

Analytical Network Process
Another tool used to evaluate expert elicitatiothis analytical network proces

The analytical hierarchy process is a follow uph® analytical network process, both
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which were developed by Thomas L. Saaty (2006). It is widely used for ritatie

decision making. It provides a means of decomposing a problem into a hierarchy of sub-
problems which can be more easily comprehended and evaluated. It is carriedvout in t
phases: first, the design phase, where a hierarchy is set up and second, therevaluati
phase, which comprises making paired comparisons (Sheppard and Cartwright 2001).

A review of the literature finds that the analytical hierarchy progegssaas to be
well suited to business processes. Applications include research and developreent proj
selection, (Sun et al. 2008), software selection (Mulebeke and Zheng 2006),
transportation projects (Shang 2004), and strategic planning (Raisinghani, ieéhde
Schkade 2007).

One issue with the analytical network process is the complexity of constyucti
models. A review by Meyer (Meyer and Booker 1991) finds that it has several
advantages. It is easy to use and it monitors the consistence of the expardsans|
and easily quantifies expert judgments. One disadvantage is that the problelne must
formulated in a well-structured hierarchy. Even Saaty acknowledgesitnts@ming in
his text, and concludes that many problems cannot be structured hierarchicallgebeca
they involve the interaction of higher-level elements on lower-level eler(teaaty and
Vargas 2006).

Meyer (1991) goes on to find that criteria in a given level must be independent,
such that each addresses a different aspect of the problem. Feedbackroyclamplex
pathways are difficulty to implement in a hierarchy. A single level strad problem
can be used to avoid the hierarchy and take advantage of the pair wise comparison,

however, a single level formation usually oversimplifies the problem. Complex
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hierarchies with many levels are time consuming to build and manage. The $taig m
IS most appropriate to manage a few levels with a few items per level.
The complexity can be seen in a simple Analytical Hierarchy shown below in

Figure 7. (Mulebeke and Zheng 2006)

PDP software selection
decision for PEN
manufacturing

Design | Engineering | Manufacturing | Manufacturing | Data management

Analysis Planning Control & Data processing
Performance | Usability Data&Data
File support

Pro/E | ACAD | Sol/E | MC | O/CNC | ANSYS | MFlow | WC | TC | ST
Figure 7: Analytical Network Process

O’Hagan has a mixed view of the analytical process and finds that it is based on

eliciting ratios of probabilities (O'Hagan et al. 2006). To elicit a setaifghilities the

expert assesses pair wise relative probabilities. Saaty (2006) prdpatseach ratio

should be assessed using a scale of 1 to 9, where points on the scale have simple verbal

descriptions. Consequently, the analytical process forms a large part téridueiie on
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eliciting preferences, rather than probabilities, by pair wise congpaii$e use of verbal
descriptions suggests it may be of limited value in the practical elicitatiomlbébility

distributions.

Performance Outcomes

Most of the literature about performance measures in the public appearsrbetwee
the years of 1996 and 2002 and is limited to journals lik@thmic Administration
Review(Berman and Wang 2000; Heinrich 2002; Kravchuk and Schack 1996; Poister
and Streib 1999). One reason for this may be the fact that the Government and
Performance Act of 1993 did not require compliance by federal agencie$98wi The
act requires that every federal department and agency will develop fivetsaapic
plans linked to measurable outcomes via a series of annual performance plans by
September 30, 1997. The performance plans must cover each program activity set forth
in the agency budget with specific performance measures and goals. In tlopchevd!
of measures the emphasis is to be placed on program outputs and outcomes (Kravchuk
and Schack 1996).

Performance measurement is an old idea that has taken on renewed importance.
In part, this has been stimulated at the national level by the Government anth&ector
Act of 1993. This act requires strategic planning and performance reporiagghbgies
throughout the federal government. Many state governments have implemeriaad sim
processes for state- wide strategic planning. By 1998, either througlatiegi or
administrative policy, forty-seven of the fifty states used some sorswitsebased

budgeting and required agencies to report performance measures. Tioefarisal
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mandate, however, for city and county governments to use performance measurem
systems (Poister and Streib 1999).

In the past, ensuring stakeholder support and technical abilities have become key
capacities for implementing management reforms. Budget reforms of@be &ad
1970s, such as Planning Programming Budgeting System and Zero Baserigidgeti
brought these concepts to the budget process, but were criticized as being overly
technical and were not adequately supported by public officials. By the 1980s,
performance measures were being implemented, but were focused on sharidbssis
and were not part of the budget and planning process (Berman and Wang 2000).

The most complete review of performance outcomes and measurements was
produced by the Office of Strategic Planning in its six-volume, Compilation of
Techniques and Tools for Implementing the Government Performance and Resolts
1993 (GPRA):

1. Vol. 1 Establishing and Maintaining a Performance-BASED Management

System. (Artley, Ellison, and Kennedy 2001)

2. Vol. 2 Establishing an Integrated Performance Measurement Systetay (@rd

Stroh 2001)

3. Vol. 3 Establishing Accountability for Performance. (Artley 2001)

4. Vol. 4 Collecting Data to Assess Performance. (Beschen et al. 2001)

5. Vol. 5 Analyzing, Reviewing, and Reporting Performance Data. (Jordan, Prevette,

and Woodward 2001)

6. Vol. 6 Using Performance Information to Drive Improvement. (Gee et al. 2001)
This is a comprehensive work on implementing and managing a performance
management system, but it does not include using performance outcomes aatjastifi
for capital investments by the departments or agencies.

The next step in the evaluation of performance measures came in 2004, when the

Office of Management and Budget released their Program Assessntiegt Rl
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(PART) as a chapter in the budget process. InctuBiART in the budget process crea
a link between reporting performance measures amdythem in the budget process
timeline for the development of PART is illustrated in Figur(Office of Managemer
and Budget 2004).

A Timeline of ...

Assessment of
Programs
rogram: External Review --
Initiated in
NAPA/PCIE/
2003 Budget
March April PMAC July
I I I I . . —
Feb. Draft PART Tested May June -
PMC Approves Final
2002
on 0 Prograss PARTIList of
P Programs & PART
Requested

' >

... the PART's Development

PART Evaluations Interagency Review Panel
Conducted with Consistency Audit & Feb
N " eb.
Agencies Sept. Appeals Review Jan. 2003

— —— ————— —————— — — —

Aug. Congressional Hearing/  ©¢t Now. Dec. 2004 Budget
PMAC meets Evaluates
20% of
Programs

Figure 8: Timeline or PART Development

One reason that PART was included in the federd@jetiprocess, was that t
Government Performance and Results Act of 1993neaachieving the results that t
authors had envisioned. A review of the impacterformance measurccalculated in

2003 was included in the instructions and is showiigure 9, below
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Percent

Moderately
Effective

24.0

Adequate

. 14.5
Ineffective

5.1 Effective

6.0

Resulits Not
Demonstrated

50.4

Figure 9: Ratings of Federal Agencies in 2003

Only 6% of the agencies reviewed were deemed efeeand 50% showed r
demonstrable results. The instruction found tigency plans werplagued by
performance measures that were meaningless, vegueyumerous, and oft compiled
by people who had no direct connection with budigeisions In 2000,agencie
produced over 1800 pages of performance plans that vlargely ignored in the budg
processOMB gives several reasons for the poor resultsfitbiebeing inconsistency |
application across the agencies. The second remgem is the inherent difficulty i
defining performance measur The instruction concludes thatdeloping gooc
performance measures is v difficult andthat it is preferable to have outcome meast
but such measures are often not practical to dadlease on an annual bas

Today theihkage between performance measures and the bpisigetss ha
been expanded to capital planning by guidelineshferuse of performan-based
management systems for major acquisition prograsged b the Office of
Management and Budgeti(Office of Management and Budget Planning, budge
acquisition and management of capital assets .. These guidelines were ma

operational in 200 when OMB updated Circular-11 to include the planning ai
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management of capital assets (Office of Management and Budget Pasgassment
rating tool guidance no. 2007-03 2007). However, none of these instructions describe
who to use performance outcomes in the decision making process.

In March 2008, the Bureau of Justice Assistance sponsored a guide for
performance measurement for justice information systems developed bgriies for
Society, Law and Justice at Texas State University (2008). Here, thre®types
performance measures are defined,;

1. Output measures: Any product of a project activity. Output measurersuzie/us
indicators of the volume of work accomplished.

2. Outcome measures: The consequences of a program or project. Outcome
measures focus on what the project makes happen, rather than what it does, and
are closely related to agency goals and mission.

3. Efficiency measures: Indicate the effect of a project on the ageffitogsney in
its use of resources.

As seen in the definitions above, output and efficiency measurers are quantifiable
and very useful in the budget process. Outcome measurers, on the other hand, are very
difficult, if not impossible, to accurately quantify.

Performance outcomes are starting to appear in the open literature. Recent
dissertations on the subject include. Richard Huff at the Virginia Commonwealth
University, who studies the link between government outcomes and human resources

practices (Huff 2007), and Derek S. Vaughan at the University of Michigan, whodboks

aligning an institution’s strategic and technology plans (Vaughan 2007).

National Information Exchange Model
In July 2007, the Department of Homeland Security and Department of Justice
released Version 2.0 of the National Information Exchange Model (NIEM 2.0). The

National Information Exchange Model is a standard; it is not a tool to assertd)leuta
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a tool to get data to others, when they need it. The model is built on the Global Justice
XML Data Model (GJXDM) developed by the Integrated Justice Informatysteghs
Institute (1J1S).

NIEM 2.0 is designed to develop, disseminate, and support enterprise-wide
information exchange standards and processes that can enable jurisdictiordivelgffe
share critical information in emergency situations. It also supports VR day
operations of agencies. The NIEM 2.0 methodology results in a semantic understanding
among participating organizations and data that is formatted in a sempmceistent
manner. NIEM 2.0 is a critical factor in the success if the fusion centetusgua
fusion center is a combined effort of law enforcement, public safety, and pntétes.

It is a collaborative effort of two or more agencies that provide resqoungesrtise, and
information to the center, with the goal of maximizing their abilities to respmond t
criminal and terrorist activity. Information is integrated, evaluatedlyaed, and
disseminated through the fusion center. Data fusion in the center involves the exchang
of data from many different sources. To date, nearly all 50 states and seyeralrven
areas have created fusion centers (Global 2005). This is one of the reasordopica a

of NIEM 2.0 is so important.

There are five fundamental elements in the NIEM 2.0 strategy and each one
focuses on improving the sharing of homeland security, terrorism, and law enfotceme
information within all levels of government:

1. Information sharing at the federal level.
2. Information sharing with the state, local, and tribal entities.
3. Information sharing with the private sector.

4. Sharing information with foreign partners.
5. Protecting information privacy and other legal rights.
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NIEM 2.0 is a critical component in the overall national strategy for infeomaharing
and combating terrorism. It is part of the President’s National Se&irayegy, the
National Strategy for Combating Terrorism, and the National Stratedgydimeland
Security, and also supports the National Implementation Plan. (Departni¢mineland
Security and Department of Justice 2007)

The uses and an overview of NIEM 2.0 can be found in the Introduction to NIEM
2.0 produced by the NIEM Program Management Office (NIEM Program Mareaje
Office 2007). NIEM 2.0 is not just valuable at the federal level. Enhancing informat
exchange at the local level will also greatly improve the abilities of knghlorities.
Courts, for example, have widely adopted sophisticatedroas@agement systems that
meet their dayfo-day internal operational needs, but they often do not routinely share
information electronically with other agencies throughout the justice eiserpr
Similarly, law enforcement has adopted compiaided dispatch solutions, mobile
field-reporting technologies, and recomsinagement and criraalysis systems that
meet their internal operational needs, but these systems are often unablatmexc
information. In addition, many neighboring law enforcement systems carciwrege
information with each other. The result is a series of information systestisdt meet
the operational needs of individual organizations, but are not positioned to effectivel
share critical data with others in support of daylay operations and emergency
situations.

The core of NIEM 2.0 is the data component. Data components that are
universally shared and understood among all the domains are called universal

components. To become a universal component, consensus on the semantics and
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structure of the component by all domains is neetteNIEM 2.0, a data componer
such as a person, represents a composite of tiimitdts that describe them. This wo
include attributes such as age, sex, race, physheahcteristics, et cetelEach domain
can extend universabmponentfor its own useand a universal component such i
person may have different attributes within eacimaio. NIEM2.0will allow these

attributes to be combine

ag

Criminal
History

Figure 10: NIEM 2.0 Component Reuse

In NIEM 2.0, a domain refers to the business entity reflediregagencies, uni
of government, operational facilities, or infornwattisystems, which are organizec
meet common objectives. One such domain in N 2.0is justice. Theustice domain
includes agencies whose functions relate to thertieyg and investigation of crim
apprehension, prosecution, and adjudication ofglebsrged with criminal offenses,
well as the confinement and supervision of those/mbed. Figure 1 shows the

relationship between NIE 2.0 Core and NIEM 2.0 Domains.
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Infrastructure
Protection C ommon Immig ratson

Justice

Figure 11: NIEM 2.0 Core and Domains

Communities of interest are groups of users whhamge information in purst
of shared goals, interests, missions, usiness processes. NIEM 2.0 enables
exchange with the information exchange package)(IlBRormation that is exchange
between participating domains is organized in trenfof XML schemas. Addition:
information regarding the specific exchange icumented in the form of informatic
exchange package documentation (IEPD), which alstamns data describing tl
structure, content, and other artifacts of the arge. The relationship between the

and IEPD in a NIEM 2.@ransmission is shown in Figure 12.
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Figure 12: NIEM 2.0 IEP/IEPD Relationship

The Department of Justice has defined its six matpgectives for the
development and support of NIEM z(Bureau 2007)They are as follows

Preventing terrorist attac

Responding to disast

Fighting crime and administering justi

Cutting the cost to share informati

Increasing the accuracy and speed of informe
Reducing administrative burde

oA LNE

The advantages of information sharing are obvibusare these advantages enoug
motivate local agencies to incur the cost of inistgaland maintaining NIEM 2.0? T
answer that question, we need to evaluate thesctives against the outcome measu

of the local agency, rather than those of the dgprvernmen
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Chapter 3 Research Goals and Hypotheses

Research Goals

The primary research goal of this study is to determine if probability ranking
successful performance outcomes is a viable decision making tool in the putolic sec
Currently, the decision making tool is cost benefit analysis. Cost benefitianags the
time value of money and measures the cost and benefits of projects. If the vhkie of t
benefits exceeds the costs, then the project is acceptable under this deciggis dna
the costs exceed the benefits, then the project is rejected.

Performance outcomes are one of three performance measures desciiged by t
Office of Management and Budget, in their program assessment ratir{@tooce of
Management and Budget Program assessment rating tool guidance no. 2007-03 2007).
This tool provides guidance for agencies on how to meet the Government Performance
Results Act of 1993 (GPRA). Performance measures include output measuresgoutcom
measures, and efficiency measures (Center for Society Law &elasiil Texas State
University 2008).

Output measures relate to the volume of work accomplished, and lend themselves
easily to quantification, which makes them more suitable for cost benefisanaly
Outcome measures are consequences of the project and focus on what the project makes
happen, rather than what it does. They are difficult to quantify and are thepfoous
in this paper. Efficiency measures focus on the use of resources and, like output
measures, are quantifiable for cost benefit analysis.

Once the measurement of performance goals has been selected as a standard

metric to evaluate technology projects, it is a logical progression to usdlaihofn the
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justification of a project. Providing a method to use performance outcomes is not only

applicable to the public sector, but evaluating project outcomes by the stigats of a

corporation would provide additional data for a decision maker in the private sector. The

differences in the three measures can be seen in Table 5.

Table 5: Characteristics of Performance Measures

Defined

Type

Quantifiable

Analysis
Tool

Measurement

Outputs

Outcomes

Efficiencies

Any product of a projec
activity. Usually
indicators of the volum
of work or the
consequences of a
program or project
(number of traffic stops
number of officers
attending training)

What the project make
happen rather than wh
it does. Measures that
indicate the effect of th
project. (Reduction in
highway deaths,
improved conviction
ratesreduction in office
injured etc. )

Changes in the agenc
efficiency in its use of
yesources (cost, time,
personnel)

t

1%

Operational

UJ

Strategic

Operational

Yes

No

Yes

Cost

Benefit

Impact

Cost

Benefit

Net Present
value

Probability of
Success

Net Present
value

Outcomes that are relevant to strategic goals need to be defined.ridhede i

measures that are feasible, unambiguous, and linked to a project. A secondaryhgeal of t

project is to determine if the outcomes set by an entity that develops techmosigly

the outcomes of a different entity tasked with the implementation and operation of the

technology. If not, can a different set of outcomes be used to assist the decisiogn maki
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process? Once again, it is intended that these findings will be applicable twate pr
sector. Often in the private sector, headquarter functions define programsdrttende
meet their goals. The operating units that have to install and support these pragram
not always have the same objectives and are not inclined to utilize their bestesgour
operate the program.

Another secondary goal of this research is to evaluate conditional probability on
the ranking of outcomes. In assessing the probability of a successful outé®me it
necessary to evaluate the impact of other events. This step is often not peéifoRdd
of cost benefit analysis. The most common conditions here are changes in the economy,
technology or market. For the performance evaluation, these and other fagtdravaa

direct impact on the probability of successful outcome.

Hypotheses
There are four hypotheses in this study. Each relates to the value of knowing the

probability of achieving successful performance outcomes, to the decision make

The first hypothesis is that ranking the probability of successful outcames f
performance outcomes of technology projects will provide a decision-makihfipt
public agencies. The null hypothesis is that the ranking of the probability of sfutces
outcomes will be of no value for public agencies in the decision-making process.

The second hypothesis is that the probabilities of successful performance
outcomes have conditional dependencies. The null hypothesis is that the probability of
successful performance outcomes is independent of external factors.

The third hypothesis is that expert elicitation is a valid process to calthéat

probability of successful performance outcomes. The null hypothesis is thet expe
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elicitation is not a process suited for the probability calculation of successfatmance
outcomes.

The fourth hypothesis is that there is a different set of outcome measures at the
operational entity than at the entity that developed the technology. The null rsypaghe
that performance outcomes of an entity developing technology will be the saame for
entity tasked with installing and operating the technology.

The relationship between the components in the study is presented in the

theoretical context shown in the following diagram:

Performance Outcomegs|Outcome Probability [ [Software Tools Decision Tools
Federal Non Conditional Minitab Net Present Value
Local Conditional MathWorks Cost Benefit
Output measures Excel Outcome measures
Outcome measures Cost Benefit

Efficiency Measures

Figure 13: Theoretical Context Diagram

Data Requirements for Research
To determine if the hypotheses are acceptable, data will have to be collected that

shows a mathematically acceptable probability for success. The ilasavhave to be
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collected for the same performance outcomes under different conditions. Dalavi
have to be collected on the strategic values of the case study and data witldmbtoee
show if there is a difference in the strategic outcomes between the deveaopingnd
the implementing entity. The sources for this data are shown in the datemeeputs
matrix presented in Figure 14. The elicitation used for the NIEM caseistddgcribed

in detail in chapter 4.
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public agencies.
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successful outcomes will provide

no value to the decision making
process for public agencies

Performance outcomes have
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The alternative is that
performance outcomes are
independent of external factors
Expert elicitation is a valid
process to rank performance
outcomes.

The alternative is that expert

elicitation is not a process suited
for the evaluation of performance

outcomes.

Performance outcomes of an
entity developing technology wil
be the same for entities tasked
with installing and operating the
technology.

The alternative is that a differen
set of outcome measures will b

W =

needed for operational entities to

evaluate.

X

X

Figure 14: Data Requirements Trace Matrix
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Chapter 4 Research Method

Overall Methodology
This study involves providing an alternative to the use of cost benefit analysis

when evaluating technology projects in the public sector. It focuses is on the four
hypotheses identified in Chapter 3. The overall methodology employed to test the
hypothesis is a seven-step process:

Identify strategic goals to use as performance outcomes
Develop elicitation tool

Identify the experts

Perform the elicitation process

Validate the experts

Ranking the performance measures

Analyze of the data

NouokrwhE

Identifying Strategic Goals
One of the questions of interest in this study is, do the strategic goals ofad cent

authority match the strategic goals of a local authority? The gtajeals used in the
study are a combination of central authority and local agency goals. Thal eettority
goals are drawn from drawn from the published strategic goals of the Depiaofme
Justice for NIEM 2.0. The local law enforcement goals were taken from vatates s
county, and local agencies’ mission statements.

Four of the goals are from the Department of Justice, but are worded to reflect
their application to the local environment. One exception is the Department oé3usti
goal to prevent terrorist attacks. The value of sharing information up the chairato ai
the national level can be viewed differently than the value of sharing informdivn to
the local level, and many jurisdictions have a very low risk of terrorist attacle whi

nationally the risk may be quite high. Thus, this goal was split into two questions,
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addressing prevention of terrorist attacks in the country and preventionatahkevel.
The ten strategic goals used in the study are listed below:

Department of Justice goals for NIEM 2.0:

Prevent terrorist attacks in the country.

Prevent terrorist attacks in the local jurisdiction.
Respond to disasters in my jurisdiction.

Cut the cost of information sharing for my agency.
Reduce crime in my jurisdiction.

arwnE

Local agency goals:

6. Streamline justice administration in my agency.

7. Improve public confidence in the justice system in my jurisdiction.

8. Increase the professionalism of my agency.

9. Improve internal communications at my agency.

10. Address emerging law-enforcement issues.

It is important to note that the goals set by the Department of Justiceiare the

strategic goals and are aimed at the macro level. Part of this stoddetetmine whether
these macro goals translate to a similar level of importance at théelosleor if they are

superseded by local strategic goals.

Develop the Elicitation Tool
The method used for this study follows the process outlined by the Nuclear

Regulatory Commission discussed in Chapter 2. It is a Delphi process whets,erper
isolation from each other give their opinions to the technical integrator. Bebause t
experts are government employees at various levels, anonymity was ataimhfamtor

in elicitation opinions on the effectiveness of a large government program. The
information required from the experts is not overly technical, but requires momai
knowledge of both information exchange and law- enforcement strategic goals. Since
these goals may differ between state and local agencies, consensus is notiar objec

the study, nor would it be desirable to have the elicitations influenced by the opinions of
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others. Therefore the experts were not brought together, and there was no revision made
based on the first set of responses.

As discussed in Chapter 2, the Delphi process may not be appropriate for
scientific research, but is a valid tool for exploring vague and unknown issues in
business. The vagueness of achieving future strategic goals makes this method
appropriate for this study. A modified Delphi questionnaire was developed and
administered by the Integrated Justice Information Systems Iadfiil®), to collect data
in four separate areas:

1. An unconditional evaluation that NIEM 2.0 would significantly contribute to the
achievement of each of the strategic goals;

2. A conditional evaluation that NIEM 2.0 would significantly contribute to the
achievement of each of the strategic goals;

3. Aranking of the importance of the strategic goals to the local agency;

4. An evaluation of the Global Justice XML Data Model ( GIXDM);

The elicitation forms used are shown in the appendices. Appendix A is the
elicitation form for both the conditional and unconditional probability of the performance
outcomes. Appendix B contains the ranking of the outcomes and Appendix C, the seed
elicitation.

The data collection tool was an on-line survey where respondents were asked for
probability assessments. Respondents were not asked to give specific piredahit to
choose from one of five ranges: less than 10%, 10% to 40%, 40% to 60%, 60% to 90%,
and greater than 90%. The elicitation was designed in this fashion to allow the expert
greater freedom in responding in areas where exact probabilities wouldylubffreult.

The elicitation was tested both within 1JIS and externally and was reediteerous

times before the final version was sent to the experts.
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The assurance of anonymity for the respondents was key to the value of the data.
As government employees, there is a natural resistance to openlyepticgrams
developed by the government. The reputation of 1JIS in the field was critiashtargee
this anonymity. An initial set of forty experts was chosen and elicited tizipate in the
study. After one week, a second request was sent. A total of seventeen espertsed,
with fifteen taking part in the study and two opting out. A second solicitation wagsent
twenty newly-identified experts. Once an additional five had responded thatlici
was closed. This produced a total of twenty respondents, one of whom failed to rate two
of the seed questions.

In this modified Delphi, experts were not informed of who else was being
elicited, nor were they given the results and allowed to re-submit their response
Justification for using the modified Delphi is provided by (Mostaghimi 2001).

Information collection for expert-assisted decision making becomedeggtra
variable under a weak assumption that the final decision is dependent on the design used
to collect the result. Under this assumption the information from the experts and the
decision made may be different for different information collection desigriee fbtus
is on the information collected and not on the collection process it does not matter what
method is used to collect the data. Thus, no matter what process is used to collect
information, as long as the same information is collected the final decisidrevtfie
same. In the Delphi method the judgments are anonymous. Results can be redistribute
the experts, who can revise their input if consensus is desired (Meyer and Booker 1991).
In this study consensus was not required. The wide range in the responses is additional

information relating to the level of uncertainty among the experts.
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Identify the Experts
Two criteria were used when selecting experts: an in-depth knowledgesabf lo

law enforcement management issues and knowledge of the impact that thelGstibal

XML Data Model (GJXDM) has had on local law enforcement agencies. GJXDM is an

information exchange model and is the predecessor of NIEM 2.0. This would ensure that

the experts would be able to assess the value of NIEM 2.0 to law enforcement operations.
A list of potential experts was developed by 1JIS from their contact infaymati

These people were known to have the requisite in-depth knowledge of local law

enforcement administration. Experts included people currently associateldeaik,

state, and federal law enforcement or from the private sector, all of whonexXtavsive

experience with local law enforcement administration. An assessment ofxpactise

knowledge of GIJXDM was performed in the elicitation using the seed questions.

Elicitation Process
For this study | have chosen the Technological Integrator (T1) processdléfy

the NRC, which was previously mentioned in Chapter 2, and is shown in Figure 15. As
shown in the figure below, the Tl process includes a total of ten steps. The diest thr
steps are the same for both the Tl and the Technical Integrator & Faxslif@tlF)

process. The remaining seven steps are specific to the Tl process.

In step one, the need for an expert elicitation process is the need to determine the
probability of successful outcomes caused by the adoption of NIEM 2.0 standards. This is
the desire to have a non financial decision tool for technology projects. Fowetdpe
study leader is the School of Engineering and Applied Science at The George

Washington University and the Integrated Justice Information SystefitatelsThe
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study level defined in step three is a case study of the impact of the adoptiorivb2NIE
standards on local law enforcement agencies.

Step four begins the Tl-specific part of the process and the author of this paper
served as the technical integrator. Selection of the peer reviewers, requsteqd five,
was performed by 1JIS. For step six the technical issues were developethasing
Department of Justice NIEM 2.0 goals and local law enforcement stratedsc §tep
seven, the collection of information was preformed by the elicitation tool mangged b
IJIS. Step eight, analysis of the data is performed by the author of this pdper a
presented in Chapter 5, while the peer review is performed by the Departriastiof

NIEM 2.0 outreach team. Step nine and ten are addressed in Chapter 6.

Tdcmii":_,.' Need of an |
Expert Elicitation
Process

+

i Select Study Leader ]

I S

— 1

Define Study Level |

I
T Process
L A—

Seclect Technical
Integrator {T1)

| Identfy and scloct pecr
reviewWers

Ideritify technical issues. available mmformation, design
analyses, information sources, and retrieval methods
| Perform anzlyses, collect nformation relevant to
: Issanes, and cstiimate pecdod quantitices
- 1 .
w w
Perform data | Administer pear
diagnaostic e 1
J | |
T - — — 1]

— *
[ Rewvise estimated quantitwes, and respond 1o pocr

ewvaews

-

Document process and
communicate results

Figure 15: NRC TI Elicitation Process
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Validating the Experts
Validation of the experts’ background in local law enforcement administration

was done by by 1JIS. Experts selected were known to the senior admumsatalilS

and had extensive experience and knowledge of the issues facing local lawraefdrc
agencies. One of the most important steps was to validate the experts’ knowledge of
information-sharing tools and their impact on local law enforcement agemoies
validate the experts’ knowledge in GJXDM, a set of seven seed questions waiedncl
in the elicitation, (see Appendix C). Experts’ answers to these seed questiens we
compared to overall group responses to ensure a minimum level of knowledge in the
subject area.

The responses from each of the experts were first plotted to ensure a normal
distribution. Questions about GJXDM were developed with 1JIS, and included one
guestion that was expected to produce a low result. The questions used are listed below:
Improve the agency’s ability to use information.

Improve the agency’s ability to solve crimes.
Gain greater access to internal information.

Gain greater access to external information.
Provide better training at the agency.

Provide better access to information.
Reduce the cost of building information exchanges.

NoakwNpE

A low score was projected for question five, since it is not directly relatedaianation
exchange.

Validating the data in a normal distribution ensures the applicability of thieate
limit theory. This test is preformed using cumulative distributive functid~)raph.
Additionally a probability plot will be made for each of the expert responseswilhi

also indicate a normal distribution with the responses plotted with 95% confidenlee leve
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The probability plot makes interrupting the distribution less intuitive, while e C

helps in comparing distributions.

T-Test
Once normal distribution has been established, testing the means of the experts

responses compared to the expected value will be performed. For this evaluati@sian F
will be used. A paired t-test may be used to show mean differences between paired
observations the number of tests with twenty experts would be excessive. Testing 3
means two at a time requires 3 t-tests, while for 5 means, 10 t-testsded,reed for

the 20 experts in this study, 190 t-test comparisons would be required. In andest, t
means are compared at one time and the others ignored, and when one is comparing two
means at a time the probability of rejecting the null hypothesis, (a Biper), is

increased (Montgomery 2005). A type | error occurs when a hypothesisatedeyvhen

it is, in fact, true. The t-test is better suited to analyzing the shift in meamsdoe

specific questions in the analysis of the probability shift between the uricoatiaind

conditional elicitations. The statistic for the t-test is shown in equation 18:

Equation 18: t - test statistic

Xy — X,
t =
var var
1. 2
ny n,

F-test ANOVA
With an F-test all the means are compared simultaneously. When there are only

two groups, the F-test is essentially the same as the t-test. When ¢henéydwo
groups are being analyzed the F-test will produce the results that araleojuio the t-

test. Wherd is the Studentsstatistic, F ratio +.
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When the F-test is applied to three or more populations it is called an analysis of
variance (ANOVA). For groups of three or more, the F-test or ANOVA canstrdw
that a difference exists, but cannot reveal where the difference lies. Titioraal tests
performed on the data are the Tukey and the Dunnett. The Tukey test will show in which
pair the difference lies, while the Dunnett will be used to compare each sxpsgbnse
with the overall average or expected value.

The formula for an F-test in multiple-comparison ANOVA problenis is
(between-group variability) / (within-group variability). The F-testistic is simply the
ratio of two sample variances. The statistic for the F-test is shown in equation 19:

Equation 19: F-test Statistic

_5°

_522

F

Tukey Analysis
The Tukey analysis is used in ANOVA to create confidence intervals for all

pairwise differences between factor-level means. The family eteisrane of the

outputs of the Tukey that is important to consider. When making multiple comparisons
the chances of making a type | error for a series of comparisons is gneaténe error

rate for any one comparison alone. To counter this higher error rate, Tukelytmdmet
adjusts the confidence level for each individual interval so that the resultingssieais
confidence level is equal to the value specified. Turkey uses a wider confidtealj
99.35% as compared to 99.5%, which can change a conclusion. Confidence intervals

produced by the Turkey analysis that contain zero suggest no difference.

Dunnett Analysis
Dunnett's method for multiple comparisons is used in ANOVA to create

confidence intervals for differences between the mean of each fagtbalel the mean
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of a control group. If an interval contains zero, then there is no significant ddéere
between the two means under comparison. With the Dunnett analysis, a familgterror r
for all comparisons and Dunnett’'s method determines the confidence levelstfor eac
individual comparison accordingly. The Dunnett analysis is used to evaluate each

expert’s responses against the seed values.

Ranking the Performance Outcomes
Outcomes are ranked in two separate ways: firstly, by importance of the eutcom

and secondly, by probability of success for each outcome. While all outcomes rbay not
achieved the ranking will give the decision maker a perspective on the imgoofanc
those that are achieved. By ranking the experts’ consensus of importancejdioe dec
maker will have a baseline for their evaluation. A decision maker may hafferari
ranking based on their agency’s current needs and could use whichever ranking they
think best. For the purposes of this study, the ranking of the experts will be used.
Allowing the decision maker to rank outcomes that correspond to their needs is the same
as allowing the decision maker to set different risk adjustment factors badke size of
the investment or the duration of the project.

No matter what the ranking, the decision maker will be able to see the prgbabilit
of successful outcome for the performance outcomes most important to trem. It i
entirely possible that the ranking can be different for different decisioenhakthe
process. This does not change the process, but indicates the flexibility of thisf form
evaluation.

Once the outcomes are ranked, analysis of their probability of success will be
performed. For this study the ranking of the experts is used. An analysis is then

performed on the four highest ranked outcomes and the corresponding probability of
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success. A decision maker can then decide on the applicability of this techmmology t

achieving strategic goals.

Analysis of the Data
The elicitation on ranking is compiled from the data provided by the validated

experts. The distribution of the data collected for both the conditional and unconditional
responses is determined and then probabilities are applied to the prioritizedhéist. T
ranking of the unconditional probabilities will provide the worst-case scenarioefor t
decision maker, while the conditional probabilities may be more realisticcartgbtion
used for the analysis was that NIEM 2.0 would also be adopted by neighboring law
enforcement agencies. Since NIEM 2.0 is an information-sharing tool, it is edkat
this will have a material impact on the various probabilities.

The responses of the validated experts will be tested for distribution. Comparison
to the conditional probabilities will then be performed via t-test to determineshiitif
any, occurred. Equal weighting of the experts, validated from the seed datze uséd

to produce the overall probability for each performance outcome.

Data Collection Trace Matrix
The data table collection trace matrix in figure 19 showselationship between

the goals of the study, the elicitation and the software tools used for the ievaluat
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Probability of
Outcomes

Conditional
Probability of
Outcomes

Ranking

GJIXDM
Validation

Performance Seed Data Ranking
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Figure 16: Data Collection Trace Matrix
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Chapter 5 Findings

The elicitation produced three sets of data. The first is the seed data @rpuest
asked about the Global Justice Extended XML Data Model (GJXDM). These seven
guestions were designed to validate the experts’ knowledge of metadatg tatlg
used by law-enforcement agencies. The second set of data is a ranking of the
performance outcomes to ensure that they are appropriate for local laceemndéot
agencies. The third set of data contains the elicitation on the probability of $ulccess
outcomes. This data consists of two sets of probability projections for ten outcomes,
when NIEM 2.0 is adopted. The first is for an unconditional adoption of NIEM 2.0, while
the second surveys the same outcomes with the condition that other local aigatheies

immediate area also adopt NIEM 2.0.

Raw Data
The raw data from the elicitation is shown in the appendices. The actual raw data

is only useful until the experts have been validated. Once the final number osexpert
established the data will be updated. The raw data contained in the appisnakces

follows:

Appendix A — Elicitation for Conditional and Uncatidnal Outcomes
Appendix B — Elicitation for the ranking of Outcome

Appendix C — Elicitation Seed Questions

Appendix D — Raw Data for Unconditional Adoption NiEM 2.0
Appendix E — Raw Rating Score for Unconditional ptlon on NIEM 2.0
Appendix F — Descriptive Statistics for Raw Uncdiuttial Data by Expert
Appendix G — Descriptive Statistics for Raw Uncdiwtfial Data by Questions
Appendix H — Raw Data for Conditional Adoption ofBWM 2.0

Appendix | — Raw Rating Score for Conditional Adopton NIEM 2.0
Appendix J — Descriptive Statistics for Raw Coratifil Data by Expert
Appendix K — Descriptive Statistics for Raw Conglital Data by Question
Appendix L — Raw Data for Performance Outcome Ragpki

Appendix M — Raw Rating Score for Performance Ontedranking
Appendix N — Elicitation Seed Questions

Appendix O — Raw Rating Score for GJXDM Seed Quoesti

Appendix P — Descriptive Statistics for Raw Seethlly Expert
Appendix Q — Descriptive Statistics for Raw SeedaDzy Question
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Validating the Experts with Seed Data
As stated, the elicitation produced four sets of data. The first is the seed data or

guestions asked about the Global Justice XML Data Model (GIJXDM). These seven
guestions were designed to validate the experts’ knowledge of metadata tadjgi
used by law-enforcement agencies.

The following figures represent the normal probability distributions of the
average responses. The data represents 140 data points and falls into a normal

distribution. This is expected, since the seven seed questions were designed to produce a

range of answers.

Probability Plot of the Seed Data
Normal - 95% CI
99
Mean 56.99
StDev 13.90
95 N 7
4 AD 0.279
&Y P-Value 0.529
80
whd
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0 20 40 60 80 100 120
Average for 20 Experts

Figure 17: Probability Distribution of Seed Data Awrage for 20 Experts

The plot produces a p-value of 0.529 which is well within the 95% confidence

interval of 0.05. Each expert has only 7 data points, so a normal distribution with a 95%
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confidence interval would not be expected in every case. A boxplot of the means

indicated a problem with two of the experts.

Boxplot of of Seed Data for 20 Experts
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Figure 18: Boxplot of Seed Data for 20 Experts

The responses of experts 11 and 18 appear to be nearly uniform. This is

confirmed with a probability plot for each of these experts. The results are ghtve

figure below:
Probability Plot of Expert 11, Expert 18
Normal - 95% CI
45.0 47.5 50.0 52.5 55.0
Expert 11 Expert 18 Expert 11
99 99 Mean 92.14
StDev 7.559
95 95 N 7
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207 L] 80 [ Expert 18
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Figure 19: Probability Plot for Experts 11 and 18
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In this plot we see a p-value of 0.005 for expert 11 indicating that there is a 0.995
chance that the distribution is not normal. Expert 18 has a uniform distribution, so the p-
value for a normal distribution cannot be calculated.

Expert 18 answered at the midpoint for every seed question, while expert 11
answered at the high point for six of the seven questions. While this may be a valid
opinion, it could also indicate a lack of understanding of the value of GIJXDM, or a desire
to not participate. For these reasons, both expert 11 and 18 have been eliminated from the
study.

Retesting the remaining eighteen experts confirms that the group hasineaire

normal distribution with a p-value of 0.534. This is shown in the figure below:

Probability Plot of Seed Data
Normal - 95% CI

9
Mean 55.37
StDev 15.25
957 N 7
i AD 0.277
90 P-Value 0.534
80
whed
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u -
&
90

1 T T T T T T T
0 20 40 60 80 100 120

Awerage for 18 Experts

Figure 20: Probability Plot of 18 Experts for Seedata
The next step in the verification of the experts is to ensure that each expert’s

answers are in range of the expected value or, in this case, the overall aveisage. T
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done with an analysis of variance (ANOVA). An ANOVA analysis will shoalliof the
means are from the same population. This is indicated by the p-value; if the psvalue
less than the alpha, one can conclude that at least one mean is different. Thealpha i
minus the confidence interval. For this test a confidence interval of 95% or 0.95 is used,
hence a p-value of less then 0.05 indicates that at least one mean is differenthe)
software tool Minitab, an ANOVA on the remaining eighteen experts produced the

results shown in the figure below:

One-way ANOVA: on Seed Data for 18 Experts
Sour ce DF SS VS F P
Fact or 17 26748 1573 2.69 0.001
Error 106 61954 584

Tot al 123 88702

S=124.18 RSq=30.15% R-Sg(adj) = 18.95%

I ndi vi dual 95% Cls For Mean Based on
Pool ed St Dev

Level N Man StDev -4+--------- S R o Fomme oo

Expert 1 7 39.29 24.40 (----- *ooo-- )

Expert 2 7 70.00 25.00 (----- oo )

Expert 3 7 60.71 13.36 (----- L )

Expert 4 7 53.57 17.25 (----- A )

Expert 5 7 60.00 27.23 (----- oo )

Expert 6 7 52.86 25.31 (----- oo )

Expert 7 7 64.29 13.36 (----- i )

Expert 8 7 66.43 25.93 (----- * oo )

Expert 9 7 32.14 12.20 (----- L ap—— )

Expert 10 7 46.43 22.49 (----- oo oo. )

Expert 12 6 66.67 20.41 (----- oo )

Expert 13 7 60.71 19.67 (----- oo )

Expert 14 7 56.43 26.57 (----- L )

Expert 15 7 57.86 36.84 (----- L )

Expert 16 7 53.57 45.98 (----- [ )

Expert 17 7 16.43 10.69 (----- oo )

Expert 19 7 80.71 9.76 (----- oo )

Expert 20 6 69.17 27.28 (----- LR )
e o B U B U e m e e oo
0 30 60 90

Pool ed StDev = 24. 18

Figure 21: ANOVA on Seed Data for 18 Experts
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The ANOVA produced a p-value of 0.001, which is far below the alpha of 0.05. It
is evident that at least one mean is far removed from the group. Another boxplot graph

provides a visual that indicates that experts 17 and 19 appear to be the furthdse from t

average.
Boxplot of Seed Data for 18 Experts
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Figure 22: Boxplot of Seed Data for 18 Experts

Another graphic showing the difference in means is the Cumulative Distribution
Function (CDF) where the cumulative value of each experts answers ard.ploge

combined CDF's of the remaining eighteen experts are presented below.
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Empirical CDF of Seed Data for 18 Experts
Normal
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Figure 23: CDF of Seed Data for 18 Experts

Even with the number reduced to eighteen experts, it can be difficult to

distinguish the granularity of the individual experts. The figure below is a plepefts

17 and 19 with the average of the eighteen experts in the group.

Empirical CDF Group Average with Experts 17 and 19
Normal
- _—_—_— Variable
100 :' p - Average
| / — — Expert17
Expert 19
e /:/ Mean StDev N
/ I 55.37 1525 7
t | / 16.43 10.69 7
960 (| 8071 9759 7
) /|
40 | /
|/
| /
207 |/
¥
— < |
0_ _____ G L
T T T T T T
0 20 40 60 80 100
Data

Figure 24: CDF Group Average with Experts 17 and
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While the graphic presentations indicate which experts may be the problem,
another ANOVA is needed to provide certain identification. This ANOVA is pexdar
with a Dunnett analysis. A Dunnett compares the mean of each expert to the ningan of t
group. For this analysis a 95 % confidence interval is used.

With the Dunnett comparison, an interval needs to contain zero to indicate that
there is no statistical difference. Expert 17 fails to meet this test, edplert 19 passes.

The results of the Dunnett analysis are shown in the figure below.
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One-way ANOVA: Seed Data for 18 Experts with Dunnet t Comparisons
Sour ce DF SS M5 F P
Fact or 18 26749 1486 2.63 0.001
Error 112 63350 566
Tot al 130 90099
S =23.78 RSq=129.69% RSqg(adj) = 18.39%
I ndi vi dual 95% Cls For Mean Based on
Pool ed St Dev
Level N Mean StDev -+--------- Fommamo - Fommamo - e
Expert 1 7 39.29 24.40 (------ LR )
Expert 2 7 70.00 25.00 (------ oo )
Expert 3 7 60.71 13.36 (------ LR )
Expert 4 7 53.57 17.25 (------ oo )
Expert 5 7 60.00 27.23 (------ LI )
Expert 6 7 52.86 25.31 (------ LT )
Expert 7 7 64.29 13.36 (------ LI )
Expert 8 7 66.43 25.93 (------- AT )
Expert 9 7 32.14 12.20 (------ LI )
Expert 10 7 46.43 22.49 (------- LT )
Expert 12 6 66.67 20.41 (------- L )
Expert 13 7 60.71 19.67 (------ LR )
Expert 14 7 56.43 26.57 (PR )
Expert 15 7 57.86 36.84 (------ oo )
Expert 16 7 53.57 45.98 (------ L )
Expert 17 7 16.43 10.69 (------- oo )
Expert 19 7 80.71 9.76 (------ REEEEEE )
Expert 20 6 69.17 27.28 (------- LR )
Avg 18 Experts 7 55.37 15.25 (------ REEEEEE )
e . . Fomm e
0 25 50 75
Pool ed StDev = 23.78
Dunnett's comparisons with a control
Famly error rate = 0.05
I ndi vidual error rate = 0.0041
Critical value = 2.93
Control = Avg 18 Experts
Intervals for treatnment nmean mnus control nean
Level Lower Center Upper --+--------- Fomme e Fomme e Fomm oo
Expert 1 -53.34 -16.08 21.18 [ F o )
Expert 2 -22.63 14.63 51.89 (--------- . )
Expert 3 -31.91 5.35 42.61 T —— LR )
Expert 4 -39. 06 -1.80 35.47 (--------- R )
Expert 5 -32.63 4.63 41.89 [ B )
Expert 6 -39.77 -2.51 34.75 (----mm--- LSRR )
Expert 7 -28.34 8.92 46.18 T F oo )
Expert 8 -26.20 11.06 48.32 (--------- MR )
Expert 9 -60.49 -23.22 14.04 (--------- MR )
Expert 10 -46.20 -8.94 28.32 [ LR )
Expert 12 -27.48 11.30 50.08 (---------- F oo )
Expert 13 -31.91 5.35 42.61 G — LR )
Expert 14 -36.20 1.06 38.32 (--------- F oo - )
Expert 15 -34.77 2.49 39.75 (------mm-- F oo )
Expert 16 -39.06 -1.80 35.47 (--------- F oo )
Expert 17 -76.20 -38.94 -1.68 (---------- LR )
Expert 19 -11.91 25.35 62.61 (-----m--- LSRR
Expert 20 -24.98 13.80 52.58 (CET - LR )
I [ R [ R E S,
-70 -35 0 35

Figure 25: ANOVA: Seed Data for 18 Experts with Dumett Comparisons
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In the Dunnett comparison the interval for expert 17 goes from a low of -76.20 to
a high of -1.68. This interval does not include zero. The interval for expert 19 goes from a
low of -11.91 to a high of 62.61, which does include zero. All other experts have intervals
which include 0. As a result of the Dunnett analysis, expert 17 is eliminated andl&xpert
is included in the evaluation, along with the remaining experts.

For completeness the data of the final seventeen experts is shown belowtHirst w

a probability plot, then a boxplot, a CDF plot and an ANOVA analysis.

Probability Plot of Seed Data
Normal - 95% CI

9
Mean 57.69
StDev 15.87
957 N 7
AD 0.303
& P-Value 0.474
80
whd
207
m -
50

1 T T T T T T T
0 20 40 60 80 100 120
Awverage for 17 Expperts

Figure 26: Probability Plot for the Final 17 Experts

As shown, the data from the final 17 experts has a normal probability distribution,

with a p-value of 0.474. The boxplot and CDF plot shown below indicate that all of the

means are consistent.
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Boxplot of Seed Data for Final 17 Experts
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Figure 27: Boxplot of Seed Data for the Final 17 Eperts
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Figure 28: CDF of Seed Data for the Final 17 Expest
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One-way ANOVA: on the Seed Data for the Final 17 Ex perts

Sour ce DF SS VS F P
Fact or 16 15268 954 1.56 0.095
Error 100 61268 613

Tot al 116 76536

S = 24.75 R-Sg = 19.95% R-Sg(adj) = 7.14%
I ndi vi dual 95% Cl's For Mean Based on
Pool ed St Dev

Level N Man StDev ----- o o . oo o
Expert 1 7 39.29 24.40 (------- [ )
Expert 2 7 70.00 25.00 (------ oo )
Expert 3 7 60.71 13.36 (------ X )
Expert 4 7 53.57 17.25 (------ oo )
Expert 5 7 60.00 27.23 (------ * oo )
Expert 6 7 52.86 25.31 (------ [ )
Expert 7 7 64.29 13.36 (------- R )
Expert 8 7 66.43 25.93 (------- * oo )
Expert 9 7 32.14 12.20 (------- oo )
Expert 10 7 46.43 22.49 (------- [ pp—— )
Expert 12 6 66.67 20.41 (------- * oo )
Expert 13 7 60.71 19.67 (------ * oo )
Expert 14 7 56.43 26.57 (------- oo )
Expert 15 7 57.86 36.84 (------ [ )
Expert 16 7 53.57 45.98 (------ oo )
Expert 19 7 80.71 9.76 (------ koo .. )
Expert 20 6 69.17 27.28 (------- * oo )
----- L e L L S
25 50 75 100

Figure 29: ANOVA on the Seed Data for the Final 1 Experts

In summary, the validation of the experts removed three experts from the pool.
Experts 11 and 18 had a uniform distribution which invalidated their responses. Expert
17’s responses were too far from the average to be considered part of the same
population. The rest of the analysis is based on the seventeen remaining experts.

Changing the number of experts also changes the descriptive statistidhdise
presented in Appendix P and Q. The final descriptive statistics for ttelat®e based on

seventeen experts, is presented in Appendix R and S.

Ranking
With the number of experts now set at seventeen the ranking was calculated. The

results show a very tight range, from 4.65 to 6.24 on a scale of one to ten, this tight rang
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is discussed further in Chapter 6 under areas for future study. The tablesistetiogy |

outcomes with their scores and rankings.

Table 6: Ranking NIEM 2.0 Performance Outcomes

Rank Score

1 Reduce crime in my jurisdiction 6.24

2 Respond to disasters in my jurisdiction 6.00
3 Improve internal communications at my agency 5/94
4 Increase the professionalism of my agency 5(82
5 Prevent terrorist attacks in my jurisdiction 5.53
6 Cut the cost of information sharing for my agency 547
7 Prevent terrorist attacks in the country 5.85
8 Streamline justice administration in my agency 513
9 Improve public confidence in the justice system in my jurisdiction 5.00
10 Address emerging law enforcement issues 4.65

One unexpected result was the low ranking of preventing terrorist attacks. This
guestion was asked in two ways: preventing terrorist attacks in the country and
preventing terrorist attacks in the local jurisdiction. As expected, pregestiacks in the
local jurisdiction was ranked the higher of the two, but only fifth place overall.
Preventing attacks in the country was ranked even lower, in seventh place. An
explanation for this low ranking may be that the experts were represertaig |
jurisdictions and preventing terrorist attacks at the national level isgpensibility of
the federal government? However, there is no evidence in the study to supporathis ide

The low rankings of these national goals justifies is a justification of thsialec
to keep the solicitation anonymous. It is doubtful that all the experts would have ranked
these national goals as low if they had thought that their placement would be known.
Preventing terrorist attacks is a primary justification for signifieamobunts of funding
from the federal government. In addition, this is the number one goal of theiiDepta

of Justice and Homeland Security. It is probable that local law-enforcenaeigers
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would not have been so frank if anonymity were not assured. Again, there is no data in
the study to verify this conjecture.

The mix between administrative and operational goals is also a point of interest.
Of the top four goals, two could be considered operational goals: reducingaciiine
responding to disasters. Goals three and four, increasing professionalism anngnpr
internal communications, are more administrative goals. Is it possibléithatik
reflects the choice of experts with both administrative and operational rés|pioes?
As with the question of preventing terrorism, there is nothing in the solicitation to
confirm this idea. Both of these issues will be explored further in Chapter 6 unaer are
for future study, but for the purposes of this study, we will use the rankingaetsiyg

the experts with no analysis as to the reasons for those rankings.

Outcome Probability
The following section reviews the results of the expert elicitation on the

probability of achieving the strategic goals. The review includes the unicoradiiaind
conditional elicitations, as well as a combination of the data sets.

Elicitation data was collected in five groups or buckets. The central linoitethne
holds that a normal distribution with a large enough data set the mean of each bucket will
be the center point. However, for any individual expert the all points in the rangarhave
equal probability of being selected. Therefore, a Monte Carlo applicat®nsea to
assign specific probability to each expert’s response for the conditional aymtlitional
elicitations. This was done using MatLab R2007a, software to generate a random
number within each range for each response. The formula used in MatLab was;

x = a + (b-a)*rand
Equation 20: MatLab Random Number Generator

96



Where x equals the random number, a equals the lower bound of the bucket, b
equals the upper bound of the bucket, and rand equals the internal MatLab random

number generator. The results are shown in Appendix X and Y.

Unconditional Elicitation
Descriptive statistics for the final 17 experts are shown in Appendix T and U.

The probability of a local law enforcement agency achieving strategis gy
adopting NIEM 2.0 standards by themselves is not high. Only two of the stratelgic goa
have a probability of success greater than 50: increasing professiqraadsimproving
internal communications, with 63% and 53% respectively. Increasing professomli
classified as internal administrative goal, while improving communicatsoas i
operational goal. The other administrative goals of cutting the cost, strieenlistice,
improving public confidence and emerging law-enforcement issues received@&so
38%, and 45% respectively. As shown in the table, the operational goals all finished
lower than most of the administrative goals, with reducing crime rece3@ig
responding to disasters 43%, and preventing terrorist attacks, both in my fionmsdicd
in the country with 30%. The table below shows the unconditional probability of success

listed by the priority rank of the seventeen experts.
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Table 7: Probability of Achieving Goals with the Urconditional Adoption of NIEM 2.0

Unconditional

Rank Probability
1 Reduce crime in my jurisdiction 38%
2 Respond to disasters in my jurisdiction 43%
3 Improve internal communications at my agency 53%
4 Increase the professionalism of my agency 63%
5 Prevent terrorist attacks in my jurisdiction 30%
6 Cut the cost of information sharing for my agency 46%
7 Prevent terrorist attacks in the country 30%
8 Streamline justice administration in my agency 46%
9 Improve public confidence in the justice system injmy  38%

jurisdiction

10 | Address emerging law enforcement issues 45%

Conditional Elicitation

Appendix V and W. The responses to the conditional elicitation dramaticallagecte

The reduction in the number of experts has produced the descriptive statistics in

the probability of achieving successful outcomes, as seen in Table 8.

Table 8: Probability of Achieving Goals with the Canditional Adoption of NIEM 2.0

Conditional
Rank Probability
1 Reduce crime in my jurisdiction 60%
2 Respond to disasters in my jurisdiction 73%
3 Improve internal communications at my agency 62%
4 Increase the professionalism of my agency 69%
5 Prevent terrorist attacks in my jurisdiction 51%
6 Cut the cost of information sharing for my agency 76%
7 Prevent terrorist attacks in the country 52%
8 Streamline justice administration in my agency 79%
9 Improve public confidence in the justice system injmy  55%
jurisdiction
10 | Address emerging law enforcement issues 66%

standards along with the local agency, the probability of success for sitdabegic goals

With the condition that other local law-enforcement agencies adopt NIEM 2.0
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is above 50%. Seven of the strategic goals are above 60% and three are above 70%. The

four strategic goals with the highest priority are all 60% or more.

Combining Unconditional and Conditional Data
While the differences between the unconditional and conditional elicitations

appear obvious the data must be tested to ensure that there is an actual movément of t
mean. The two highest probabilities are for the administrative goals afdineng

justice and cutting cost, with a 79% and a 76% probability respectively. In théicoali

set all operational strategic goals are 50% or greater, with the opergtahaf

responding to disasters now the third highest, with a 73% probability. The follcaileg t
provides a visual look at the data showing the percent change between the two

elicitations.

Table 9: Probability of Achieving Goals with the Canditional Adoption of NIEM 2.0

Unconditional | Conditional %
Rank Probability Probability | Change

1 Reduce crime in my jurisdiction 38% 60% 58%

2 Respond to disasters in my 43% 73% 70%
jurisdiction

3 Improve internal 53% 62% 17%

communications at my agency

4 Increase the professionalism of 63% 69% 10%
my agency

5 Prevent terrorist attacks in my 30% 51% 70%
jurisdiction

6 Cut the cost of information 46% 76% 65%

sharing for my agency
7 Prevent terrorist attacks in the 30% 52% 73%
country

8 Streamline justice administration 46% 79% 72%
in my agency

9 Improve public confidence in the 38% 55% 45%

justice system in my jurisdiction
10 Address emerging law 45% 66% 47%
enforcement issues
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Some of the changes appear to be large, (over 70%), while others look to be very
small, (as little as 10%). In order to confirm that there is a statfligtisignificant
difference in the means, a paired t-test must to be done for each question. Usialg, Mini
a paired t-test was preformed between the unconditional and conditionaliefisifabm
the seventeen experts for each of the ten questions. The t-test comparestiier e
unconditional date with the mean for the conditional data to verify if a shift hagedcur
As was the case with the ANOVA analysis the p-value representsiliidence
interval. A p-value of 0.05 or higher indicates a 95% confidence interval thaalthe
hypothesis is true. In this case that would be that the mean from the unconditional
elicitation is from the same data as the mean from the conditional edicitefor
guestion one, the probability, or confidence interval, that the means are fromesepara
populations is greater than 99.7%.

Paired T Unconditional/Conditional Preventing terrorist attacks in the country

N Mean StDev SE Mean

Uncondi tional Ques.1 17 30.24 21.63 5.25
Condi tional Ques.1 17 51.71 29.09 7.05
Di fference 17 -21.47 25.63 6. 22

95% Cl for mean difference: (-34.65, -8.29)
T-Test of nean difference = 0 (vs not = 0): T-Value = -3.45 P-Value = 0.003

Boxplot of Differences - Preventing terrorist attaks in the country
Unconditional/Conditional (with Ho and 95% t-conéidce interval for the mean)

T T T T T T
-70 -60 -50 -40 -30 -20 -10 0 10 20
Differences

Figure 30: Paired t-test and Boxplot for Question Preventing terrorist attacks in the country
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The results for each question follow with a boxplot representation of the t-
test. The boxplot graphic shows where the null hypotheses Ho falls with respect t
theX . To accept the null hypothesis the Ho would have to be on thee.

Paired T Unconditional/Conditional Preventing Terrorist attacks in my jutigdic

N Mean StDev SE Mean

Uncondi ti onal Ques.2 17 29.71 23.72 5.75
Condi tional Ques.?2 17 50.65 23.09 5. 60
Di fference 17 -20.94 24.17 5. 86

95% Cl for mean difference: (-33.37, -8.51)
T-Test of nean difference = 0 (vs not = 0): T-Value = -3.57 P-Value = 0.003

Boxplot of Differences - Preventing terrorist attaks in my jurisdiction
Unconditional/Conditional (with Ho and 95% t-conéidce interval for the mean)

-70 -60 -50 —4'0 —3'0 —2'0 —1'0 0 10 20
Differences

Figure 31: Paired t-test and Boxplot of Question Preventing terrorist attacks in my jurisdiction
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Paired T Unconditional/Conditional — Respond to disasters in my jurisdiction

N Mean StDev SE Mean

Uncondi tional Ques.3 17 42.76 26.49 6. 43
Condi tional Ques.3 17 73.00 24.96 6. 05
Di fference 17 -30.24 19.44 4.72

95% Cl for mean difference: (-40.23, -20.24)
T-Test of nean difference = 0 (vs not = 0): T-Value = -6.41 P-Value = 0.000

Boxplot of Differences - Respond to disasters in mjurisdiction
Unconditional/Conditional (with Ho and 95% t-con@dce interval for the mean)

-80 -70 -60 -50 -40 .30 -20 10 0
Differences

Figure 32: Paired t-test for Question 3 Respondintp disasters in my jurisdiction

Paired T Unconditional/Conditional — Streamline justice administration in rmcgge

N Mean StDev SE Mean

Uncondi ti onal Ques.4 16 46.06 29.33 7.33
Condi tional Ques.4 16 79.13 23.12 5.78
Di fference 16 -33.06 27.97 6. 99

95% CI for nean difference: (-47.97, -18.16)
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.73 P-Value = 0.000

Boxplot of Differences - Streamline justice adminigration
Unconditional/Conditional (with Ho and 95% t-confidence interval for the mean)

9 80 -70 60 -50 40  -30  -20  -10 0
Differences

Figure 33: Paired t-test for Question 4 Streamlingustice administration
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Paired T Unconditional/Conditional — Cut the cost of information sharing

N Mean StDev SE Mean

Uncondi tional Ques.5 17 46. 47 23.14 5.61
Condi tional Ques.5 17 76.00 25.16 6. 10
Di fference 17 -29.53 27.78 6.74

95% Cl for mean difference: (-43.81, -15.24)
T-Test of nean difference = 0 (vs not = 0): T-Value = -4.38 P-Value = 0.000

Boxplot of Differences - Cut cost of informattion $aring
Unconditional/Conditional (with Ho and 95% t-condidce interval for the mean)

T T T
-100 -75 -50 -25 0
Differences

Figure 34: Paired t-test and Boxplot for Question @t the cost of information sharing

Paired T Unconditional/Conditional Reduce crime in my jurisdiction

N Mean StDev SE Mean

Uncondi ti onal Ques.6 17 38.00 21.46 5.20
Condi tional Ques.6 17 60.12 22.50 5.46
Di fference 17 -22.12 26.11 6. 33

95% CI for nean difference: (-35.54, -8.69)
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.49 P-Value = 0.003

Boxplot of Differences - Reduce crime in my jurisdéition
Unconditional/Conditional (with Ho and 95% t-condidce interval for the mean)

41

T T T T T
-100 -80 -60 -40 -20 0
Differences

Figure 39: Paired t-test and Boxplot for Questioré Reduce crime in my jurisdiction
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Paired T Unconditional/Conditional Improve public confidence

N Mean StDev SE Mean

Uncondi tional Ques.7 16 37.69 22.66 5. 67
Condi tional Ques.7 16 54.63 26.04 6.51
Di fference 16 -16.94 29.42 7.35

95% CI for mean difference: (-32.61, -1.26)
T-Test of nean difference = 0 (vs not = 0): T-Value = -2.30 P-Value = 0.036

Boxplot of Differences - Improve public confidence
Unconditional/Conditional (with Ho and 95% t-conéidce interval for the mean)

I : D

Ho

T T T T T
-75 -50 -25 0 25 50
Differences

Figure 35: Paired t-test and Boxplot for Question 1mprove public confidence in the justice system

Paired T Unconditional/Conditional Increase professionalism

N Mean StDev SE Mean

Uncondi tional Ques.8 17 63.47 25.46 6. 18
Condi tional Ques. 8 17 68.76 21.99 5.33
Difference 17 -5.29 19.61 4.76

95% Cl for mean difference: (-15.38, 4.79)
T-Test of nean difference = 0 (vs not = 0): T-Value = -1.11 P-Value = 0.282

Boxplot of Differences - Increase professionalism
Unconditional/Conditional (with Ho and 95% t-condidce interval for the mean)

T T T
-40 -30 -20 -10 0 10 20 30 40
Differences

Figure 36: Paired t-test and Boxplot for Question 8ncrease the professionalism of my agency
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Paired T Unconditional/Conditional — Improve internal communication

N Mean StDev SE Mean

Unconditional Ques.9 17 53.41 25.51 6.19
Condi tional Ques.9 17 61.94 26.29 6. 38
Di fference 17 -8.53 13.10 3.18

95% Cl for mean difference: (-15.27, -1.79)
T-Test of nean difference = 0 (vs not = 0): T-Value = -2.68 P-Value = 0.016

Boxplot of Differences - Improve internal communicaions
Unconditional/Conditional (with Ho and 95% t-conédidce interval for the mean)

T T T T
-30 -20 -10 0 10
Differences

Figure 37: Paired t-test and Boxplot for Question 9mprove internal Communications

Paired T Unconditional/Conditional Address emerging law enforcement issues

N Mean StDev SE Mean

Uncondi tional Ques.10 17 45.00 28.12 6. 82
Condi tional Ques. 10 17 66.12 22.99 5.58
Di fference 17 -21.12 26.29 6. 38

95% Cl for mean difference: (-34.63, -7.60)
T-Test of nean difference = 0 (vs not = 0): T-Value = -3.31 P-Value = 0.004

Boxplot of Differences Addressi emerging law enforement issues
Unconditional/Conditional (with Ho and 95% t-condidce interval for the mean)

T T T
-60 -40 -20 0 20 40
Differences

Figure 38: Paired t-test and Boxplot for Question @ Address emerging law enforcement issues
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At a 95% confidence level only one question, number eight accepts the null
hypothesis that the mean of the conditional set is equal to the mean of the unconditional
set. All the other questions reject this hypothesis. The p-value for quegtibisei
0.282. With the test statistic confidence interval set at .95 this is well witlge tan
accept the hypothesis. This is also shown on the boxplot graphic for question number
eight, with the Ho on th& line.

A number of the questions show a p-value less then 0.000. This represents a
confidence level of .999 that the means are not equal. Other then question number eight
the next closest question that the hypothesis would be accepted is question number seven
with a p-value or .036 and question number nine with a p-value of .016.. If the paired t-
test for this study required a 99% confidence interval, question number seven and nine
along with number eight would have been accepted. However, the test was with a 95%
confidence interval so only the null hypothesis for this question was accepted.

The p-values for each question indicated on the graphic are shown in the

following table.
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Table 9: t-test Strategic Goals p-values

Strategic Goals P- Value Accept/RejectConfidence
Ho Interval
Prevent terrorist attacks in the 0.003 Reject 0.997
country
Prevent terrorist attacks in my 0.003 Reject 0.997
jurisdiction
Respond to disasters in my 0.000 Reject 0.999
jurisdiction
Streamline justice administration in  0.000 Reject 0.999
my agency
Cut the cost of information sharing  0.000 Reject 0.999
for my agency
Reduce crime in my jurisdiction 0.003 Reject 0.997
Improve public confidence in the 0.036 Reject 0.964
justice system in my jurisdiction
Increase the professionalism of my 0.282 Accept 0.718
agency
Improve internal communications at 0.016 Reject 0.984
my agency
Address emerging law enforcement 0.004 Reject 0.996
issues
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Chapter 6 Conclusions and Recommendations

Conclusions
The case study was not performed to provide a justification for local law-

enforcement agencies to adopt NIEM 2.0, but to prove the hypothesis described in
Chapter 3. The following is a review of each of the four hypotheses included in this
study:
1. The ranking of probability of success for performance will provide a deeision
making tool for public agencies.
2. Performance outcomes have conditional dependencies.
3. Expert elicitation is a valid process to rank performance outcomes.

4. Performance outcomes of an entity developing technology will be the same for
entities tasked with installing and operating the technology.

Evaluation of the First Hypothesis
The first hypothesis was that the ranking of probability of successful oatcton

performance will provide a decision-making tool for public agencies. Using the case
study of NIEM 2.0 the findings show that a list of the probabilities of success for
probability outcomes can be developed. The application of the process will depend on the
decision maker.

The study does not pretend to be a formula for decision making. It does provide a
decision maker with information on the probability that a strategic investméhEM
2.0 will have a significant and positive impact on multiple performance outcomes or
strategic goals. In that regard, it does meet its objective of providingssotlemaker
with another tool to use in areas where quantification is not always an option.

The actual use of the process is being reviewed by the NIEM 2.0 outreach team to
help local law-enforcement agencies justify the adoption of NIEM 2.0 standards. A
preliminary meeting indicated that the results would be included in their effbiits

study would be used in addition to cost-benefit analysis to give the decision makers
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additional information. Since many jurisdictions require cost-benefit aadbrscapital
decisions, this process would not be a replacement for cost-benefit analysis, but a
supplement to it.

The findings produced a list for unconditional and conditional implementation.
The unconditional results indicated that only two of the performance outcomes had a
probability above 50%. Unless these two were highly valued by a decision maker, it is
doubtful that this result would justify the adoption of NIEM 2.0. The conditional results
do provide justification for implementation, with very high probabilities for alrathst
performance outcomes.

Interestingly, in this case study the strategic goal with the fougtrekt
probability of success if unconditional, (and the second if conditional), is cutting the cost
of information sharing. That would indicate that a cost-benefit analysis would be
essential in the decision-making process, however, this outcome was only rattkéa six
importance by the experts. If the decision were based on cost-benefit aldne thest
important performance factors may not even be a factor in the decision-madtegspr

The hypothesis is concerned with providing valuable information for the decision
maker, not with justifying NIEM 2.0. The study justified this by providing scenasios t
both accept and reject expending significant resources on NIEM 2.0. The process
provides information to the decision maker that they would not have otherwise. Based on
the case study there is insufficient evidence to reject this hypothesis.

The study produces a two by two matrix showing how the performance outcome

review supplements the cost benefit analysis.

109



Decision Tool Inputs

Short Term Objectives Cost-Benefit Analysis OL{tPUtS.&

Efficiencies

Long Term Strategic Probability Elicitation Outcomes
Goals

Figure 39: Evaluation / Cost Benefit 2x2 Matrix

Evaluation of the Second Hypothesis
The second hypothesis in this study was that performance outcomes have

conditional dependencies. This was found to be true. The mean probability significantly
shifted on nine of the ten performance outcomes in the study with the addition of the
condition. The evidence shows that the selection of the correct condition can have a
material impact on the performance measures. This is no different than thé timapac
the selection of the correct assumptions can have on a cost-benefit analysisuch as
inflation rate and other economic factors can drastically alter thatsisaly

Since NIEM 2.0 is an information-sharing tool, it is intuitive that having other
local law-enforcement agencies also adopt the standards will improvestswefhess. It
is not surprising then that the two performance measures with an unconditional
probability of success over 50% were internal to the organization. These weasimgre
the professionalism of the agency and improving internal communications. Adding the
condition that neighboring law-enforcement agencies also adopt NIEM 2.0 hadsthe lea
impact on the probability of these two performance outcomes. Increasinggiwofdism
changed by only 10% with the addition of the condition. This was the one performance
measure where the paired t-test p-value of 0.282, did not indicate a different populati

for the mean.
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However, the performance measure, improving internal communications, changed
by 17%. The p-value on this mean shift was 0.036, indicating that the null hypothesi
would be accepted if the confidence interval was 99%. Even with this 17% shift, it was
the second smallest change of the remaining nine performance outcomesghtThe e
remaining performance outcomes all had mean changes greater thenidOtte w
smallest in this group, improving public confidence, changing 45%.

Operational performance measures reflected the greatest dependence on the
condition with an average percent change of 58%. These performance outcomes include
reducing crime, improving internal communications, responding to disasters, and
preventing terrorism both locally and in the country. The average change in
administrative outcomes was 48%. This indicates a greater impact to opérationa
objectives with the condition of NIEM 2.0 being adopted by other local agencies.
Preventing terrorist attacks still had the lowest probability of successigrthup, with
51% for in the jurisdiction and 52% for in the country.

The impact of the condition on the performance measurers is seen in the increase

in the probability of success and that is shown in the figure below.
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Figure 40: Unconditional/Conditional Probability Comparisons

Another way to show the effect of conditional deg@mcies is to see the impact
was universal. Ranking the unconditional succesbability for performance outcom
on a scale from one to 1, with 10 being the most probable and one the Ity and then
matching them to the same ranking for the condai@ticitation wil show if all the
outcomes were affected equa

The following figure shows the change in positiomen the performanc
outcomes are ranked by probability of succeFour of the outcomes held their sa

relative position, whiléhree move up and three moved down.
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Ranking by Probability of Success
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Figure 41: Performance Outcomes Ranked by Probability of Suzess

This analysis indicatethatnine of the ten outcomes increased their probglmfi
success the relative changes were not equal at®sgtThis would lead to th
conclusion that the performance outcomes do independentonditional dependencit
but the condition used did not have a universallysistent impact on all outcom

The evdence shows that the selectof the correct conditiors material whel
evaluating technology or knowledge management gpresst Without the condition ust
in this study, it is unlikely any decision makerwid make any significant investment
NIEM 2.0. However with the condition it has a munbre compding case. In this are
the decision maker will have to decide which cand#g are most relevant to th
situation and are the conditions realis Therefore there is insufficient evidence

reject the hypothesis.
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Evaluation of the Third Hypothesis
The third hypothesis in this study was that expert elicitation is a vali@sdo

rank performance outcomes. Dealing with performance outcomes or strgiatfican
be exceptionally difficult since determining which goal is the most impoidaguich an
arbitrary decision. With goals from both administrative and operational functions a
group decision is essential to rank the outcomes.

Open elicitation may not be as effective solution as the modified Delphi method
used in this study. Using a number of experts from different functions and adezipes
achieve a better mix but most essential was the assurance of anonymiityg. intésnal
or external experts there is a danger that the political correct respoage® given. To
ensure frank and open responses anonymity must be guaranteed.

The basis for this conclusion in the study is the apparent low ranking of the
preventing terrorist attack performance outcomes. Preventing teatbaisks in my
jurisdiction was ranked fifth in importance while, preventing terroristkstéan the
country was down to seventh. Giving the focus by federal, state, and local authodties
the general public opinion it is doubtful that the rankings for these two performance
outcomes would have been so low if the experts had known that their views would be
made public.

Preventing terrorist attacks is the first performance outcome of the Depdrf
Homeland Security. This federal department is responsible for providing restmurces
local agencies to help achieve the goal. If local officials were to opemdytrthat,
improving internal communications and increasing professionalism were moreantport
to them then preventing terrorist attacks they may put this funding and future caree

opportunities in jeopardy.
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The seventeen experts in the elicitation had a full range from one to ten with their
rankings of importance. A plot of the experts ranking below shows that for preyentin
terrorist attacks in the country 53%, or nine of seventeen rankefivie ar less. Four of
the seventeen or 24% ranked it thoedess.

The figures above show the distribution and probability plot of the rankings for

this question from the seventeen experts.

Individual Value Plot of Prevent Terrorist Attacks in the Country
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Figure 42: Individual Value of Prevent Terrorist Attacks in the Country
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Probability Plot of the Rankings by 17 Experts
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Figure 43: Probability Plot of the Rankings for Outcome Preventing Terrorist Attacks in the Country

The responses are not much stronger for the performance outcome of preventing

terrorist attacks in the local jurisdiction. Here the over rank was fifthdset is not

much better. Eight of the seventeen experts ranked the performance outcome at five or

less which was 47%, but the low range of three or less increased to five oEsavent

29%.
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Figure 44: Individual Value Plot of Prevent Terrorist Attacks in my Jurisdiction
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Probability Plot of the Rankings by 17 Experts
Normal - 95% CI
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Figure 45: Plot of the Rankings for the Outcome Preenting Terrorist Attacks in the Jurisdiction

Here again the probability distribution of the seventeen experts is norrha wit
full range from one to ten. This outcome is presented in the figures above.

Buy providing honest and frank assessment of the performance outcomes
importance to local agencies the expert elicitation in this study did providélealua
information for the decision maker. Unconditional adoption of NIEM 2.0 would provide
probable achievement in only two of the ten performance outcomes surveyed, while the
conditional elicitation indicated successful outcomes for all ten goals. Depemithe
amount of resources required the decision maker could accept unconditional adoption
especially if the two performance outcomes were important to them. When ranted by
experts in the elicitation these two performance outcomes with unconditional fitpbabi
of success were ranked third and fourth. In many cases this could be justificatigh enou
for a commitment of resources.

With eight of the performance outcomes falling below a 50% probability of

success, unconditional adoption may not pass a cost benefit analysis. This could happen
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due to the difficulty in quantifying the two performance outcomes that were above 50%
unconditionally. Increasing professionalism would be an outcome especiatiyldifb
quantify. This is where identifying how important these performance outcomesthe
agency could be critical information for the decision maker.

Additionally, as previously mentioned, cutting the cost of information sharing
would drive a cost benefit analysis. As stated with the first hypothesipgtfiismance
outcome was ranked sixth in importance by the experts. If the decision were based on
cost benefit alone the five most important performance factors may not everchw a fa
in the decision making process. Without the elicitation the top five performance
outcomes may not have been identified and therefore not even considered. The evidence

in the study provides insufficient evidence to reject this hypothesis.

Evaluation of the Fourth Hypothesis
The fourth hypothesis in this study was that performance outcomes of an entity

developing technology will be the same for entities tasked with installing andiogera
the technology. This is a common issue in both private as well as public entities.
Technology commitments and entity wide knowledge management programsare oft
adopted at the senior level, while the cost of implementation and operation arediturre
the local level. In this case study the technology was developed by the federal
government while the implementation and operation is done at the state and local level.
The federal governments defined their set of performance outcomes for NIEM ar@ but
these goals sufficient to have the local law enforcement agencies expenestgces
to adopt it.

As can been seen in the table below, when ranked by local law enforcement

experts the two most important performance outcomes were defined bypderndent
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of Justice. In fact in the top seven performance outcomes only two were definedlby |
agencies. This is a clear indication that the performance measures op#rari2at of

Justice are consistent with the performance measures of the local taeeemdnt

agencies.

Table 10: Ranking DOJ and Local Performance Outconmg

Rank Department of Justice Outcomes Score
1 Reduce crime in my jurisdiction 6.24
2 Respond to disasters in my jurisdiction 6.00
5 Prevent terrorist attacks in my jurisdiction 5.53
6 Cut the cost of information sharing for my agency 5.47
7 Prevent terrorist attacks in the country 5.35

Local Law Enforcement Agency Outcomes

3 Improve internal communications at my agency 5.94
4 Increase the professionalism of my agency 5.82
8 Streamline justice administration in my agency 5.13
9 Improve public confidence in the justice system in my jurisdiction 5.00
10 Address emerging law enforcement issues 4165

Assuming the Department of Justice did a good job in developing a tool to meet
their performance outcomes the local law enforcement agencies should adogintteem
they will also meet their goals but the hypothesis is not concerned with that. ghhe hi
ranking of the Department of Justice performance outcomes in this study provides

insufficient evidence to reject this hypothesis.

Recommendations for Future Research
As with every study when questions are researched additional questions arise.

This study is no different. The section that follows identifies three areas ati@itional

research would be beneficial.
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Administrative verses Operational Experts
As mentioned in chapter 5 the tightness of the ranking of the performance

outcomes is a point of interest, but there was nothing explicit in the elicitaticodord

for this. One thought is the background and responsibilities of the experts. Xpdre e

is an operational manager they may be inclined to rank those outcomes higher. The
converse is true for administrative managers. Using most of the perf@maicomes
defined by the Department of Justice as the operational set and those definetilayloca
enforcement agencies as administrative. The only shift is that improving local
communications is a local operational goal, while cutting the cost of infemstiaring

is a Department of Justice administrative goal. The following table showentkiag

split.
Table 11: Ranking Operational and Administrative Oucomes
Rank Operational Outcomes Score
1 Reduce crime in my jurisdiction 6.24
2 Respond to disasters in my jurisdiction 6.00
3 Improve internal communications at my agency 594
5 Prevent terrorist attacks in my jurisdiction 5.53
7 Prevent terrorist attacks in the country 5.85
Administrative Outcomes

4 Increase the professionalism of my agency 5|82
6 Cut the cost of information sharing for my agency 547
8 Streamline justice administration in my agency 513
9 Improve public confidence in the justice system in my jurisdiction 5.00
10 Address emerging law enforcement issues 4.65

Looking at the data from the elicitation a distinction is apparent between the
experts who favored one set of goals over the other. Using the chart below the four

experts who ranked the set of administrative goals the highest can be identifigdarérhe
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experts three, four, nine, and ten. The four esp&ho ranked the set of operatio
goals the highest can also be identified. Theyeaperts numbered six, twelve, fifte
and twenty.

There is nothing in the elicitation to match thegperts to n administrative o
operational position other then their ranking & importance of their respective se’

performance outcomes.

Exprts Ranking by Catagory
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Figure 46. Experts Ranking by Operational and Administrative Performance Outcome

If we thencompare the conditional probability rankings of #usministrative se
of performance outcomes for experts three, foure nand ten and compare them to

elicitation average for the same administrativerseproduce the following grag
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Average Administrative Outcomes
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Figure 47: Average Administrative Outcomes

There is nothing to indicate that these four expftored the administratiy
goals when evaluating the probability of successtuitomes. Performing the sal
analysis on the four experts t ranked the operational goals higher producedail
results. Looking at the specifics for these foysexxs there is nothing to indicate tl
experts six, twelve, fifteen, or twenty were infheed in their probability assessments

their preferenceotrank operational outcomes high
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Average Opertation Outcomes

\\~

e com—
%00 7~ - —=—
e _ - |
80.0 -~ o pmm— - |
. yd | oesm | H
100 < | __ = —
pd - | E— - | |
S IE B E =B B = | S
60.0 /, [ [ [ — | [

// H H H | s |
50.0 7 - | - | - | -
40.0 d e s | | B . |

. //// —— —— —— — — —
Il = BEFE B BE =B EFE = m .4
30.0 7 —| - | _-——— |

U = = E 3
200 @ p= oom = oowm = oowm = o= — |

g — 3 —_ Em — Em | | — -
00 = . e s L ==
00 pae — _ 7 — —

6 12 15 20 Elicitation
Avg

Figure 48: Average Operational Outcomes

Summarizing, there is not enough data collectatisistudy to analyze if the
was a bias by administrative or operational expditsras not stpected that there wou
be but a study researching this question couldegful in adding creditability to thi

process.

The Impact of Expanding NIEM 2.0 to agencies other then Law Enforcement
With the significant increase in the probabilitfes succissful outcomes whe
neighboring law enforcement agencies also adopM\2E, questions arise what ab«
other justice agencies? Law enforcement is oriere€ parts of the justice system. ~
other two are administration and correction, omase comronly known courts an
prisons. Historically these three branches hawsaipd with different informatio

systems, and with a poor record of inter agencyrmamcation.

123



Intuitively, it appears that NIEM 2.0 would be beneficial to all branches; making
court records and prison records immediately available to law enforceoutahtacld to
the probability of each branch achieving successful outcomes. Defined stgatelsi for
court and prison systems evaluated by experts in those fields would produce probability
distributions for them to evaluate. Organizations can have different strgteds; but
evaluating the impact on achieving these goals would use the same process.

A study utilizing mixed performance for law enforcement, prisons and owithts
performance outcomes designed for each provide very significant resulésios here
some performance outcomes that may not be considered in a cost benefit amalgsis c
be shown to have a very high probability of success. This would be especially helpful in
the decision making body was an administration responsible for all three suchtas a st
or county government, or in the case of many counties where a sheriff has resgessibili

for law enforcement and jails.

Appling Performance Outcome Probabilities to the Private Sector

This study has focused on the evaluation performance outcomes in the public
sector, since reporting on performance outcomes is now required at tlad eekdr
However, the problem of quantifying strategic goals is as difficult in thetprsgctor as
it is in the public sector, if not greater. In the private sector strategls gr
performance outcomes include such broad items as gaining market share, expanding
product penetration, branding and other long term items. It can be argued that many of
these strategic goals can be quantified, and the is true, under the curremt marke

conditions. Once market share has changed so have a number of other factors and the
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assumptions used in a return on investment analysis, and that ROI may no longer be
valid.

Of greater concern is the timeline involved with strategic goals. Dineto t
uncertainty involved in projecting market and economics conditions as well as cost and
revenue projections, most private return on investment analysis focus on the short ter
In fact, due to discounting any monetary outcomes beyond seven years haveddtie i
on the calculation.

Since most if not all major corporations have a strategic plan they will be able to
easily define their performance outcomes. Accessing the probability gnafect will
help meet these long term goals could be of great value to them. Becauseeptitiate
may not want to publicize their strategic goals the use of internal expsyrteen
required.

In addition the issues of central verses local goals are very important invue pri
sector. Here there is a clear line between the strategic performance esittesired at
the corporate level and the short term operational objectives of the operating units
Programs designed at the corporate level to meet their strategiofiealbave
operating units incurring cost with no benefit to their unit. By their very natategic
objectives at the corporate level may have a negative impact at the loediraplevel.

A product or market shift is a case in point. In designing these programs it would be
helpful to know the acceptance and support that can be expected at the operating level.

A study applying this process to private entities could produce very valuable
results both on the probability of successful performance outcomes and the ranking of

importance by those tasked with implementing the program.

125



Reference List

Artley, Will. 2001. The performance-based management handbook: A six volume
compilation of techniques and tools for implementing the government
performance and results act of 1993 (gpra), ed. Office, of Strategic Plamiing
Program Evaluation - Chief Financial Officer, 3 - Establishing Accduilitsafor
Performance:72.

Artley, Will, D.J. Ellison, and Bill Kennedy. 2001. The performance-based mamsgem
handbook: A six volume compilation of techniques and tools for implementing
the government performance and results act of 1993 (gpra), ed. Office, of
Strategic Planning and Program Evaluation - Chief Financial Officer, 1 -
Establishing and Maintaining a Performance-BASED Management System. :112.

Artley, Will and Suzanne Stroh. 2001. The performance-based management handbook: A
six volume compilation of techniques and tools for implementing the government
performance and results act of 1993 (gpra), ed. Office, of Strategic Plamiing
Program Evaluation - Chief Financial Officer, 2 - Establishing argtated
Performance Measurement System:100.

Berman, Evan and XiaoHu Wang. 2000. Performance measurement in us counties:
Capacity for reformPublic Administration ReviewO, no. 5: 12.

Beschen, Darrell, Richard Day, Gretchen Jorden, and Howard Rohm. 2001. The
performance-based management handbook: A six volume compilation of
techniques and tools for implementing the government performance and results
act of 1993 (gpra), ed. Office, of Strategic Planning and Program Evaluation -
Chief Financial Officer, 4 60.

Boring, Ronald, David Gertman, Jeffery Joe, Julie Marble, William Galyesmy L
Blackwood, and Harold Blackman. 2005. Simplified expert guideline for risk
assessment of operating events, ed. US Nuclear Regulatory Commission:18.
Washington DC: Idaho National Laboratory.

Brier, G. 1950. Verification of forecast expressed in terms of probatliynthly
Weather Review8, no. 1: 3.

Budnitz, R.J. , G. Apostolakis, D.M Boore, L.S. Cluff, K.J. Coppersmith, C.A. Cornell,
and P.A. Morris. 1997. Recommendations for probabilistic seismic hazard
analysis: Guidance on uncertainty and use of experts, ed. U.S. Nuclear Regulatory
Commission and U.S. Department of Energy. Washington D.C.: Lawrence
Livermore National Laboratory.

Bureau, of Justice Assistance Office of Justice Programs. 2007. Value of dmahati
information exchange model (niem):4: Department of Justice.

126



Center for Society Law & Justice and Texas State University. 2008. Parfoem
measurement for justice information systems products: A guide, ed. Bureau of
Justice Assistance and Department, of Justice:87. Washington.

Chang, She-I. 2006. An alternative methodology for delphi-type research in is key issue
studiesInternational Management and Enterprise Developn3emio. 2: 22.

Clemen, R.T. 2006. Comments on Cooke's classical method:18. Durham NC: Duke
University.

Clemen, R.T. and R.L. Winkler. 1999. Combining probability distributions from experts
in risk analysisRisk Analysid9: 6.

Cohn, Elchanan. 2003. Benefit-cost analysis: A pedagogicalPuiic Finance Review
31, no. 5: 534.

Componation, Paul J., William F. Sadowski, and Alisha D. Youngblood. 2006. Aligning
strategy and capital allocation decisions: A case stdgineering Management
Journal 18, no. 1: 24.

Cooke, Roger M., ed. 199Experts in uncertainty: Objective and subjective probability
in science Edited by Kristin Shrader-Frechette. Environmental ethics and science
policy series. New York: Oxford University Press.

Cooke, Roger M. and Louis Goossens. 2008. Tu delft export judgment data base.
Reliability Engineering and System Safé8y no. 5: 18.

Cooke, Roger M., Andrew M. Wilson, Jouni T. Tuomisto, and Oswaldo Morales. 2007.
A probabilistic characterization of the relationship between fine partcaiatter
and mortality: Elicitation of european expeisvironmental science &
technology1, no. 18: 6598.

Department of Homeland Security and Department of Justice. 2007. Natratedgtfor
information sharing: Successes and challenges in improving terroriataerel
information sharing:31: Department of Justice.

Dillon, Robin L., Richard John, and Detlof von Winterfeldt. 2002. Assessment of cost
uncertainties for large technology projects: A methodology and an application.
Interfaces32, no. 4: 52.

DiMaio, Andrea. 2005Uk criminal justice system makes portfolio management key to it
successGartner Consulting Group White Paper Reports.

Dyar, Michael D. Sarbanes-Oxley: Is it working? How will we know?, PbDiyersity
of LaVern, 2006.

127



Garthwaite, Paul H., Joseph B. Kadane, and Anthony O'Hagan. 2005. Statistical methods
for eliciting probability distributionsJournal of the American Statistical
Associationl00, no. 470: 680.

Gee, Diana, Kirkland Jones, Doug Kreitz, Sergio Nevell, Bill O'Connor, and Bob Van
Ness. 2001. The performance-based management handbook: A six volume
compilation of techniques and tools for implementing the government
performance and results act of 1993 (gpra), ed. Office, of Strategic Plamiing
Program Evaluation - Chief Financial Officer, 6:84.

Gerdsi, Nathasit. 2004. An analytical approach on building a technology development
envelope (tde) for roadmapping of emerging technologies. PhD, Portland State
University.

Gitman, Lawrence J. 200Brinciples of managerial financ&oston: Pearson Prentice
Hall.

Global, Justice Information Sharing Institute. 2005. Fusion process : Techsistdace
program and services, ed. Department, of Homeland Security, Department of
Justice:28

Golden, Charles W. and Mary R. Golden. 1987. Beyond 'what if": A risk-oriented capital
budgeting modelournal of Information Systenis no. 2: 12.

Gustafson, David H., Francois Sainfort, Mary Eichler, and Laura Adams. 2003.
Developing and testing a model to predict outcomes of organizational change.
Health services researc®8, no. 2: 751.

Hahn, Robert W. 2004. The economic analysis of regulation: A response to the critics.
The University of Chicago Law Reviéd, no. 3: 1021.

Hanley, Nick and Jason F. Shogren. 2005. Is cost-benefit analysis anomaly-proof?
Environmental and Resource Econon@s no. 1: 13.

Hartman, Francis T. and Andrew Baldwin. 1995. Using technology to improve delphi
method.Journal of Civil Engineerin®, no. 4: 6.

Heinrich, Carolyn. 2002. Outcomes-based performance management in the public sector
Implications for government accountability and effectivenesaslic
Administration Review@2, no. 6: 14.

Huff, Richard F. "Achieving High Performance in Local Government: Linking

Government Outcomes with Human Resource Management Practices." Ph.D.,
Virginia Commonwealth University, 2007

128



Jenner, Stephen. 2007. Managing the portfolio, realizing the benefits, ed. Crimirca Justi
Information Technology:140. London: Office, for Criminal Justice Reform.

Jordan, Gretchen, Steven Prevette, and Steve Woodward. 2001. The performance-based
management handbook: A six volume compilation of techniques and tools for
implementing the government performance and results act of 1993 (gpra), ed.
Office, of Strategic Planning and Program Evaluation - Chief Finanéiige® 5
76.

Kingston, Geoffrey. 2001. Cost benefit analysis in theory and pratteeAustralian
Economic Review84, no. 4: 9.

Kleist, Virginia F., Laure Williams, and A. Graham Peace. 2004. A perforenanc
evaluation framework for a public university knowledge manage systamal
of Computer Information Systeypm®. Spring: 15.

Kravchuk, Robert and Ronald Schack. 1996. Designing effective performance-
measurement systems under the government performance and results act of 1993.
Public Administration Review6, no. 4: 11.

Mazzuchi, Thomas A., William G. Linzey, and Armin Bruning. 2008. A paired
comparison experiment for gathering expert judgment for an aircraft wisig r
assessmenReliability Engineering & System Safé&y, no. 5: 10.

Meyer, Mary A. and Jane M. Booker, eds. 1%liciting and analyzing expert
judgment: A practical guideAsa-siam series on statistics and applied probability.
London: American Statistical Association and the Society for Industrial and
Applied Mathematics.

Mogollon, Manuel and Mahesh Raisinghani. 2003. Measuring roi in e-business: A
practical approachnformation Systems Managemeg no. 2; 2: 63.

Molfenter, Todd, Dave Gustafson, Chuck Kilo, Abhik Bhattacharya, and Jesper Olsson.
2005. Prospective evaluation of a bayesian model to predict organizational
changeHealth care management revié@, no. 3: 270.

Montgomery, Douglas C. 200mtroduction to statistical quality control, fifth edition 5e
New York: John Wiley & Sons Inc.

Morales, O, D. Kurowicka, and A Roelen. 2008. Eliciting conditional and unconditional
rank correlation from conditional probabilitideeliability Engineering & System
Safety93, no. 5: 12.

Mostaghimi, Mehdi. 2001. Information collection strategic design in expssistad
decision making paradign&roup Decision and NegotiatiakD, no. 5: 375.

129



Mulebeke, James and Li Zheng. 2006. Analytical network process for softwectosel
in product development: A case studgurnal of Technology Managemei8g:
15.

NIEM Program Management Office. 2007. Introduction to the national information
exchange model (niem):28: Department of Homeland Security.

O'Hagan, Anthony, Caitlin E. Buck, Alireza Daneshkhah, J. Richard Eiser, Paul H.
Garthwaite, David J. Jenkinson, Jeremy E. Oakley, and Tim Rakow, eds. 2006.
Uncertain judgments : Eliciting experts' probabiliti€eries Statistics in Practice
Series Edited by Vic Barnett. West Sussex: John Wiley & Son Ltd.

Office of Management and Budget. 2004. Fy 2004 budget chapter introduction the part:
Rating the performance of federal programs:7: Office of the President.
. 2007. Planning, budgeting, acquisition and management of capital assets:30:
Office of the President.
. 2007. Program assessment rating tool guidance no. 2007-03:7: Office of the
President.

Poister, Theodore H and Gregory Streib. 1999. Performance measurement in municipal
government: Assessing the state of the praddablic Administration Revie@w9,
no. 4: 11.

Raisinghani, M. S., L. Meade, and L. L. Schkade. 2007. Strategic e-business decision
analysis using the analytic network procéB&E Transactions on Engineering
Managemenb4, no. 4: 673.

Renooij, Silja. 2001. Probability elicitation for belief networks: Issues msider.The
Knowledge Engineering Reviéd@, no. 3: 255.

Ross, Stephen A. , Randolph A. Westerfield, and Bradford D; Jordan.EXX&ntials of
corporate financeNew York: McGraw-Hill Irwin.

Saaty, Thomas L. and Luis G. Vargas, eds. 2D@@ision making with the analytic
network process : Economic, political, social and technological applications with
benefits, opportunities, costs and riskgernational series in operations research
& management science. New York: Springer.

Shang, Jennifer. 2004. A unified framework for multicriteria evaluation of transiparta
projects.|EEE transactions on engineering managentntno. 3: 300.

Sheppard, Martin and Michelle Cartwright. 2001. Predicting with sparesi@&ta.
Transactions on Software Engineerigg, no. 11: 12.

130



Skulmoski, Gregory J., Francis T. Hartman, and Jennifer Krahn. 2007. The delphi
method for graduate researdburnal of Information Technology Educatién
21.

Smith, Heather A., James D. McKeen, and Christopher Street. 2004. Linking it to
business metricdournal of Information Science and Technoldgyo. 1: 13.

Sun, Y., J. Ma, Z. Fan, and J. Wang. 2008. A group decision support approach to evaluate
experts for r&d project selectiolEEE Transactions on Engineering
Managemenb5, no. 1: 158.

Sunstein, Cass R. 20QRisk and reason - safety, law, and the environniéeitv York:
Cambridge University Press.

Tam, Kar Yan. 1992. Capital budgeting in information systems developmgmmation
& Managemen3, no. 6: 345.

Thatcher, Matt E. and David E. Pingry. 2007. Modeling the it value paradox.
Communications of the ACBD, no. 8: 41-45.

Torres, Hector R. Creating added value for corporations through enhanced asset
protection management, PhD., Capella University, 2007

Unal, Resit, Charles B Keating, Tina M Chytka, and Bruce A Conway. 2005. Calibrati
of expert judgments applied to uncertainty assessraagineering Management
Journal17, no. 2: 10.

Varis, Olli and Sakari Kuikka. 1997. Bene-eia: A bayesian approach to expertgadgm
elicitation with case studies on climate change impacts on surface waters.
Climatic Change37, no. 3: 539.

Vaughan, Derek S. 2007. Planning for information technology: A comparative case study
of the factors affecting the alignment of institutional strategic pdauals
information technology plans. Dissertation, The University of Michigan.

Walker, Katherine D, Paul Catalano, James K Hammitt, and John S Evans. 2003. Use of
expert judgment in exposure assessment: Part 2 calibration of expert judgments
about personal exposures to benzdnarnal of Exposure Analysis and
Environmental Epidemiolog¥3, no. 1: 16.

Wang, Kangmao, Clement K. Wang, and Chun Hu. 2005. Analytic hierarchy process

with fuzzy scoring in evaluating multidisciplinary r&d projects in chibd=E
Transactions on Engineering Managem8#i no. 1: 119.

131



Appendix A — Elicitation for Conditional and Unconditional Outcomes

Prevent terrorist attacks in the country

Prevent terrorist attacks in my jurisdiction
Respond to disasters in my jurisdiction
Streamline justice administration in my agency
Cut the cost of information sharing for my agency
Reduce crime in my jurisdiction

Improve public confidence in the justice system in
my jurisdiction

Increase the professionalism of my agency

Improve internal communications at my agency

Address emerging law enforcement issues

Less than
10%

C

OooOonooononnan
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10%-
40%

C

OooOonooononnan

40%-
60%

C

OooOonooononnan

60%-
90%

C

OooOonooononnan

Greater than
90%

C

OooOonooononnan



Appendix B — Elicitation for the ranking of Outcomes

(1 = Least Important)
Prevent terrorist attacks in the country

Prevent terrorist attacks in my jurisdiction

Respond to disasters in my jurisdiction

Streamline justice administration in my agency

Cut the cost of information sharing for my agency

Reduce crime in my jurisdiction

Improve public confidence in the justice systemmipjurisdiction
Increase the professionalism of my agency

Improve internal communications at my agency

Address emerging law enforcement issues

11’ ’ 111 ).
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Appendix C — Elicitation Seed Questions

Less than 10%- 40%- 60%- Greater than
10% 40% 60% 90% 90%

Improve the agency's ability use information i i i [ [
Improve the agency's ability to solve crimes
Gain greater access to internal information
Gain greater access to external information
Provide better training at the agency
Provide better public access to information

Reduce the cost of building information
exchanges

oonononan
oonononan
ooo0onnan
OO0 n0nn
OO0 n0nn
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Appendix D — Raw Data for Unconditional Adoption onNIEM 2.0

Greater
Less than 10%- 40%-  60%- than
10% 40% 60% 90% 90%
Prevent terrorist attacks in the country 5 9 S ! 0
25% 45% 25% 5% 0%
Prevent terrorist attacks in my 4 11 3 2 0
Junisdiction 20% 55% 15%  10% 0%
Respond to disasters in my 3 7 6 4 0
Jurisdiction 15% 35% 30%  20% 0%
Streamline justice administration in 4 3 6 5 1
my agency 21% 16% 32%  26% 5%
Cut the cost of information sharing for 2 4 7 6 1
my agency 10% 20% 35%  30% 5%
Reduce crime in my jurisdiction 4 S 8 3 0
20% 25% 40% 15% 0%
Improve public confidence in the 3 6 7 3 0
justice system in my jurisdiction 16% 3204 37% 16% 0%
Increase the professionalism of my 1 4 2 11 2
agency 5% 20% 10%  55%  10%
Improve internal communications at 3 1 7 8 1
my agency 15% 5% 35%  40% 5%
Address emerging law enforcement 2 8 4 5 1
issues 10% 40% 20% 25% 5%
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Appendix D - Unconditional responses for Question 1:

Prevent terrorist attacks in the country.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26 1

13 29 1

14 30

15 31

16 32

17 33 1

18 38

19 41

20 42
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Appendix D - Unconditional responses for Question 2:

Prevent terrorist attacks in my jurisdiction.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13

6 15

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26 1

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38

19 41

20 42
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Appendix D - Unconditional responses for Question 3:

Respond to disasters in my jurisdiction.

Expert #
1

O 00 N O U1 A WN

N P R R R PR R R R R R
O VoW NO LI WN KL O

Expert
ID

6
9
10
12
13
15
18
19
20
21
25
26
29
30
31
32
33
38
41
42

> than
10%
1

10%-
40%

=

40%- 60%-
60% 90%
1
1
1
1
1
1
1
1
1
1
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Appendix D - Unconditional responses for Question 4:

Streamline justice administration in my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26

13 29

14 30

15 31 1

16 32 1

17 33

18 38

19 41 1

20 42 1
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Appendix D - Unconditional responses for Question 5:

Cut the cost of information sharing for my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix D - Unconditional responses for Question 6:

Reduce crime in my jurisdiction.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9

3 10

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21

11 25 1

12 26

13 29 1

14 30

15 31

16 32 1

17 33

18 38

19 41 1

20 42 1
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Appendix D - Unconditional responses for Question 7:

Improve public confidence in the justice system in my agency.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13 1

6 15 1

7 18 1

8 19

9 20

10 21 1

11 25 1

12 26

13 29 1

14 30 1

15 31 1

16 32

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix D - Unconditional responses for Question 8:

Increase the professionalism of my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13 1

6 15 1

7 18 1

8 19

9 20

10 21 1

11 25 1

12 26

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38

19 41

20 42
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Appendix D - Unconditional responses for Question 9:

Improve internal communications at my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25

12 26 1

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38

19 41

20 42

144



Appendix D - Unconditional responses for Question 10:

Address emerging law enforcement issues.

Expert > than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26 1

13 29 1

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix E — Raw Rating Score for Unconditional Adption on NIEM

2.0
i 5
[Less than 2 3 4 [Greater Humber of Fating
Anzwer 10%) (10%-40%) (40%-E0%) (B0%-30% than $0%) Response(s) Score*
Prevent terrorist attacks in 20 2.1

the couniry

Prevent termorist attacks in _ 20 22
my wrisdiction

Fespond to disasiersin my _ 20 25
jurizdiction

Streamling justice _ 18 2B

administration in my agency

Cutthe costof infornaton MM 70 20

shaing for my agency
Recuce crime in my _ 20 23
jurizdiction

Imnprove public confidence in _ 14 25

the justice system in my
Jurizdiction
Increase the professiznalism _ 20 a5

of my agency

Improve intemal 1 2 12

communications at my
agency

Address emerging law _ 20 24

enforcement issues
"The Radng Sare b e weighled average calcuiatan by dvding the sum of ail waighied ratings by e rumber of f2tal responses.
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Appendix F — Descriptive Statistics for Raw Uncondional Data by

Expert

Tot al Sum of
Vari abl e Count Mean SE Mean StDev Variance CoefVar Squar es
U Expl 10 26. 50 6.91 21. 86 478. 06 82.51 11325.00
U Exp2 10 22.50 6.51 20. 58 423. 61 91.47  8875.00
U Exp3 10 65. 00 4,08 12.91 166. 67 19.86 43750.00
U Exp4 10 50. 00 6. 45 20.41 416. 67 40.82 28750. 00
U- Exp5 10 43.5 11.0 34.6 1200. 3 79. 64 29725.0
U Exp6 10 21.50 4.35 13. 75 189. 17 63.97 6325.00
U Exp7 10 40. 50 7.36 23. 27 541. 39 57.45 21275.00
U Exp8 10 23.50 3.95 12. 48 155. 83 53.12 6925.00
U Exp9 10 21.00 2.67 8.43 71.11 40. 16 5050. 00
U Expl0 10 45.00 6. 24 19.72 388. 89 43.82 23750. 00
U Expl1 10 45. 00 6. 24 19.72 388. 89 43.82 23750. 00
U Expl2 10 62. 50 6. 68 18. 90 357. 14 30.24 33750.00
U Expl3 10 57.50 6.51 20. 58 423.61 35.79 36875.00
U Expl4 10 51. 50 9. 66 30. 56 933. 61 59.33 34925.00
U Expl5 10 47.50 5.83 18. 45 340. 28 38.83 25625.00
U Expl6 10 52.0 11.5 36.5 1328.9 70.10  39000.0
U Expl7 10 5.0000 0.000000 0.000000 0.000000 0.00 250. 0000
U Expl8 10 62. 50 4. 17 13.18 173. 61 21.08 40625.00
U Expl9 10 55. 00 3.33 10. 54 111.11 19.17 31250. 00
U- Exp20 10 67.50 3.82 12.08 145. 83 17.89 46875.00
Variable M nimum QL Median @ Maxi mum Range IR
U Expl 5.00 5.00 25. 00 31. 25 75. 00 70. 00 26. 25
U Exp2 5. 00 5. 00 15. 00 50. 00 50. 00 45. 00 45. 00
U Exp3 50. 00 50. 00 75. 00 75. 00 75. 00 25. 00 25. 00
U Exp4 25.00 25.00 50. 00 75. 00 75. 00 50. 00 50. 00
U- Exp5 5.0 5.0 37.5 75.0 95.0 90.0 70.0
U Exp6 5. 00 5. 00 25. 00 25. 00 50. 00 45. 00 20. 00
U Exp7 5.00 25. 00 37.50 56. 25 75. 00 70. 00 31.25
U Exp8 5. 00 20. 00 25.00 25. 00 50. 00 45. 00 5. 00
U- Exp9 5.00 20. 00 25. 00 25. 00 25. 00 20. 00 5.00
U Expl0 25. 00 25.00 50. 00 56. 25 75. 00 50. 00 31.25
U Expl1l 25. 00 25. 00 50. 00 56. 25 75. 00 50. 00 31.25
U Expl2 25. 00 50. 00 75. 00 75. 00 75. 00 50. 00 25.00
U Expl3 25. 00 43. 75 62. 50 75. 00 75. 00 50. 00 31.25
U Expl4 25.00 25. 00 37.50 80. 00 95. 00 70. 00 55. 00
U- Expl5 25. 00 25. 00 50. 00 56. 25 75. 00 50. 00 31.25
U Expl6 5.0 20.0 50.0 95.0 95.0 90.0 75.0
U Expl7 5.0000 5.0000 5.0000 5.0000 5. 0000 0.000000 0.000000
U Expl8 50. 00 50. 00 62. 50 75. 00 75. 00 25.00 25.00
U Exp1l9 50. 00 50. 00 50. 00 56. 25 75. 00 25. 00 6. 25
U Exp20 50. 00 50. 00 75. 00 75. 00 75. 00 25.00 25.00
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Appendix G — Descriptive Statistics for Raw Uncondional Data by

Questions
Sum of
Sum of
Vari abl e N Mean SE Mean StDev Variance CoefVar Squar es
Uncondi tional Ques.1 20 28.75 4.40 19.66 386. 51 68.38 23875.00
Uncondi ti onal Ques. 2 20 29.75 4.60 20.55 422. 30 69.08 25725.00
Uncondi tional Ques.3 20 39.50 5.32 23.78 565. 53 60. 20 41950. 00
Uncondi ti onal Ques. 4 19 46.84 6.75 29.40 864. 47 62.77 57250.00
Uncondi tional Ques.5 20 49.00 5.54 24.79 614.74 50. 60 59700. 00
Uncondi ti onal Ques. 6 20 39.75 5.53 24.73 611.78 62.22 43225.00
Uncondi tional Ques.7 19 38.95 5.24 22.83 521. 05 58.61 38200.00
Uncondi ti onal Ques. 8 20 61.00 5.86 26.19 685. 79 42.93 87450. 00
Uncondi ti onal Ques.9 20 54.25 5.93 26.52 703. 36 48.89 72225.00
Uncondi tional Ques.10 20 44.00 5.96 26.64 709. 47 60. 54 52200. 00
Vari abl e M ni num QL Median @ Maxi mum Range
Uncondi tional Ques.1 5.00 10.00 25.00 50.00 75.00 70.00
Uncondi ti onal Ques. 2 5.00 25.00 25.00 43.75 75.00 70.00
Uncondi tional Ques.3 5.00 25.00 37.50 50.00 75.00 70.00
Uncondi ti onal Ques. 4 5.00 25.00 50.00 75.00 95.00 90.00
Uncondi tional Ques.5 5.00 25.00 50.00 75.00 95.00 90.00
Uncondi ti onal Ques. 6 5.00 25.00 50.00 50.00 75.00 70.00
Uncondi tional Ques.7 5.00 25.00 50.00 50.00 75.00 70.00
Uncondi ti onal Ques. 8 5.00 31.25 75.00 75.00 95.00 90.00
Uncondi tional Ques.9 5.00 50.00 50.00 75.00 95.00 90.00
Uncondi ti onal Ques. 10 5.00 25.00 37.50 75.00 95.00 90.00
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Appendix H — Raw Data for Conditional Adoption on NEM 2.0

Lessthan  10%- 40%- 60%- Greater
10% 40% 60%  90% than 90%
Prevent terrorist attacks in the country 2 4 6 ! !
10% 20% 30% 35% 5%
Prevent terrorist attacks in my 0 6 6 7 1
jurisdiction 0% 30%  30%  35% 5%
Respond to disasters in my jurisdiction ! 0 5 8 6
5% 0% 25% 40% 30%
Streamline justice administration in m» 1 2 2 4 10
agency 5% 11%  11%  21% 53%
Cut the cost of information sharing for 0 2 4 5 9
my agency 0% 10% 20%  25% 45%
Reduce crime in my jurisdiction 0 4 2 2 2
0% 20% 25%  45% 10%
Improve public confidence in the justice 1 5 4 7 2
system in my jurisdiction 5% 26% 21% 37% 11%
Increase the professionalism of my 0 2 7 7 4
agency 0% 10%  35%  35% 20%
Improve internal communications at my 0 4 4 8 4
agency 0% 20% 20%  40% 20%
Address emerging law enforcement 0 3 6 7 4
issues 0% 15%  30%  35%  20%
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Appendix H - Conditional responses for Question 1:

Prevent terrorist attacks in the country

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25

12 26

13 29 1

14 30

15 31 1

16 32 1

17 33

18 38

19 41 1

20 42 1
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Appendix H - Conditional responses for Question 2:

Prevent terrorist attacks in my jurisdiction.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25

12 26 1

13 29

14 30

15 31

16 32 1

17 33

18 38 1

19 41 1

20 42 1

151



Appendix H - Conditional responses for Question 3:

Respond to disasters in my jurisdiction.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9

3 10

4 12 1

5 13 1

6 15

7 18 1

8 19 1

9 20 1

10 21

11 25

12 26 1

13 29

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix H - Conditional responses for Question 4:

Streamline justice administration in my agency.

Expert 10%- 40%- 60%- >than

Expert # ID >than 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18

8 19

9 20 1

10 21 1

11 25

12 26

13 29

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix H - Conditional responses for Question 5:

Cut the cost of information sharing for my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13

6 15 1

7 18

8 19

9 20 1

10 21 1

11 25

12 26 1

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix H - Conditional responses for Question 6:

Reduce crime in my jurisdiction.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9

3 10

4 12 1

5 13 1

6 15 1

7 18

8 19

9 20 1

10 21 1

11 25

12 26 1

13 29 1

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix H - Conditional responses for Question 7:

Improve public confidence in the justice system in my agency.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9

3 10

4 12 1

5 13 1

6 15 1

7 18 1

8 19

9 20

10 21 1

11 25 1

12 26

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix H - Conditional responses for Question 8:

Increase the professionalism of my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9

3 10

4 12 1

5 13 1

6 15 1

7 18 1

8 19

9 20

10 21 1

11 25

12 26

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix H - Conditional responses for Question 9:

Improve internal communications at my agency.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18

8 19

9 20 1

10 21 1

11 25 1

12 26 1

13 29

14 30

15 31 1

16 32

17 33 1

18 38

19 41 1

20 42 1
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Appendix H- Conditional responses for Question 10:

Address emerging law enforcement issues.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18

8 19

9 20

10 21 1

11 25

12 26 1

13 29 1

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix | — Raw Rating Score for Conditional Adopton on NIEM 2.0

1 §

(Less than 2 3 §  (Greater Number of Rating
Answer 10%) (10%-40%) (40%-60%) (60%-30%] than30%)  Response(s) Score!
Prevent termorist attacks i il 1l
the couniry
Prevent temmarist atiacks in _ il 32
my jurisdicfian
Respand to disasters in my _ il 18
Jurisdiction

Streamling ustice _ 18 41

adminisiration in my agency

Cutihe wsteiomaton [ 1 Iy

sharing for my agency
Reduce crime in my _ il 35
Jurisdiction

Improve public confidence in _ 18 32

the justice system in my

Jurisdiction

Inerzase the professionalism _ il 3
of my agency

mpoerers [ T

communicafions at my
agenzy

Adiress amaring law _ il 18

enforcemant issues
“The Raing Soure s e ek average caicuatad by diding ihe sum of 3l welghed rangs by e number o ol rspinses.
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Appendix J — Descriptive Statistics for Raw Conditbnal Data by Expert

Tot al Sum of

Vari abl e Count Mean SE Mean StDev Variance CoefVar Squares M ni mum
C Exp1l 10 54.50 6.93 21.92 480. 28 40. 21 34025.00 25. 00
C Exp2 10 43.00 8.92 28.21 795. 56 65.59 25650. 00 5. 00
C Exp3 10 79.00 2.67 8.43 71.11 10. 67 63050. 00 75. 00
C Exp4 10 40.00 4.08 12.91 166. 67 32.27 17500. 00 25.00
C Exp5 10 43.5 11.0 34.6 1200. 3 79. 64 29725.0 5.0
C- Exp6 10 40.00 5.53 17.48 305. 56 43.70 18750.00 25.00
C Exp7 10 66.50 7.03 22.24 494,72 33.45 48675.00 25. 00
C- Exp8 10 73.50 5.82 18.42 339. 17 25.06 57075.00 50. 00
C Exp9 10 45.00 6.24 19.72 388. 89 43.82 23750.00 25. 00
C- Expl0 10 72.50 9.17 28.99 840. 28 39.98 60125.00 25.00
C Exp1ll 10 87.00 3.27 10.33 106. 67 11.87 76650. 00 75. 00
C Expl2 10 76.88 4.99 14.13 199.55 18.38 48675.00 50. 00
C Exp13 10 66.50 7.03 22.24 494,72 33.45 48675.00 25. 00
C- Expl4 10 69.00 5.72 18.07 326. 67 26.19 50550.00 50. 00
C Exp1l5 10 55.00 6.24 19.72 388. 89 35.86 33750.00 25. 00
C Exp1l6 10 84.50 4,86 15.36 235. 83 18. 17 73525.00 50. 00
C Expl7 10 40.50 7.36 23.27 541. 39 57.45 21275. 00 5.00
C Exp1l8 10 62.50 4,17 13.18 173. 61 21.08 40625.00 50. 00
C- Expl9 10 89.00 3.06 9. 66 93. 33 10.85 80050. 00 75. 00
C Exp20 10 85.00 3.33 10.54 111.11 12. 40 73250.00 75. 00
Vari abl e QL Median @ Maxi mum Range IR

C Expl 43. 75 50.00 75.00 95.00 70.00 31.25
C Exp2 25.00 25.00 75.00 75.00 70.00 50.00
C- Exp3 75. 00 75.00 80.00 95.00 20.00 5.00
C Exp4 25.00 50. 00 50.00 50.00 25.00 25.00
C- Exp5 5.0 37.5 75.0 95.0 90.0 70.0
C- Exp6 25.00 37.50 50.00 75.00 50.00 25.00
C Exp7 50. 00 75.00 80.00 95.00 70.00 30.00
C- Exp8 50. 00 75.00 95.00 95.00 45.00 45.00
C Exp9 25.00 50.00 56.25 75.00 50.00 31.25
C Expl0 43.75 85.00 95.00 95.00 70.00 51.25
C Expll 75. 00 95.00 95.00 95.00 20.00 20.00
C Expl2 75. 00 75.00 90.00 95.00 45.00 15.00
C- Expl3 50. 00 75.00 80.00 95.00 70.00 30.00
C Expl4 50. 00 75.00 80.00 95.00 45.00 30.00
C- Expl5 43. 75 50.00 75.00 75.00 50.00 31.25
C- Expl6 75. 00 95.00 95.00 95.00 45.00 20.00
C- Expl7 25.00 37.50 56.25 75.00 70.00 31.25
C Expl8 50. 00 62.50 75.00 75.00 25.00 25.00
C Expl9 75. 00 95.00 95.00 95.00 20.00 20.00
C- Exp20 75. 00 85.00 95.00 95.00 20.00 20.00
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Appendix K — Descriptive Statistics for Raw Conditonal Data by

Question

Sum of
Vari abl e N Mean SE Mean StDev Variance CoefVar Squar es
Condi tional Ques.1 20 51.50 5.83 26.06 679. 21 50. 61 65950. 00
Conditional Ques.2 20 53.50 5.11 22.83 521. 32 42.68  67150. 00
Condi tional Ques.3 20 71.25 5.17 23.11 533. 88 32.43 111675.00
Conditional Ques.4 19 73.95 6.65 28.99 840. 50 39.21 119025.00
Condi tional Ques.5 20 74.00 5.40 24.15 583. 16 32.63 120600. 00
Conditional Ques.6 20 61.75 5.33 23.86 569. 14 38.63 87075.00
Condi tional Ques.7 19 55.00 6.19 26.98 727.78 49. 05 70575. 00
Conditional Ques.8 20 65.25 4.89 21.85 477. 57 33.49 94225.00
Condi tional Ques.9 20 64.00 5.54 24.79 614.74 38. 74 93600. 00
Condi tional Ques.10 20 64.00 5.24 23.43 548. 95 36.61  92350.00

Vari abl e M ni mum QL Medi an @ Maxi mum Range
Condi tional Ques. 5.00 25.00 50.00 75.00 95.00 90.00
Condi ti onal Ques. 25.00 25.00 50.00 75.00 95.00 70.00
Condi tional Ques. 5.00 50.00 75.00 95.00 95.00 90.00
Condi ti onal Ques. 5.00 50.00 95.00 95.00 95.00 90.00
Condi tional Ques. 95.00 70.00
Condi tional Ques. 25.00 50.00 75.00 75.00 95.00 70.00
Condi ti onal Ques. 5.00 25.00 50.00 75.00 95.00 90.00
Condi tional Ques. 25.00 50.00 75.00 75.00 95.00 70.00
Condi ti onal Ques. 25.00 50.00 75.00 75.00 95.00 70.00
Condi tional Ques. 10 25.00 50.00 75.00 75.00 95.00 70.00
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Appendix L — Raw Data for Performance Outcome Rankig

Least
Important

1 2 3 4 5 6 7 8 9 10

Prevent terrorist attacks 2 1 1 3 3 2 3 3 1 5 1

in th t

n the country 10% 506 5% 15% 15% 10% 15% 15% 5%%
Prevent terrorist attacks 1 3 1 0 ‘ 3 2 . 2 é
I 737 L Sel e 5% 15% 5% 0% 20% 15% 10% 15% 10% %

Respond to disasters in 1 0 2 4 1 1 4 2 3 102
my jurisdiction 5% 0% 10% 20% 5% 5% 20% 10% 15%%
Streamline justice 4 1 1 3 2 4 1 0 1 2
administration in my 11
agency 21% 56 5% 16% 11% 21% 5% 0% 5% %

Cut the cost of 2 2 1 3 1 3 3 0 2 3
information sharing for 15
my agency 10% 10% 5% 15% 5% 15% 15% 0% 10%%
Reduce crime in my 2 . 2 2 ! 1 4 2 2 €
jurisdiction 15
10% 5% 10% 10% 5% 5% 20% 10% 10% %

Improve public 1 3 1 1 6 2 2 0 3 0
confidence in the justice 0
system in my jurisdiction 5% 16% 5% 5% 32% 11% 11% 0% 16%%
Increase the 1 4 3 3 0 0 1 3 2 3
professionalism of my 15
agency 5% 20% 15% 15% 0% 0% 5% 15% 10% %

Improve internal 1 2 4 0 1 3 0 3 3 3
communications at my 15
agency 5% 10% 20% 0% 5% 15% 0% 15% 15%%
Address emerging law 2 J £ 1 0 1 0 4 1 120

i ti

enforcement ISSues 25%  15% 15% 5% 0% 5% 0% 20% 5% %
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Appendix L- Ranking responses for questions 1, 2, and 3.

Prevent terrorist

Expert Expert Prevent terrorist attacks attacks in my Respond to disasters
H ID in the country jurisdiction in my jurisdiction
1 6 7 6 4
2 9 7 5 4
3 10 4 2 3
4 12 1 2 4
5 13 8 5 7
6 15 5 10 9
7 18 8 1 7
8 19 3 8 5
9 20 2 3 1
10 21 1 2 3
11 25 6 7 10
12 26 10 9 8
13 29 5 8 9
14 30 5 6 8
15 31 6 7 9
16 32 4 5 7
17 33 4 5 6
18 38 9 8 7
19 41 7 6 4
20 42 8 9 10
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Appendix L- Ranking responses for questions 4, 5, and 6.

Streamline justice Cut the cost of
Expert  Expert administration in my information sharing Reduce crime in
# ID agency for my agency my jurisdiction
1 6 1 2 3
2 9 6 3 1
3 10 6 7 1
4 12 6 7 3
5 13 1 2 4
6 15 4 7 6
7 18 5 6 10
8 19 9 10 7
9 20 6 10 7
10 21 10 9 5
11 25 5 4 9
12 26 4 6 7
13 29 7 4 10
14 30 4 1 9
15 31 2 4 10
16 32 10 9 8
17 33 1 10 2
18 38 3 6 4
19 41 1 5 8
20 42 1 7
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Appendix L- Ranking responses for questions 7, 8, 9, and 10.

Improve public Improve Address
confidence in the Increase the internal emerging law
Expert Expert justice systeminmy professionalism communications enforcement
# ID jurisdiction of my agency at my agency issues
1 6 5 9 8 10
2 9 2 8 9 10
3 10 5 10 9 8
4 12 8 10 9
5 13 9 10 3 6
6 15 2 3 8 1
7 18 9 2 3 4
8 19 4 2 6 1
9 20 5 4 9 8
10 21 7 4 6 8
11 25 3 1 2 8
12 26 5 3 2 1
13 29 6 2 3 1
14 30 7 10 3 2
15 31 1 8 5 3
16 32 6 3 1 2
17 33 9 7 8 3
18 38 5 2 10 1
19 41 2 9 10 3
20 42 5 4 6 2
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Appendix M — Raw Rating Score for Performance Outcme Ranking

1
{Lea

st
Impo
mant 2 3 4 5 B T B 8 10 Humber of Ranking

Answer Response(s) Scoret
Prevent terarist atiacks in a 5.5

the couniry

Prevent terrorist attacks in _ a 5.7
my jurisdiction

Respaond to disasters in my _ il B2
Jurisdiction

Streamline jusfice _ 18 45

adminisiration in my agency

Cutthe costof nfomatcn [ 2 57

sharing for my agency
Reduce crime in my _ a0 g.1
Jurisdicfion

Improve public confidence in _ 18 5.1

the justica system in my
Jurisdicfion
Increase the professionalism _ il 54

of my agency

Iprove intemal ] 7 B

communications at my
agency

Address emerging law _ a 48

anforcemant issues
"The Ranking Saore s e welghled average calculatzd by dVINg the sum of al wekgried FnEngs by e nUmnes of otal esponsas.
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Appendix N — Elicitation Seed Questions

Less than

10%- 40%- 60%- Greater
10% 40% 60% 90% than 90%
Improve the agency's 1 1 4 12 2
ability use information 5% 5% 20% 60% 10%
Improve the agency's 1 4 8 5 2
ability to solve crimes 5% 20% 40% 25% 10%
Gain greater access to 1 4 5 5 5
internal information 5% 20% 25%  25% 25%
Gain greater access tc 0 2 3 10 5
external information 0% 10% 15% 50% 25%
Provide better training at 3 8 5 2 0
the agency 17% 44%  28% 11% 0%
Provide better public 2 7 6 4 1
access to information 10% 35% 30% 20% 5%
Reduce the cost of 0 3 3 8 6
building information
exchanges 0% 15% 15% 40% 30%
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Appendix N — Responses for seed Question 1:

Improve the agency’s ability to use information.

Expert > than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20

10 21

11 25 1

12 26 1

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix N — Responses for seed Question 2:

Improve the agency’s ability to solve crimes.

Expert #
1

O 00 N O U1 A WN

N P R R R P R R R R R
O VW NO LD WN KL O

Expert
ID

6
9
10
12
13
15
18
19
20
21
25
26
29
30
31
32
33
38
41
42

> than
10%

10%- 40%-
40% 60%
1
1
1
1
1
1
1
1
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90%
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Appendix N — Responses for seed Question 3:

Gain greater access to internal information.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13 1

6 15

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26 1

13 29

14 30

15 31

16 32 1

17 33 1

18 38 1

19 41

20 42
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Appendix N — Responses for seed Question 4:

Gain greater access to external information.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12 1

5 13 1

6 15 1

7 18 1

8 19 1

9 20 1

10 21 1

11 25 1

12 26

13 29 1

14 30 1

15 31 1

16 32 1

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix N — Responses for seed Question 5:

Provide better training at the agency.

Expert >than 10%- 40%- 60%- >than

Expert # ID 10% 40% 60% 90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13

6 15 1

7 18

8 19

9 20 1

10 21

11 25 1

12 26

13 29

14 30

15 31 1

16 32

17 33

18 38 1

19 41 1

20 42
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Appendix N — Responses for seed Question 6:

Provide better public access to information.

Expert >than 10%- 40%- >than

Expert # ID 10% 40% 60% 60%-90% 90%

1 6 1

2 9 1

3 10 1

4 12

5 13

6 15 1

7 18 1

8 19

9 20

10 21 1

11 25 1

12 26 1

13 29 1

14 30 1

15 31 1

16 32

17 33 1

18 38 1

19 41 1

20 42 1
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Appendix N — Responses for seed Question 7:

Reduce the cost of building information exchanges.

Expert #
1

O 00 N O U1 A WN

N P R R R P R R R R R
O VLW NO LI WN KL O

Expert
ID

6
9
10
12
13
15
18
19
20
21
25
26
29
30
31
32
33
38
41
42

> than
10%

10%- 40%-
40% 60% 60%-90%
1
1
1
1
1
1
1
1
1
1
1
1
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Appendix O — Raw Rating Score for GJXDM Seed Quesins

1 §
(Less than l ] { (Greater  Numberof  Rating
Answer 10%) (10%40%) (40%-60%) (GO%-30%) than30%)  Responsels)  Scor!
Iprovz the agency's abilty il i
us infomaton
Iprovs the agency's abilty _ il 12
b scve cimes

G yraater access o _ il 15

internal infarmation

gt [ 2w

extemal informatan

Provide Detter iraining aithe _ f8 23

dyETIey

Provide Detter public aceess _ il 8

{a information

Redetecos ooy 5

Information exchanges
" Raig Sare's e Wele aveage ey A g e s of al weighis g by e umber of ol e,
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Appendix P — Descriptive Statistics for Raw Seed Da by Expert

Tot al Sum of
Vari abl e Count Mean SE Mean StDev Variance CoefVar Squar es
Expert 1 7 39.29 9.22 24. 40 595. 24 62. 10 14375. 00
Expert 2 7 70.00 9.45 25.00 625. 00 35.71 38050. 00
Expert 3 7 60.71 5.05 13. 36 178. 57 22.01 26875. 00
Expert 4 7 53.57 6.52 17. 25 297.62 32.20 21875. 00
Expert 5 7 60.0 10.3 27.2 741.7 45. 39 29650. 0
Expert 6 7 52.86 9.57 25.31 640. 48 47. 88 23400. 00
Expert 7 7 64.29 5.05 13. 36 178. 57 20.79 30000. 00
Expert 8 7 66.43 9.80 25.93 672. 62 39.04  34925.00
Expert 9 7 32.14 4.61 12. 20 148. 81 37.95 8125. 00
Expert 10 7  46.43 8.50 22. 49 505. 95 48. 45 18125. 00
Expert 11 7 92.14 2.86 7.56 57. 14 8.20 59775. 00
Expert 12 7 66.67 8.33 20.41 416. 67 30. 62 28750. 00
Expert 13 7 60.71 7.43 19. 67 386. 90 32.40 28125. 00
Expert 14 7 56. 4 10.0 26.6 706.0 47.09 26525.0
Expert 15 7 57.9 13.9 36.8 1357.1 63. 67 31575.0
Expert 16 7 53.6 17.4 46.0 2114.3 85. 83 32775.0
Expert 17 7 16. 43 4.04 10. 69 114. 29 65. 07 2575. 00
Expert 18 7 50.000 0.000000 0.000000 0.000000 0.00 17500.000
Expert 19 7 80.71 3.69 9.76 95. 24 12.09 46175.00
Expert 20 7 69. 2 11.1 27.3 744.2 39.44 32425.0
Vari abl e M ni mum QL Median Maxi mum Range I QR Skewness
Expert 1 25.00 25.00 25.00 75.00 50. 00 50. 00 1.23
Expert 2 25.00 50.00 75.00 95. 00 70. 00 45. 00 -1.01
Expert 3 50.00 50.00 50.00 75.00 25.00 25.00 0. 37
Expert 4 25.00 50.00 50.00 75.00 50. 00 25.00 -0.17
Expert 5 25.0 25.0 75.0 95.0 70.0 50.0 -0.39
Expert 6 25.00 25.00 50.00 95. 00 70. 00 50. 00 0.61
Expert 7 50.00 50.00 75.00 75.00 25.00 25.00 -0.37
Expert 8 25.00 50.00 75.00 95. 00 70. 00 45. 00 -0.43
Expert 9 25.00 25.00 25.00 50. 00 25.00 25.00 1.23
Expert 10 25.00 25.00 50.00 75.00 50. 00 50. 00 0. 35
Expert 11 75.00 95.00 95.00 95. 00 20. 00 0.00 -2.65
Expert 12 25.00 62.50 75.00 75.00 50. 00 12. 50 -2.45
Expert 13 25.00 50.00 75.00 75.00 50. 00 25.00 -1.11
Expert 14 25.0 25.0 50.0 95.0 70.0 50.0 0.09
Expert 15 5.0 5.0 75.0 95.0 90.0 70.0 -1.05
Expert 16 5.0 5.0 75.0 95.0 90.0 90.0 -0.29
Expert 17 5.00 5.00 25.00 25.00 20. 00 20. 00 -0.37
Expert 18 50. 000 50.000 50.000 50.000 0.000000 0.000000 *
Expert 19 75.00 75.00 75.00 95. 00 20. 00 20. 00 1.23
Expert 20 25.0 43.8 75.0 95.0 70.0 51.3 -0.86
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Appendix Q — Descriptive Statistics for Raw Seed Da by Question

Vari abl e

Ques
Ques
Ques
Ques
Ques
Ques
Ques

Vari abl e

Ques
Ques
Ques
Ques
Ques
Ques
Ques

1

~NOoO O~ WN

N~

~No o~ w

N N*

20

OONOOOO

Mean

66.

00

.50
.25
.25
.17
.00
.75

St Dev
21.
24.
28.
21.
21.
25.
24,

86

178

Vari ance
477.
602.
824.
452,
459,
643.
590.

89
89
93
30
56
68
72

Coef Var

33.
45.
47.
29.
62.
57.
34.

12
90
67
85
74
66
85

Sum of
Squar es

96200.
68700.
88275.
110125.
28825.
50950.
108525.

I QR Skewness

.00
.75
.75
.75
.00
.75
.00

-1.
- 0.
- 0.
- 0.

0.

0.
- 0.

43
06
30
97
51
31
79

00
00
00
00
00
00
00

M ni mum
5.00
5.00
5.00

25. 00
5.00
5.00

25. 00



Appendix R — Final Descriptive Statistics for See®ata by Expert

Tot al Sum of
Vari abl e Count Mean SE Mean StDev Variance CoefVar Squares M ni mnum
Expert 1 7 39.29 9.22 24.40 595. 24 62.10 14375.00 25. 00
Expert 2 7 70.00 9.45 25.00 625. 00 35.71 38050.00 25.00
Expert 3 7 60.71 5.05 13.36 178. 57 22.01 26875.00 50. 00
Expert 4 7 53.57 6.52 17.25 297. 62 32.20 21875.00 25.00
Expert 5 7 60.0 10.3 27.2 741.7 45.39  29650.0 25.0
Expert 6 7 52.86 9.57 25.31 640. 48 47.88 23400. 00 25.00
Expert 7 7 64.29 5.05 13.36 178. 57 20.79 30000.00 50. 00
Expert 8 7 66.43 9.80 25.93 672. 62 39.04 34925.00 25. 00
Expert 9 7 32.14 4.61 12.20 148. 81 37.95 8125.00 25. 00
Expert 10 7 46.43 8.50 22.49 505. 95 48.45 18125. 00 25. 00
Expert 12 7 66.67 8.33 20.41 416. 67 30.62 28750.00 25. 00
Expert 13 7 60.71 7.43 19.67 386. 90 32.40 28125.00 25.00
Expert 14 7 56.4 10.0 26.6 706.0 47.09 26525.0 25.0
Expert 15 7 57.9 13.9 36.8 1357.1 63.67  31575.0 5.0
Expert 16 7 53.6 17.4 46.0 2114.3 85.83  32775.0 5.0
Expert 19 7 80.71 3.69 9.76 95. 24 12.09 46175.00 75. 00
Expert 20 7 69.2 11.1  27.3 744.2 39.44  32425.0 25.0
Vari abl e QL Median Maxi mum Range I QR Skewness
Expert 1  25.00 25.00 75.00 50.00 50.00 1.23
Expert 2 50.00 75.00 95.00 70.00 45.00 -1.01
Expert 3 50.00 50.00 75.00 25.00 25.00 0. 37
Expert 4 50.00 50.00 75.00 50.00 25.00 -0.17
Expert 5 25.0 75.0 95.0 70.0 50.0 -0.39
Expert 6 25.00 50.00 95.00 70.00 50.00 0.61
Expert 7 50.00 75.00 75.00 25.00 25.00 -0.37
Expert 8 50.00 75.00 95.00 70.00 45.00 -0.43
Expert 9 25.00 25.00 50.00 25.00 25.00 1.23
Expert 10 25.00 50.00 75.00 50.00 50.00 0.35
Expert 12 62.50 75.00 75.00 50.00 12.50 -2.45
Expert 13 50.00 75.00 75.00 50.00 25.00 -1.11
Expert 14 25.0 50.0 95.0 70.0 50.0 0.09
Expert 15 5.0 75.0 95.0 90.0 70.0 -1.05
Expert 16 5.0 75.0 95.0 90.0 90.0 -0.29
Expert 19 75.00 75.00 95.00 20.00 20.00 1.23
Expert 20 43.8 75.0 95.0 70.0 51.3 -0.86
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Appendix S — Final Descriptive Statistics for SeeBata by Question

Vari abl e N N Mean SE Mean StDev Variance CoefVar Squar es
M ni mum

Ques 1 17 0 64.71 5.38 22.18 492. 10 34.28 79050. 00
5.00

Ques 2 17 0 50.00 5.77 23.78 565. 63 47.57 51550. 00
5.00

Ques 3 17 0 56.76 6.90 28.45 809. 19 50.11 67725.00
5.00

Ques 4 17 0 69.71 5.06 20.88 435. 85 29.95 89575.00
25.00

Ques 5 15 2 27.67 4.14 16.02 256. 67 57.91 15075. 00
5.00

Ques 6 17 0 38.82 5.48 22.61 511.03 58.23 33800. 00
5.00

Ques 7 17 0 69.12 6.11 25.20 635. 11 36.46 91375.00
25.00

Vari abl e QL Median @B Maxi mum Range | QR Skewness

Ques 1 50. 00 75.00 75.00 95.00 90.00 25.00 -1.59

Ques 2 25.00 50.00 75.00 95.00 90.00 50.00 0. 00

Ques 3 25.00 50.00 75.00 95.00 90.00 50.00 -0.22

Ques 4 62. 50 75.00 75.00 95.00 70.00 12.50 -1.12

Ques 5 25.00 25.00 50.00 50.00 45.00 25.00 0.19

Ques 6 25.00 25.00 50.00 75.00 70.00 25.00 0. 33
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Appendix T — Final Descriptive Statistics for Uncowitional Data by

Expert
Tot al
Vari abl e Count N N~ Mean SE Mean StDev Variance CoefVar M ninmm
Expert 1 10 10 0 29.00 6.04 19.08 364. 22 65. 81 4. 00
Expert 2 10 10 0 19.50 6.08 19.23 369. 83 98. 62 1.00
Expert 3 10 10 0 62.40 4,62 14.61 213. 38 23.41 43. 00
Expert 4 10 10 0 51.40 7.26 22.96 527. 38 44. 68 20. 00
Expert 5 10 10 0 42.8 11.1 35.1 1230. 8 81.97 7.0
Expert 6 10 10 0 17.90 4,43 14.01 196. 32 78. 28 1.00
Expert 7 10 10 0 36.30 6.47 20.46 418. 46 56. 35 8. 00
Expert 8 10 10 0 22.50 4,83 15.28 233.61 67.93 7.00
Expert 9 10 10 0 22.10 3.84 12.14 147. 43 54. 94 3.00
Expert 10 10 10 0 43.10 5.12 16.18 261. 88 37.55 24. 00
Expert 12 10 8 2 63.13 8.70 24.60 605. 27 38. 97 12.00
Expert 13 10 10 0 58.50 5.67 17.92 321. 17 30. 63 31. 00
Expert 14 10 10 0 49.9 10.2 32.2 1034. 8 64. 46 14.0
Expert 15 10 10 0 47.90 6.31 19.95 397. 88 41. 64 18. 00
Expert 16 10 10 0 52.2 11.8 37.3 1388. 6 71.39 3.0
Expert 19 10 10 0 52.90 3.43 10.84 117. 43 20. 49 41. 00
Expert 20 10 10 0 68.50 5.30 16.77 281. 17 24. 48 42.00
Vari abl e QL Medi an @ Maxi num Range IR
Expert 1 8.50 33.00 40.00 65.00 61.00 31.50
Expert 2 4,25 10.50 42.75 49.00 48.00 38.50
Expert 3 46. 50 62.50 78.00 84.00 41.00 31.50
Expert 4 31.50 49,50 69.25 87.00 67.00 37.75
Expert 5 8.8 35.5 78.0 96.0 89.0 69.3
Expert 6 9.50 12.50 26.00 50.00 49.00 16.50
Expert 7 15. 75 40.00 57.25 61.00 53.00 41.50
Expert 8 10. 75 16.00 36.00 52.00 45.00 25.25
Expert 9 11.75 22.00 34.50 38.00 35.00 22.75

Expert 10 29.00 42.50 52.25  75.00 51.00 23.25
Expert 12 52.00 65.50 84.75  87.00 75.00 32.75
Expert 13 42.50 60.00 74.25  89.00 58.00 31.75

Expert 14 20.5 44.0 78.0 97.0 83.0 57.5
Expert 15 33.00 44.50 62.25 81.00 63.00 29.25
Expert 16 19.0 48.0 94.0 95.0 92.0 75.0

Expert 19 44.50 49.50 60.00 75.00 34.00 15.50
Expert 20 49.00 74.00 82.75 85.00 43.00 33.75
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Appendix U — Final Descriptive Statistics for Uncoditional Data by

Question

Sum of
Vari abl e N Mean SE Mean StDev Variance CoefVar Squar es
Uncondi tional Ques.1 17 30.24 5.25 21.63 467. 69 71.53 23024.00
Uncondi ti onal Ques. 2 17 29.71 5.75 23.72 562. 60 79.85 24003. 00
Uncondi tional Ques.3 17 42.76 6.43 26.49 701. 82 61.95 42319.00
Uncondi tional Ques.4 16 46.06 7.33 29.33 860. 06 63.67 46849.00
Uncondi tional Ques.5 17 46. 47 5.61 23.14 535. 64 49.80 45282.00
Uncondi ti onal Ques. 6 17 38.00 5.20 21.46 460. 38 56.46 31914.00
Uncondi tional Ques.7 16 37.69 5.67 22.66 513.70 60. 14 30431.00
Uncondi ti onal Ques. 8 17 63.47 6.18 25.46 648. 26 40.11 78857.00
Uncondi ti onal Ques.9 17 53.41 6.19 25.51 651. 01 47.77 58914.00
Uncondi tional Ques.10 17 45.00 6.82 28.12 790. 63 62.48 47075.00
Vari abl e M ni num QL Median @ Maxi mum Range IR
Uncondi tional Ques.1 4.00 13.00 24.00 47.00 81.00 77.00 34.00
Uncondi tional Ques. 2 1.00 12.00 26.00 40.00 87.00 86.00 28.00
Uncondi tional Ques.3 7.00 22.00 32.00 68.00 86.00 79.00 46.00
Uncondi ti onal Ques. 4 4.00 20.00 43.50 73.75 96.00 92.00 53.75
Uncondi tional Ques.5 7.00 31.00 45.00 63.50 94.00 87.00 32.50
Uncondi tional Ques.6 3.00 22.50 40.00 51.50 82.00 79.00 29.00
Uncondi tional Ques.7 5.00 15.25 43.50 54.00 75.00 70.00 38.75
Uncondi ti onal Ques. 8 13.00 49.50 67.00 84.00 94.00 81.00 34.50
Uncondi tional Ques.9 1.00 45.00 57.00 69.00 97.00 96.00 24.00
Uncondi tional Ques. 10 2.00 20.00 39.00 67.00 95.00 93.00 47.00
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Appendix V — Final Descriptive Statistics for Condiional Data by

Expert
Tot al
Vari abl e Count N N~ Mean SE Mean StDev Variance CoefVar M ninmm
Expert 1 10 10 0 54.40 6.54 20.69 428. 04 38. 03 30. 00
Expert 2 10 10 0 46.30 9.73 30.77 946. 68 66. 45 9. 00
Expert 3 10 10 0 78.10 3.64 11.51 132.54 14. 74 61. 00
Expert 4 10 10 0 43.90 4,39 13.88 192. 77 31.63 17.00
Expert 5 10 10 0 44, 3 11.9 37.6 1410. 2 84.77 1.0
Expert 6 10 10 0 43.00 6.91 21.85 477. 56 50. 82 18. 00
Expert 7 10 10 0 66.30 7.52 23.78 565. 57 35. 87 25. 00
Expert 8 10 10 0 72.60 6.48 20.49 420. 04 28.23 47. 00
Expert 9 10 10 0 46.70 6.84 21.63 468. 01 46. 32 17.00
Expert 10 10 10 0 72.60 8.64 27.32 746. 27 37.63 31.00
Expert 12 10 8 2 76.38 5.95 16.82 282. 84 22.02 47. 00
Expert 13 10 10 0 67.30 6.08 19.24 370. 23 28.59 35. 00
Expert 14 10 10 0 68.00 5.99 18.95 359. 11 27. 87 44, 00
Expert 15 10 10 0 55.20 8.22 26.01 676. 40 47.12 14. 00
Expert 16 10 10 0 86.70 4,97 15.71 246. 68 18.12 51. 00
Expert 19 10 10 0 85.80 4,34 13.73 188. 40 16. 00 61. 00
Expert 20 10 10 0 85.80 2.43 7.70 59. 29 8. 97 70. 00
Vari abl e QL Medi an @ Maxi num Range IR
Expert 1 40.75 47.50 70.00 99.00 69.00 29.25
Expert 2 17. 25 35.50 78.00 88.00 79.00 60.75
Expert 3 66. 50 78.00 89.25 94.00 33.00 22.75
Expert 4 32.00 49.50 54.50 59.00 42.00 22.50
Expert 5 4.0 45.5 82.5 97.0 96.0 78.5
Expert 6 24. 00 42.00 56.00 87.00 69.00 32.00
Expert 7 48. 50 65.50 89.00 97.00 72.00 40.50
Expert 8 53.25 68.00 96.00 99.00 52.00 42.75

Expert 9 25.25 48.50 63.00 80.00 63.00 37.75
Expert 10 41.00 84.50 95.25 97.00 66.00 54.25
Expert 12 66.50 75.00 92.25 99.00 52.00 25.75
Expert 13 52.00 68.00 82.25 98.00 63.00 30.25
Expert 14 50.75 70.50 79.25 99.00 55.00 28.50
Expert 15 39.00 53.00 80.75 89.00 75.00 41.75
Expert 16 80.00 93.00 97.25 99.00 48.00 17.25
Expert 19 69.50 92.50 94.75 97.00 36.00 25.25
Expert 20 79.50 90.00 91.25 93.00 23.00 11.75
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Appendix W — Final Descriptive Statistics for Condiional Data by

Question

Sum of
Vari abl e N Mean SE Mean StDev Variance CoefVar Squar es
Conditional Ques.1 17 51.71 7.05 29.09 846. 10 56.26  58987.00
Condi tional Ques.2 17 50.65 5.60 23.09 533. 12 45.59  52137.00
Conditional Ques.3 17 73.00 6.05 24.96 623. 25 34.20 100565. 00
Conditional Ques.4 16 79.13 5.78 23.12 534. 65 29.22 108192.00
Conditional Ques.5 17 76.00 6.10 25.16 633. 00 33.10 108320.00
Conditional Ques.6 17 60.12 5.46 22.50 506. 36 37.43  69542.00
Conditional Ques.7 16 54.63 6.51 26.04 678. 12 47.67  57914.00
Conditional Ques.8 17 68.76 5.33 21.99 483. 57 31.98 88123.00
Conditional Ques.9 17 61.94 6.38 26.29 691. 06 42.44  76281. 00
Condi tional Ques.10 17 66.12 5.58 22.99 528.61 34.77 82774.00

Vari abl e M ni num QL Median @ Maxi mum Range IR
Condi ti onal Ques. 1.00 30.00 49.00 80.00 92.00 91.00 50.00
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
Condi tional Ques.
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Appendix X — Probability Data Points for Unconditional Data

Appendix X - Unconditional probability data points for Question 1:

Prevent terrorist attacks in the country.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 4

2 9 9

3 10 43

4 12 20

5 13 8

6 15 10

7 18 16

8 19 18

9 20 28

10 21 24

12 26 81

13 29 59

14 30 21

15 31 35

16 32 28

19 41 59

20 42 51
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Appendix X - Unconditional probability data points for Question 2:

Prevent terrorist attacks in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 7

2 9 21

3 10 78

4 12 27

5 13 12

6 15 1

7 18 8

8 19 12

9 20 26

10 21 33

12 26 87

13 29 38

14 30 14

15 31 27

16 32 24

19 41 48

20 42 42
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Appendix X - Unconditional probability data points for Question 3:

Respond to disasters in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 9

2 9 48

3 10 78

4 12 41

5 13 7

6 15 26

7 18 15

8 19 28

9 20 18

10 21 30

12 26 86

13 29 31

14 30 32

15 31 58

16 32 84

19 41 59

20 42 77
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Appendix X - Unconditional probability data points for Question 4:

Streamline justice administration in my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 37

2 9 7

3 10 84

4 12 42

5 13 96

6 15 15

7 18 45

8 19 35

9 20 8

10 21 43

12 26

13 29 74

14 30 73

15 31 44

16 32 4

19 41 45

20 42 85
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Appendix X - Unconditional probability data points for Question 5:

Cut the cost of information sharing for my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 39

2 9 12

3 10 63

4 12 64

5 13 65

6 15 23

7 18 56

8 19 7

9 20 13

10 21 49

12 26 58

13 29 44

14 30 72

15 31 45

16 32 94

19 41 43

20 42 43
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Appendix X - Unconditional probability data points for Question 6:

Reduce crime in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 33

2 9 41

3 10 45

4 12 33

5 13 47

6 15 8

7 18 19

8 19 7

9 20 38

10 21 26

12 26 66

13 29 61

14 30 56

15 31 40

16 32 3

19 41 41

20 42 82
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Appendix X - Unconditional probability data points for Question 7:

Improve public confidence in the justice system in my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 20

2 9 5

3 10 47

4 12 58

5 13 9

6 15 10

7 18 47

8 19 14

9 20 34

10 21 42

12 26

13 29 75

14 30 19

15 31 56

16 32 48

19 41 45

20 42 74
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Appendix X - Unconditional probability data points for Question 8:

Increase the professionalism of my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 65

2 9 49

3 10 67

4 12 87

5 13 24

6 15 50

7 18 61

8 19 13

9 20 17

10 21 75

12 26 65

13 29 89

14 30 93

15 31 81

16 32 94

19 41 75

20 42 74
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Appendix X - Unconditional probability data points for Question 9:

Improve internal communications at my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 43

2 9 1

3 10 62

4 12 57

5 13 76

6 15 26

7 18 61

8 19 52

9 20 3

10 21 47

12 26 50

13 29 62

14 30 97

15 31 75

16 32 48

19 41 63

20 42 85
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Appendix X - Unconditional probability data points for Question 10:

Address emerging law enforcement issues.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 33

2 9 2

3 10 57

4 12 85

5 13 84

6 15 10

7 18 35

8 19 39

9 20 36

10 21 62

12 26 12

13 29 52

14 30 22

15 31 18

16 32 95

19 41 51

20 42 72
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Appendix Y — Probability Data Points for Conditional Data

Appendix Y- Conditional probability data points for Question 1:

Prevent terrorist attacks in the country

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 69

2 9 9

3 10 88

4 12 29

5 13 1

6 15 31

7 18 49

8 19 73

9 20 45

10 21 32

12 26 66

13 29 57

14 30 44

15 31 18

16 32 87

19 41 92

20 42 89
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Appendix Y- Conditional probability data points for Question 2:

Prevent terrorist attacks in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 73

2 9 28

3 10 75

4 12 17

5 13 33

6 15 18

7 18 25

8 19 63

9 20 52

10 21 31

12 26 68

13 29 52

14 30 44

15 31 46

16 32 84

19 41 61

20 42 91
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Appendix Y- Conditional probability data points for Question 3:

Respond to disasters in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 42

2 9 88

3 10 82

4 12 59

5 13 4

6 15 56

7 18 50

8 19 99

9 20 75

10 21 77

12 26 99

13 29 67

14 30 74

15 31 89

16 32 90

19 41 97

20 42 93
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Appendix Y- Conditional probability data points for Question 4:

Streamline justice administration in my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 99

2 9 33

3 10 93

4 12 53

5 13 97

6 15 56

7 18 97

8 19 95

9 20 34

10 21 97

12 26

13 29 72

14 30 71

15 31 89

16 32 97

19 41 92

20 42 91
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Appendix Y - Conditional probability data points for Question 5:

Cut the cost of information sharing for my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 51

2 9 38

3 10 94

4 12 46

5 13 81

6 15 87

7 18 95

8 19 99

9 20 17

10 21 92

12 26 87

13 29 98

14 30 70

15 31 55

16 32 96

19 41 94

20 42 92
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Appendix Y- Conditional probability data points for Question 6:

Reduce crime in my jurisdiction.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 30

2 9 77

3 10 65

4 12 33

5 13 58

6 15 24

7 18 47

8 19 55

9 20 26

10 21 68

12 26 94

13 29 52

14 30 72

15 31 78

16 32 97

19 41 68

20 42 78
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Appendix Y- Conditional probability data points for Question7:

Improve public confidence in the justice system in my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 37

2 9 81

3 10 67

4 12 39

5 13 4

6 15 26

7 18 64

8 19 47

9 20 59

10 21 95

12 26

13 29 69

14 30 58

15 31 14

16 32 51

19 41 93

20 42 70
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Appendix Y- Conditional probability data points for Question 8:

Increase the professionalism of my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 56

2 9 76

3 10 76

4 12 56

5 13 14

6 15 53

7 18 67

8 19 48

9 20 56

10 21 94

12 26 75

13 29 79

14 30 95

15 31 51

16 32 99

19 41 94

20 42 80
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Appendix Y- Conditional probability data points for Question 9:

Improve internal communications at my agency.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 44

2 9 15

3 10 61

4 12 54

5 13 87

6 15 24

7 18 87

8 19 84

9 20 23

10 21 44

12 26 47

13 29 92

14 30 99

15 31 63

16 32 68

19 41 70

20 42 91
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Appendix Y- Conditional probability data points for Question 10:

Address emerging law enforcement issues.

Expert # | Expert >than 10%- 40%- 60%- >than
ID 10% 40% 60% 90% 90%

1 6 43

2 9 18

3 10 80

4 12 53

5 13 64

6 15 55

7 18 82

8 19 63

9 20 80

10 21 96

12 26 75

13 29 35

14 30 53

15 31 49

16 32 98

19 41 97

20 42 83
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