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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 that has been 

widely used in the private sector. A modified version is the cost benefit analysis, which is 

used in the public sector. Both of these processes use the time value of money, which is 

where an issue arises. In order to perform a return on investment or cost benefit analysis, 

all current and future data has to be stated in present value cash. This is referred to as 

economic accounting.   

Quantifying technology projects in terms of future dollars can be very difficult. Many 

technology projects will have a significant impact on the overall market or individual 

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 applicable. This project 

looks for an alternative way to evaluate technology in the public sector by studying the 

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 is defined 

that will show the value of a new technology using expert elicitation. With expert 

elicitation, the probability of successful outcomes is calculated. Using outcomes tied to 

strategic goals, the decision maker can assess the probability of how their organization 

will be impacted. The project also looks at the relationship between centrally- developed 

goals and those of the local organization. This project uses the National Information 

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 that has been 

widely used in the private sector. A modified version is the cost benefit analysis, which is 

applicable to the public sector. Both of these processes use the time value of money, 

which is where an issue arises: in order to perform a return on investment or cost benefit 

analysis, all current and future data has to be stated in cash. This requirement is a major 

drawback when evaluating technology projects. Many times technology projects have 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 applicable, so the cost 

benefit analysis is used. Simply stated, the cost benefit analysis totals up the cost and 

benefits of a project in terms of current dollars. In addition to the issue that all the 

benefits have to be quantified in dollars, another issue is that the benefits are calculated 

wherever they accrue. This means that one public agency can incur the cost while another 

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 where the future 

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 and a decision 
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is made across these boundaries for the benefit of the owners, however, that requires a 

significantly large project.  

The public version of capital planning, cost benefit analysis is also often referred 

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 2002). Cost benefit is 

loosely modeled after the capital planning tools of net present value and internal rate of 

return used in the private sector. One feature that all three have in common is that they 

use discounted cash flows. While this has some applicability in the private sector it is 

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 agencies to 

develop strategic plans for how they would deliver high-quality products and services to 

the American people (Artley, Ellison, and Kennedy 2001). Cost benefit was maintained 

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 performance outcomes as 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. 
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Background 
 

This work is being done at the Integrated Justice Information Institute (IJIS) and 

the Department of Engineering Management and Systems Engineering in the School of 

Engineering and Applied Science at The George Washington University. IJIS is a non-

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 tribal level. In this role, 

IJIS was the originator of the Global Justice Exchange Data Model (GJXDM). GJXDM is 

the predecessor of the National Information Exchange Model (NIEM 2.0), which is the 

test case for this paper. The Department of Justice has given IJIS the task of developing 

the outreach program for NIEM 2.0, and the institute is looking at performance measures, 

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 Management and 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 the probability of 

successful outcomes in the decision-making process. 

Performance measures were also defined in hearings held by the United States 

House Judiciary Crime Sub-Committee Crime Summit held on June 22, 2007. Categories 

were defined as:  output measures, outcome measures, and efficiency measures. Output 

measures and efficiency measures are areas where typical cost benefit analysis may be 
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appropriate (Center for Society Law & Justice and Texas State University 2008). When 

organizations are required to provide a cost benefit analysis as part of their justification 

for a capital expenditure, these are primarily the areas where they have to focus. Outcome 

measures are much more difficult to quantify in dollars and, where they can be 

quantified, 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 forced to decide with 

data that cannot be verified. It is very difficult to audit the return on investment, or cost 

benefit analysis years after a project has been implemented, however, auditing outcome 

performance is usually a much simpler task. Another issue is that cost benefit analysis 

and return on investment analysis quantify outcomes using the current value of money. It 

is not clear whether all benefits reduce in value simply because they are further out in 

time. Discounting cash to current value is an appropriate technique, but it is not clear that 

benefits which are not normally quantified as cash should be treated in the same way.  

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 life of a thirty-five-

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. 
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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 and should be 

an area of future study. Private entities may not be willing to have outside experts 

evaluate strategic projects, and the use of internal experts could very well lead to a 

uniformity that would not be acceptable. Private entities also have a point where cost and 

benefits come together at some decision maker in the organization. This is not always the 

case in the public sector especially when different branches of government are involved.   

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 IJIS Institute. NIEM 2.0 is not 

software, but a knowledge management tool for tagging data with a common meta-data 

structure. NIEM 2.0 was selected because it has a number of positive attributes: 

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

2. It is 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 agencies and 

thus, the experts used will be from the law enforcement field. A separate set of outcomes 

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.   
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Chapter 2 Literature Review 
 
 

A review of the literature on this topic yields a great deal of material. An 

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, decision trees, 
risk analysis, and the analytical hierarchy process; 

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

7. Artificial intelligence, including expert systems and fuzzy sets; 
8. Portfolio optimization. 

Areas covered in this study are strategic capital budgeting, expert elicitation, 

performance outcomes and the National Information Exchange Model (NIEM 2.0). 

Under capital budgeting, the literature is split between strategic capital budgeting, capital 

budgeting for technology and cost benefit analysis. Expert elicitation includes a review of 

elicitation, Bayesian models, calibration and weighting, scenario analysis and the 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 and Electronics Engineers’ 

IEEE Journal of Engineering Management and several published books on expert 

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

from government publications. 
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Strategic Capital Budgeting 
 

Strategic capital budgeting is defined as the process of evaluating and selecting 

long-term investments that are consistent with an organization’s goals (Gitman 2008). In 

the private sector the primary decision tool for capital budgeting is return on investment 

analysis. In the public sector it is cost benefit analysis. Both tools are discussed here. 

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 comprises a large 

part of every text. There are three methods in popular use to calculate the ROI: net 

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 discounted at 
a rate equal to the firms cost of capital.  

2. Internal Rate of Return is a capital budgeting technique where the discount rate 
equates the net present value with 0.  

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

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 of a series of 

investments. The fourth is the present value of an annuity, which calculates the current 

value of a series of future payments. 
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The mathematical equations are presented in both (Gitman 2008; Ross, 

Westerfield, and Jordan 2007) and are widely published within the finance community. 

Where FVn is the Future Value at time n, PV0 is the Present Value at time 0, FVA is the 

Future Value of an Annuity, PVA is the Present value of an Annuity, r is the discount 

rate, and t is time.  

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

FV = (1+r)t 
    

Equation 2: Present value of $1 to be received after t periods   

PV = 1/(1+r)t  
 
Equation 3: Future Value of an Annuity of $1 per period for t periods is 

FVAt = (1+k)t -1  
         r    
       

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

  PVAt = 1- [1/(1+k)t]  
    r 
 

Using the time value of money, both the net present value and internal rate of 

return are calculate as follows:  Where CF0 is the cash flow of the investment at time 0, 

CFt it the future cash flow at point t, k is the discount rate, and IRR is the estimated 

internal rate of return. 

Equation 5: Net Present Value   

 ��� � ∑ �CFt / 1 
 k�t� � CF0���0  
        

Equation 6: Internal Rate of Return:     

  ��� � ∑ �CF0 /  1 
 IRR�t� � CF0����  
 
    

Other techniques used in capital planning include average accounting return and 

the profitability index. The common definition for the average accounting return is the 
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average net income divided by the average book value. Profitability index measures the 

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 

quantifying measure, and all, (with the exception of payback), use discounted cash flows. 

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, any time in the 

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, business 

cycles and competitors. The second set of risk includes cost elements and projections. A 

number of tools are used to help manage risk, including scenario analysis and sensitivity 

analysis. Scenario analysis examines changes to the net present value under different cash 

flow scenarios, such as best/worst case. Sensitivity analysis changes one variable at a 

time, and the impact of the change to the final solution is measured by identifying which 

variables have the greatest impact (Ross, Westerfield, and Jordan 2007).  

Other methods for dealing with risk include, adjusting the discount rate with a risk 

factor, which is a form of “What If” analysis, or using Monte Carlo simulation to help 

determine unknown cost. When comparing one project against another, these techniques 
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work well when making a standard set of assumptions, but for single projects they still 

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 in the Journal 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 and realizing 

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 changed to see what the impact 

to the outcome is. By applying standard Monte Carlo techniques with random number 

generation, a probability distribution is generated for each cost element. This will 

produce a final net present value within a given range at whatever percentage the decision 

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 maximizes the 

return for a given level of risk. Assets are correlated with a statistical measure of their 

relationship and correlation is either positive or negative. When negatively-correlated 

assets are added to a portfolio, the result is called diversification. Some assets are 

uncorrelated and adding these assets will reduce risk, but not as effectively as adding 

negatively-correlated assets (Gitman 2008).  

Equation 7: The expected return of a portfolio with weighted assets 

�����  �  �� �������  
  �� ������� 
 … … 
  �! ����!�� 
Portfolio theory has been primarily used with financial assets, such as stocks and 

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 in the United 

Kingdom Criminal Justice Information Technology (CJIT). The portfolio is created by 

assessing each potential project. Projects are funded through the CJIT budget only if they 

have cross-organizational value, can demonstrate a positive return on investment (ROI), 

and can meet a minimum standard for attractiveness and achievability. Furthermore, 

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 diversification, it 

does create a portfolio by defining criteria for assets to be added to the group.  

The idea of portfolio diversification was used by Stephen Jenner at the Office for 

Criminal Justice Reform (CJIT). Here IT portfolios are segmented into categories: 

Mandatory, Strategic, Business Support, Experimental, Infrastructure, Maintenance, and 

Cross-organizational. Investments in these categories can be managed with a 

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 from this, particularly when 

dealing with technology projects. Not the least of which is the availability of high value 

projects which will fit the portfolio model. 

 Because these private sector tools deal with relevant cash flow and cost of capital, 

they are not directly applicable to the public sector. Relevant cash flow is defined as the 

cash flows that will occur only if the project is accepted. These cash flows are called 

incremental cash flows. Among the relevant cash flows a private sector entity has to 

consider are depreciation and taxes. Depreciation itself is a non-cash expense, and 



 
 

12 
 

consequently, it is only relevant because it affects taxes (Ross, Westerfield, and 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 were easily tied to 

the long-term strategies of the business. Investments in technology bring an entirely 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 information systems 

investments. These findings are based on a survey of 134 senior information systems (IS) 

personnel and management. The author found that when capital budgeting is used for 

technology, simple techniques such as payback period and cost benefit are preferred over 

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 Information 

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 0 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 selection criteria, users 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 most important 

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 search for IT value 

has been mixed. Many companies continue to make IT investments in the dark, without 

any clear understanding of the strategic or financial impact. They also find that 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 types of firms: the 

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 complexity the 

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 this depends largely on 

the type of products that a firm produces. A firm with highly differentiated products 

enjoys substantial market power, enabling it to leverage its IT investment. A firm with 
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highly substitutable products has less market power. Since IT is a commodity available to 

all firms, investment in IT will not give them an advantage over their competition 

(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 the benefits 

expected. Efforts to link IT investments to financial performance have failed and 

therefore, different business metrics are needed for IT (Smith, McKeen, and Street 2004). 

Technology, including IT, has an impact on an organization’s financial 

performance. The disputed issue is whether the impact is positive or negative. Here, the 

authors propose three different types of measures. The first, are enterprise measures, 

which tie the work of technology directly to the performance of the organization. The 

second are functional measures, where technology is tied to operational performance and 

employee satisfaction. The third are project measures, where technology is measured 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 ask: if new non-financial 

metrics are needed, then how can investments, be justified solely on a financial basis?  

This is one argument for outcome measures that are tied to strategic objectives in the 

private sector. 

In their article, “A Performance Evaluation Framework for a Public University 

Knowledge Management System,” Kleist, Larue and Peace look at the problems with 

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 most difficult 

technologies in which to measure performance, because of the intangible nature of 

institutional knowledge. They add to this the problem that a university’s goals, such as 

educating students, raising graduation rates, and enhancing institutional prestige, do not 

necessarily include increasing the organization’s bottom line (Kleist, Williams, and Peace 

2004).  

They also point out that the literature on IT evaluation is split into two camps: 

qualitative and quantitative. Qualitative measures include a strict set of rules such as 

hurdle rates and expected returns, while quantitative measures include strategic 

advantages or future opportunities. They suggest that evaluation measures taken close to 

the impact level of a firm may be a better measure of IT impact when assessing 

performance impact. They describe a model, in use at the West Virginia University, that 

attempts to map both qualitative and quantitative factors into a spectrum ranging from the 

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. Performance 

outcome probability tied with a cost benefit analysis, attempts to achieve the same goal. 

At best, the literature up until this point indicates a need for a multi-criteria 

decision tool. This idea is proposed by Componation, Sadowski, and Youngblood in their 

article “Aligning Strategy and Capital Allocation Decisions: A Case Study” (2006).  

Here, the authors find that as of March 2006 there have been many articles concerned 

with the various merits of Multi-Criteria Decision Analysis (MCDA) and the 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, Virginia, there 

was no submission that met the criterion of describing a real situation well enough to earn 

the prize in that category (Componation, Sadowski, and Youngblood 2006). 

The authors’ experiment is designed to determine if the corporate strategy at their 

subject company is resulting in a consistent set of priorities for capital investment. 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 resulting in consistent 

investment decisions. On the use of an MCDA, they found that multiple alternatives were 

more likely to be performed internally within one division. It was rare that investment 

alternatives across divisions were viewed together. The conclusion was that while one 

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 numerical values for 

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 subjective data. The 

authors did recommend additional research once the subjects were made more familiar 

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 Raisinghani in their 

article “Measuring ROI in an E-Business: A Practical Approach.” The authors present 

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 imperfect calculation and 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 applications, so 

there is no need to calculate it. They conclude with the observation, that since similar 

companies may already be using the technology, they justified it so there is no need to do 

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 project is 

calculated, it is easier to do so for other projects. Lastly, the return on investment analysis 

will provide a sense of which E-Commerce applications produce the best and fastest 

results. The results of their survey summarize the situation. They recognize that E-

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 recognize that 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 capital. As in the 

public sector, it appears that a tool predicting the probability of successful outcomes may 

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 initiated. 

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’s precedent, by 
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establishing the Regulatory Analysis Review Group. When President Reagan signed 

Executive Order No. 12291, which called for a commitment by all federal agencies to 

cost benefit analysis, the commitment to cost benefit was finally made. The process 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), Geoffrey Kingston 

provides a thorough overview of the cost benefit process. His process includes five steps:  

1. Determine scope and objectives,  
2. Identify constraints.  
3. Identify alternatives,  
4. Identify cost and benefits and  
5. Calculate net present value (Kingston 2001).  

 
Of primary interest here are steps four and five where cost and benefits are 

identified and net present value calculated. Kingston states that equipment, structures and 

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 estimated using the 

“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 period 0), here cost 

can be over a period of time. Here B equals the benefits and C equals the costs. The rate 

and time continue to be represented as k and t. 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 spread over time, this 

could be unobtainable is not considered here.  

Equation 8: The Cost Benefit Equation   

 ��� � ∑ �Bt � Ct/ 1 
 k�t�#$�0  
 
 In his paper, “The Economic Analysis of Regulation: A response to the Critics,” 

author Robert Hahn defends cost benefit analysis. He identifies five key contributions 

that the regulation of economic analyses has made to the overall understanding of social 

policy. They are: providing useful information on the effectiveness of regulatory policies, 

setting the stage for smarter regulation, developing new research insights, developing 

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 identifies as the 

major critiques of cost benefit analysis, which include, discounting benefits, anti-

regulatory bias, use of ex-ante estimates, qualitative benefits, and robustness of results 

(Hahn 2004). He offers responses to these critiques and believes that the output of cost 

benefit analysis is still valid. I believe that a review of two of these critiques and his 

responses leaves this question unanswered.  

Hahn states that the discount rate is critical in cost benefit analysis. Using a lower 

discount rate will produce more acceptable projects, since the future benefits will have a 

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 



course, that the government is

to use this as a discount rate for public investments.

Hahn goes on to say that using a discount rate to discount future benefits and cost 

is a justified and widely-accepted component of economic analysis. He points out that a 

dollar consumed today is worth more than a dollar consum

but he does not answer the question of what the discount rate is and if different rates 

should be applied to different benefits. The best example to illustrate this is the question 

what is the value of a human life?  Is the

this year than the life of a thirty

In his article, Hahn tries to address 

1 we see the fraction of regulations that 

discount rates, with different values of statistical life. For example, with a life valued at 

$5 million and a 5% discount rate, 43% of the regulations would pass a cost benefit 

analysis. The table is based on 106 re

Table 1: Varying Rates of Statistical Life and the Discount Rate on Regulations Passing Cost Benefit 
Analysis.  

Hahn points out that the chart shows that the range

based on which scenario is used. He correctly states that it
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course, that the government is not making private investments and there is no real reason 

ate for public investments. 

Hahn goes on to say that using a discount rate to discount future benefits and cost 

accepted component of economic analysis. He points out that a 

dollar consumed today is worth more than a dollar consumed next year. This is correct, 

but he does not answer the question of what the discount rate is and if different rates 

should be applied to different benefits. The best example to illustrate this is the question 

what is the value of a human life?  Is the life of a thirty-five-year-old person worth more 

this year than the life of a thirty-five-year-old person next year?   

In his article, Hahn tries to address this issue with the table shown below. 

fraction of regulations that would pass a cost benefit analysis at 

, with different values of statistical life. For example, with a life valued at 

$5 million and a 5% discount rate, 43% of the regulations would pass a cost benefit 

analysis. The table is based on 106 regulations (Hahn 2004).  

: Varying Rates of Statistical Life and the Discount Rate on Regulations Passing Cost Benefit 

that the chart shows that the range is between 35% and 45% 

is used. He correctly states that it is logical that as the value of 

not making private investments and there is no real reason 

Hahn goes on to say that using a discount rate to discount future benefits and cost 

accepted component of economic analysis. He points out that a 

ed next year. This is correct, 

but he does not answer the question of what the discount rate is and if different rates 

should be applied to different benefits. The best example to illustrate this is the question – 

old person worth more 

with the table shown below. In Table 

pass a cost benefit analysis at various 

, with different values of statistical life. For example, with a life valued at 

$5 million and a 5% discount rate, 43% of the regulations would pass a cost benefit 

: Varying Rates of Statistical Life and the Discount Rate on Regulations Passing Cost Benefit 

 

is between 35% and 45% 

is logical that as the value of 
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future benefits increases and the discount rate decreases more regulations would pass. 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 years old today, 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 discount rate 

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 river worth less in five 

years than it is today?  Proponents say that if you discount the future value, it recognizes 

that the dollars saved in the future are worth less than the dollars spent today. If that is the 

case, then should the future benefits not be inflated to reflect their future value?  Inflation 

would be much easier for the government to estimate than its cost of capital. The process 

today has us pricing the value of a thirty-five-year-old in five years at the same 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 authors discuss 

what they call behavioral anomalies, made when cost benefit analysis is applied to 

regulations made in the environmental area. 

Most relevant to this project is the anomaly they call willingness to pay (WTP) 

verses willingness to accept to compensation (WTAC) for a given change in the supply of 

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

higher level of environmental quality, then the WTAC estimate for preventing a decline 

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. There is a 

general agreement among applied economists that if one measured both the WTP and 

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 alternatives that will 

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 people being 

asked to quantify benefits? There are actually two questions here about information: how 

well are the people informed and how well are the questions framed, the authors present 

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 for everything they might 

be asked. The second is that people will build a range of preferences based on the 

questions. Here the authors propose a solution for what they term the ‘uncertainty gap.’  

Rather than just “yes for sure” answers, they allow “yes maybe” answers (Hanley 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 produce a 

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 water, but are not 

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. In 

this article a fair number of issues are raised with the cost benefit analysis, but no real 

answers are provided. As will be shown later with expert elicitation, responses are 

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

In the article “Benefit-Cost Analysis: A pedagogical note” by E. Cohen from the 

University of South Carolina, the presumption is that there are issues with the cost benefit 

analysis, but that the process is relatively non-controversial when used correctly. Cohen 

points out that despite all the difficulties with cost benefit analysis, the important 

advantage is that it does force those responsible to quantify cost and benefits as best they 

can. He goes on to state that a project selection made under any rule may be sensitive to 

the social rate of discount used, but the real difficulty is measuring the cost of benefits 

(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 analysis. The criteria 

for accepting a project under the cost benefit analysis is that all projects have a 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 calculated. 

The idea is the higher the ratio the more; “Bang for the Buck” that is achieved. He calls 

this analysis, the benefit cost ration (B/C Ratio).  Because the net present value 

acceptance rule is, benefits minus cost are greater then zero (B – C > 0), then assuming C 



is a positive number we can divided both sides by 

the table below all of the projects hav

accepted.  However, project A has the highest net present value but not the highest

Benefit to Cost ratio. 

Table 2: Comparison of Ranking Projects between Net Present Value and Benefit Cos

When valued by the benefit to cost ratio, project E would be the first choice.  The 

lower part of the table shows combinations of projects that would fall with in a set 

investment level.  If possible the best alternative would be to do project 

only one option is available then the combination of B and E would produce the highest 

benefit- cost ratio.  Cohn points out that in order for the benefit to cost ratio to be valid, 

consistent assignment of elements must be made for all 

maintenance all must.(Cohn 2003)

Cohn proposes a second 

budgeting process: the internal rate of return. 

return is exactly the same as the equation in the private sector.
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is a positive number we can divided both sides by C producing, B/C > 1.  As viewed in 

the table below all of the projects have a positive net present value and would be 

accepted.  However, project A has the highest net present value but not the highest

: Comparison of Ranking Projects between Net Present Value and Benefit Cos

When valued by the benefit to cost ratio, project E would be the first choice.  The 

lower part of the table shows combinations of projects that would fall with in a set 

investment level.  If possible the best alternative would be to do project E, five times.  If 

only one option is available then the combination of B and E would produce the highest 

cost ratio.  Cohn points out that in order for the benefit to cost ratio to be valid, 

consistent assignment of elements must be made for all projects.  If one project includes 

(Cohn 2003) 

second solution taken directly from the private sector capital 

process: the internal rate of return. Cohn’s equation for the internal rate of 

return is exactly the same as the equation in the private sector. 

.  As viewed in 

e a positive net present value and would be 

accepted.  However, project A has the highest net present value but not the highest 

: Comparison of Ranking Projects between Net Present Value and Benefit Cost Ratio   

 

When valued by the benefit to cost ratio, project E would be the first choice.  The 

lower part of the table shows combinations of projects that would fall with in a set 

E, five times.  If 

only one option is available then the combination of B and E would produce the highest 

cost ratio.  Cohn points out that in order for the benefit to cost ratio to be valid, 

projects.  If one project includes 

ken directly from the private sector capital 

for the internal rate of 



 

As in the private sector, the internal rate of return is the discount rate, where the 

present value of the benefits equals the present value of the cost. This technique is most 

useful in ranking cost benefit projects, or when the exact social discount rat

but in a known range. Just as in the private sector, the calculations will produce a 

crossover chart (Cohn 2003)

Figure 

 Figure 1 shows that at a discount rate of 6% or higher, project B would be 

selected. At a discount rate below 6%, project A woul

crossover point. The figure also shows the slope of the net present value at different 

discount rates for each project. This is an indicator of the sensitivity of the project. 

Conflict between IRR and NPV rankings most oft

different lives. The IRR is especially appealing when projects or sets of projects from 

different government departments are compared. Here it is possible that each department 
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Equation 9: IRR under Cost Benefit  

 

As in the private sector, the internal rate of return is the discount rate, where the 

present value of the benefits equals the present value of the cost. This technique is most 

useful in ranking cost benefit projects, or when the exact social discount rat

but in a known range. Just as in the private sector, the calculations will produce a 

(Cohn 2003). 

Figure 1: The Switching Phenomenon (Cohn 2003) 

Figure 1 shows that at a discount rate of 6% or higher, project B would be 

selected. At a discount rate below 6%, project A would be the choice. Thus, 6% is the 

crossover point. The figure also shows the slope of the net present value at different 

discount rates for each project. This is an indicator of the sensitivity of the project. 

Conflict between IRR and NPV rankings most often occurs when projects have 

different lives. The IRR is especially appealing when projects or sets of projects from 

different government departments are compared. Here it is possible that each department 

As in the private sector, the internal rate of return is the discount rate, where the 

present value of the benefits equals the present value of the cost. This technique is most 

useful in ranking cost benefit projects, or when the exact social discount rate is unknown, 

but in a known range. Just as in the private sector, the calculations will produce a 

 

Figure 1 shows that at a discount rate of 6% or higher, project B would be 

d be the choice. Thus, 6% is the 

crossover point. The figure also shows the slope of the net present value at different 

discount rates for each project. This is an indicator of the sensitivity of the project.  

en occurs when projects have 

different lives. The IRR is especially appealing when projects or sets of projects from 

different government departments are compared. Here it is possible that each department 
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calculated a different discount rate, so a comparison by net present value alone would be 

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 still a significant 

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 Application” 

(2002). The authors point out that large projects managed by the government often incur 

significant cost overruns. In 1994, Congress cancelled the Department of Energy’s 

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 was 88%. The authors 

suggest that there are four main reasons for overruns like these. The first is that cost 

estimates are often made in an environment of advocacy, with pressure to produce low 

estimates. The second is that cost estimates do not consider uncertainties. The third is that 

uncertainties are accounted for by adding contingencies, but these rarely cover 

extraordinary events. The final reason is that attempts to incorporate uncertainties using 

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 the cost of 

large projects. They identified twenty-two cost experts from various organizations, and 

they identified a project where an agency would purchase an existing facility verses 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 there was a z% chance 

that the true value was below fz and a 100-z% chance that it was above that level. They 

used the results to derive a Weibull distribution for each cost estimate. They then held a 

second meeting where they presented each expert with the individual and average results 

and then encouraged each expert to revise their estimates. Finally, a Monte Carlo 

simulation was used to determine the total cost probability distribution averages across 

the participants (Dillon, John, and von Winterfeldt 2002). 

What was not reported in the article was what, if any, calibration of the experts 

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 below, the range of 

estimates on the total life cycle cost from the set of experts is shown. Each curve on the 

graph represents a different expert with the dark line being the aggregate of the individual 

estimates. The disagreement of the experts is apparent by the number of lines that do not 

overlap and the range is significant (Dillon, John, and von Winterfeldt 2002). 



Figure 2: Cumulative Probability of 

Even with a second meeting and the feedback given there are still a significant 

number of the expert estimates that do not overlap. Th

when considering that this is an existing facility. Figure 3, below, represents the cost of 

construction and operation of a new facility.

Figure 3: Cumulative Probability of Total Life Cycle Cost to Build s 

This paper shows the extreme difficulty in developing accurate cost. Using expert 

elicitations to develop a set of costs is a good idea; although I believe a better way to 

aggregate the experts exists. However, it is clear that not every project will be able to 
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Cumulative Probability of Total Life Cycle Cost to Purchase a Facility
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have a set of twenty-two experts estimate the cost, and benefits are far harder to estimate 

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 benefit process 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 knowledge does not 

permit the specification of cost or benefits. The suggestion made by the author is not to 

reject cost benefit analysis, but to offer ranges as a way to deal with uncertainty. 

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 well as quantitative 

descriptions of the consequences.  Cost benefit analysis seems to treat human life 

cavalierly, since it places a monetary value on statistical risk. Any government is required 

to assign some non-infinite value to statistical risk. The difficult task is to define that non-

infinite value. 

Cost benefit analysis appears to be undemocratic, in that it allows policy to be set 

by experts. In fact, it is an important tool for promoting democratic goals, because it 

ensures that the impact of policy will be placed before officials and the public at large. If 

public officials want to proceed even though the costs do not justify the benefits, they are 

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 uninformed, they are 

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 and the willingness 

to pay is as reliable as any, however, the government can depart from that number 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. Examples of this 

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 regulate the amount of 

arsenic in the drinking water, how are they to proceed if they do not compile information 

about the effects of their actions?   

It is clear that the literature indicates that cost benefit analysis is not perfect, but 

that it is 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 helpful input 

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 science, engineering, and 

research, is that it is the synthesis of opinions of experts on a subject where there is 

uncertainty due to insufficient data. Expert elicitation is, essentially, a scientific 

consensus methodology. The most common use of expert elicitation is in the study of rare 

events. Most recently expert elicitation has been applied to climate change, modeling 

seismic hazard and damage, and risk analysis for nuclear waste storage. Expert 

elicitation, however, tends to be multidisciplinary, as well as interdisciplinary 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 specially-

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 States 

Nuclear Regulatory Commission (NRC) (Budnitz et al. 1997). The following 



figure is a graphic representation of the NRC process for Technical Integrators 

and Technical Integrator & Facilitators. 

 The Technical Integrator

responsible for developing the composite results of the informed community, 

from open literature or through experts.

The Technical Facilitator Integrator (TFI) is a single entity, responsible for 

aggregating the judgments of a panel of experts to develop the composite 

distribution of the informed technical community. A single entity, in both cases, 
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figure is a graphic representation of the NRC process for Technical Integrators 

and Technical Integrator & Facilitators.  

Figure 4:  NRC Elicitation Process 

The Technical Integrator (TI) is defined as a single entity that is ultimately 

responsible for developing the composite results of the informed community, 

from open literature or through experts. 

The Technical Facilitator Integrator (TFI) is a single entity, responsible for 

aggregating the judgments of a panel of experts to develop the composite 

distribution of the informed technical community. A single entity, in both cases, 

figure is a graphic representation of the NRC process for Technical Integrators 
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responsible for developing the composite results of the informed community, 

The Technical Facilitator Integrator (TFI) is a single entity, responsible for 

aggregating the judgments of a panel of experts to develop the composite 

distribution of the informed technical community. A single entity, in both cases, 



may be an individual, team, or company. The key difference between the TI and 

TFI approaches is the facilitator role of the TFI. They are responsible for 

facilitating the discussions between the experts and the use of evaluator experts, 

who act as individual integrators 

elicitation process into three complexity degrees and four levels of study. The 

degrees of complexity and levels of study used in the NRC study are shown in 

Table 3 (Budnitz et al. 1997)

 In this study, the NRC defined the three issues as follows: Degree A issues 

are non controversial and/or have no significance to the seismic hazard results; 

Degree B issues are more controversial, complex and significant to the hazard 

result; and Degree C issues are highly contentious, complex and significant to the 

hazard results. The study levels shown are roughly in order of increasing 

resources and sophistication with the TI and TIF roles outlined. The TIF role does 
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team, or company. The key difference between the TI and 

TFI approaches is the facilitator role of the TFI. They are responsible for 

facilitating the discussions between the experts and the use of evaluator experts, 

who act as individual integrators (Budnitz et al. 1997).  This study classified the 

elicitation process into three complexity degrees and four levels of study. The 

degrees of complexity and levels of study used in the NRC study are shown in 

(Budnitz et al. 1997)

Table 3: NRC Degrees of Complexity 
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are non controversial and/or have no significance to the seismic hazard results; 

Degree B issues are more controversial, complex and significant to the hazard 

issues are highly contentious, complex and significant to the 

hazard results. The study levels shown are roughly in order of increasing 

resources and sophistication with the TI and TIF roles outlined. The TIF role does 

team, or company. The key difference between the TI and 

TFI approaches is the facilitator role of the TFI. They are responsible for 

facilitating the discussions between the experts and the use of evaluator experts, 

This study classified the 

elicitation process into three complexity degrees and four levels of study. The 

degrees of complexity and levels of study used in the NRC study are shown in 
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issues are highly contentious, complex and significant to the 

hazard results. The study levels shown are roughly in order of increasing 

resources and sophistication with the TI and TIF roles outlined. The TIF role does 
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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 the degree 

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 Elicitation for 

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. Electronic 

communication may be used as a last resort. This includes faxes, e-mails, and 

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 (Boring et al. 

2005). 

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

technical fields, the process has been redefined many times since the NRC flow 



chart was created. A consensus flow from the literature was constructed in 2005, 

by Unal et al, and illustrates a much simpler pro

Perhaps the views expressed by Mostaghimi et al, best s

that process, while important, is not the goal of the elicitation.  Information 

collection for expert-assisted decision making becomes a strategic 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 designs. If the 

focus is on the information collected and not on the collection process, then it 

does not matter what method is used to collect the data. Thus, no matter what 
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chart was created. A consensus flow from the literature was constructed in 2005, 

by Unal et al, and illustrates a much simpler process (Unal et al. 2005). 

Figure 5: Unal Process Flow 
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t matter what method is used to collect the data. Thus, no matter what 
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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.  

2. 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.  

3. 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 are numeric 
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 arrive at a 
decision.   

4. 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.   

5. 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 engineering, include 

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 Bruning 2008); 

and a multi-criteria evaluation for transportation project selection (Shang 2004). 

Of interest here is the increasing use of expert elicitation for non-

engineering uncertainties. Recent studies in the field of business include: a model 

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, 

questionable, or only indirectly applicable, for example, to make decisions on 

next year’s product line, experts may determine how to model the firm’s 

quantitative data and market potential. Decision makers may interpret multiple 

and differing sets of expert judgment to see which data, if any, best suites their 

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 of the stakeholders 
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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, neutrality, and 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 event A or on throwing a 6 on a fair die? 

Preference for betting on A 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 to divide 

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 implies 

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 event A and its occurrence probability, is asked the 

comparative occurrence probability of event B. Is the relative occurrence of event 

B, five or ten times more frequent than event A? 

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 (r). 

The m and r values can be used to compute the 5% and 95% confidence bounds 

as: 

Equation 10: Parametric Estimation 

%&.() �  *+,��&. -).�
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In which is the quintile value of the standard normal probability. The above 

procedure proposes that the expert’s elicitations are approximately lognormal; 

however, the idea may be applied to any class of distributions determined 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 distribution separately 

generating multiple output distributions, however, the number of combinations of experts 

and resulting outputs could easily become unwieldy. There are several aggregation 
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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 property is that 

a linear combination will preserve consensus. If there is a group of experts and each 

expert agrees that the probability of a variable is p, then in the combined distribution that 

variable will have the probability of  p.  

The Classical Method 
The classical method in expert elicitation refers to a process developed by Cooke 

at Delft University (2001). This is a performance-based linear pooling or weighted 

average model. The weights are derived from an expert’s calibration and information 

scores, as measures on seed variables. Seed variables serve a threefold function: 

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 calibration measurement 

and classical statistical hypothesis testing. The performance based weights use two 

quantitative measures of performance, calibration and information. Loosely defined, 

calibration measures the statistical likelihood that a set of experimental results 

corresponds, in a statistical sense, with the expert’s assessments. Information measures 

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 in 

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:  If Fi(x) denotes experts i’s probability 

distribution for an uncertain variable of interest (x) then the linear opinion pool 

that results from combining k experts is: 

 

Equation 11: Weighted Linear Combination 

Fc (x) = ∑ 2i Fi �x�56��  
 

Where the weight assigned to Fi(x) is wi and ∑ wi = 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 probability distributions.  

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 expert j provides the 5th, 50th, and 95th percentile for each seeding 

value then. The calibration component Cj in Cook’s weighting system is based on 

I (pj, qj), where pj 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 does find one 

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 experts will receive 

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 data and for 

interrupting the roles of probability distributions: classical, (or frequentist), and 

Bayesian.  Frequentist will consider parameters fixed and quantities unknown. 

The statistics from these parameters are calculated from sample data. If a normal 

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 probability of E, which is P (E) to a 

posterior probability of E, which is P (E|F). The words ‘prior’ and ‘posterior’ 

refer to the state of knowledge before and after learning that F has occurred 

(O'Hagan et al. 2006). The mathematical equation is shown below.  

Equation 12:  Bayes' Theorem 
 

P (E|F) = P (E) P (F|E) / P (F) 
 
O’Hagan applies Bayesian theory to expert judgment such that the decision maker must 

treat each experts distribution as an update to their existing distribution, the prior. In 

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 variables of interest and 

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 

   7�8� �  ∑ 26 56�9 76  
 

Where n is the number of experts, pi (8) represents the expert i’s probability distribution 

for the uncertain quantity 8 the weights wi sum to one, and p (8) 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 the only combination 

scheme that satisfies the marginalization property.  If in a vector of uncertain quantities, 

and the decision maker is interested in just one element, according to the 
marginalization property, the combined probability is the same whether one 
combines the marginal distributions or the joint distributions of 8 and then calculates 
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the marginal distribution of 8.  The weights wi represent the relative quality of the 

different experts, or sources of information. In the simplest case of equal weighting, the 

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

Equation 14: Equal Weighting 

7�8� �  ∑ 76 56�9 (8) 
 

It has already been noted above that this method typically produces results equal to or 

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 represented below. 

Equation 15: Logarithmic Opinion Pool 

7�8� � P Q 76�8�RS
5
6�9

 

 
 

Here k is a normalizing constant and the weights wi satisfy some restrictions to assure that 

p (8�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�8�, but subsequently learned some new 
information relevant to 8, they would have two choices. The first choice is to use the 
information first to update the individual probability distributions pi�8� and then 
combine them. The second is to use the information to update the combined p�8� 
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 

X � YZ �X� �  Q�7[6�
\

6�9
26  

Equation 17: Weighted Harmonic Average 

X � Y09�X� �  1
∑ 267[6

\6�9
 

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 conform to reality, is 

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 assessments was 

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 gamesmanship (Brier 

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 is less common 

today they are still used for comparing the performance of experts within studies 

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 use of Cooke’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 subject’s 

belief. The three heuristics most commonly discussed are availability, anchoring, 

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 discussed 

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 an 

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 to 

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.   They are made 

according to the ease with which similar examples are called to mind.  

 Biases are generally defined as skewing. In the sciences, there are two 

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 cognitive. The 

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 joint elicitation, 

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 proposed by Meyer 

(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 
4. Monitor the elicitation for the occurrence of bias. 
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 analysis attempts to 

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 different alternatives, 

it is not a method that will provide an answer for the hypotheses in this project and will 

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 knowledgeable 

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 entire spectrum of 

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 greater 

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

use of the Delphi method today is for business applications and academia (Dyar 2006; 

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

Skulmoski et al (Skulmoski, Hartman, and Krahn 2007). It is also attractive for a wide 

variety of research, including IS prototyping, and technology management. It is a flexible 

iterative process to collect anonymous judgments. The Delphi method is a well-suited 

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 

questions. 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  



The adoption of technology and the use of the Delphi method for business 

applications have produced a number of modifications to the process over time 

2006; Hartman and Baldwin 1995; Skulmoski, Hartman, and Krahn 2007)

consensus process found in the literature today has six steps:

1. Develop the Delphi survey instrument. 
2. Select experts who have substantial involvement or experience in the 

investigation area.
3. Contact the selected experts via survey instruments or other appropriate media.
4. Compute the average rate and range of the responses.
5. Repeat step 3, to provide consensus if that is a goal.
6. Analyze the average rate and range of the revised responses.

 
Skulmoski et al. (2007) graphically present this process for a three round elicitation 

(Figure 6). 
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The adoption of technology and the use of the Delphi method for business 

applications have produced a number of modifications to the process over time 

2006; Hartman and Baldwin 1995; Skulmoski, Hartman, and Krahn 2007)

consensus process found in the literature today has six steps: 

Develop the Delphi survey instrument.  
Select experts who have substantial involvement or experience in the 
investigation area. 

ct the selected experts via survey instruments or other appropriate media.
Compute the average rate and range of the responses. 
Repeat step 3, to provide consensus if that is a goal. 
Analyze the average rate and range of the revised responses. 

t al. (2007) graphically present this process for a three round elicitation 

 

The adoption of technology and the use of the Delphi method for business 

applications have produced a number of modifications to the process over time (Chang 

2006; Hartman and Baldwin 1995; Skulmoski, Hartman, and Krahn 2007). The 

Select experts who have substantial involvement or experience in the 

ct the selected experts via survey instruments or other appropriate media. 

t al. (2007) graphically present this process for a three round elicitation 



In the modified Delphi method

guidelines for the number of p

While there are no hard rules for the number of participants

be considered. Size can range from ten to fifteen for a homogeneous group

heterogeneous group would r

require sample size in the hundreds. 

The number of rounds is a variable dependent on the purpose of the research. If 

consensus is required, two or three is usually sufficient for a homogeneous group, 

however, fewer may be sufficient to simply uncover the desired information. The mode 

of interaction has moved from paper and pen to electronic and this affords advantages to 

the researcher and participant, the most significant being the expediency of 

communication. 

Analytical Network Process
Another tool used to evaluate expert elicitation is the analytical network process. 

The analytical hierarchy process is a follow up to the analytical network process, both of 

 
 

52 
 

Figure 6: A three round Delphi Process 

In the modified Delphi method for academia, Skulmoski et al (2007

guidelines for the number of participants, number of rounds, and mode of interaction. 

While there are no hard rules for the number of participants, a number of factors have to 

be considered. Size can range from ten to fifteen for a homogeneous group

heterogeneous group would require a much larger sample. International groups may 

require sample size in the hundreds.  

The number of rounds is a variable dependent on the purpose of the research. If 

two or three is usually sufficient for a homogeneous group, 

however, fewer may be sufficient to simply uncover the desired information. The mode 

of interaction has moved from paper and pen to electronic and this affords advantages to 

the researcher and participant, the most significant being the expediency of 

Analytical Network Process 
Another tool used to evaluate expert elicitation is the analytical network process. 

The analytical hierarchy process is a follow up to the analytical network process, both of 

 

2007) add 

articipants, number of rounds, and mode of interaction. 

a number of factors have to 

be considered. Size can range from ten to fifteen for a homogeneous group, while a 

equire a much larger sample. International groups may 

The number of rounds is a variable dependent on the purpose of the research. If 

two or three is usually sufficient for a homogeneous group, 

however, fewer may be sufficient to simply uncover the desired information. The mode 

of interaction has moved from paper and pen to electronic and this affords advantages to 

the researcher and participant, the most significant being the expediency of 

Another tool used to evaluate expert elicitation is the analytical network process. 

The analytical hierarchy process is a follow up to the analytical network process, both of 
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which were developed by Thomas L. Saaty (2006). It is widely used for multicriteria 

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 carried out in two 

phases: first, the design phase, where a hierarchy is set up and second, the evaluation 

phase, which comprises making paired comparisons (Sheppard and Cartwright 2001).  

A review of the literature finds that the analytical hierarchy process appears to be 

well suited to business processes. Applications include research and development project 

selection, (Sun et al. 2008), software selection (Mulebeke and Zheng 2006),  

transportation projects (Shang 2004),  and strategic planning (Raisinghani, Meade, and 

Schkade 2007).  

One issue with the analytical network process is the complexity of constructing 

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 expert’s evaluations, 

and easily quantifies expert judgments. One disadvantage is that the problem must be 

formulated in a well-structured hierarchy. Even Saaty acknowledges this shortcoming in 

his text, and concludes that many problems cannot be structured hierarchically, because 

they involve the interaction of higher-level elements on lower-level elements (Saaty 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. Feedback cycles and complex 

pathways are difficulty to implement in a hierarchy. A single level structured 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 Saaty method 

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)  

 
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 set of probabilities the 

expert assesses pair wise relative probabilities. Saaty (2006) proposes that each 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 of the literature on 
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eliciting preferences, rather than probabilities, by pair wise comparison. The use of verbal 

descriptions suggests it may be of limited value in the practical elicitation of probability 

distributions. 

Performance Outcomes 
 

Most of the literature about performance measures in the public appears between 

the years of 1996 and 2002 and is limited to journals like the Public 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 agencies until 1997. The 

act requires that every federal department and agency will develop five-year strategic 

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 the development 

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 and Performance 

Act of 1993.  This act requires strategic planning and performance reporting by agencies 

throughout the federal government.  Many state governments have implemented similar 

processes for state- wide strategic planning. By 1998, either through legislation or 

administrative policy, forty-seven of the fifty states used some sort of results-based 

budgeting and required agencies to report performance measures. There is no formal 
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mandate, however, for city and county governments to use performance measurement 

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 the 1960s and 

1970s, such as Planning Programming Budgeting System and Zero Base Budgeting, 

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 short term analysis 

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 Results Act of 

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 System. (Artley and 
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 as justification 

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 Assessment Rating Tool 



(PART) as a chapter in the budget process. Including PART in the budget process created 

a link between reporting performance measures and using them in the budget process. A 

timeline for the development of PART is illustrated in Figure 8 

and Budget 2004). 

 One reason that PART was included in the federal budget process, was that the 

Government Performance and Results Act of 1993 was not achieving the results that the 

authors had envisioned. A review of the impact of p

2003 was included in the instructions and is shown in Figure 9, below. 

 
 

57 
 

(PART) as a chapter in the budget process. Including PART in the budget process created 

a link between reporting performance measures and using them in the budget process. A 

e development of PART is illustrated in Figure 8 (Office of Management 

Figure 8: Timeline or PART Development 

One reason that PART was included in the federal budget process, was that the 

Government Performance and Results Act of 1993 was not achieving the results that the 

authors had envisioned. A review of the impact of performance measures 

2003 was included in the instructions and is shown in Figure 9, below.  
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a link between reporting performance measures and using them in the budget process. A 

(Office of Management 

 

 

One reason that PART was included in the federal budget process, was that the 

Government Performance and Results Act of 1993 was not achieving the results that the 

erformance measures calculated in 



 

Only 6% of the agencies reviewed were deemed effective and 50% showed no 

demonstrable results. The instruction found that a

performance measures that were meaningless, vague, too numerous, and often

by people who had no direct connection with budget decisions.

produced over 13,000 pages of performance plans that were 

process. OMB gives several reasons for the poor results, the first being inconsistency in 

application across the agencies. The second reason given is the inherent difficulty in 

defining performance measures.

performance measures is very

but such measures are often not practical to collect or use on an annual basis. 

Today the linkage between performance measures and the budget process has 

been expanded to capital planning by guidelines for the use of performance

management systems for major acquisition programs, issued by

Management and Budgeting 

acquisition and management of capital assets 2007)

operational in 2007 when OMB updated Circular A
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Figure 9: Ratings of Federal Agencies in 2003 

Only 6% of the agencies reviewed were deemed effective and 50% showed no 

demonstrable results. The instruction found that agency plans were plagued by 

performance measures that were meaningless, vague, too numerous, and often

by people who had no direct connection with budget decisions. In 2000, agencies 

000 pages of performance plans that were largely ignored in the budget 

OMB gives several reasons for the poor results, the first being inconsistency in 

application across the agencies. The second reason given is the inherent difficulty in 

ing performance measures. The instruction concludes that developing good 

performance measures is very difficult and that it is preferable to have outcome measures, 

but such measures are often not practical to collect or use on an annual basis. 
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management of capital assets (Office of Management and Budget Program assessment 

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 by the Center for 

Society, Law and Justice at Texas State University (2008). Here, three types of 

performance measures are defined; 

1. Output measures: Any product of a project activity. Output measurers are usually 
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 agencies efficiency 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, who looks at 

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 assemble data, but 
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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 Information Systems 

Institute (IJIS). 

NIEM 2.0 is designed to develop, disseminate, and support enterprise-wide 

information exchange standards and processes that can enable jurisdictions to effectively 

share critical information in emergency situations. It also supports the day-to-day 

operations of agencies. The NIEM 2.0 methodology results in a semantic understanding 

among participating organizations and data that is formatted in a semantically consistent 

manner. NIEM 2.0 is a critical factor in the success if the fusion center structure. A 

fusion center is a combined effort of law enforcement, public safety, and private entities. 

It is a collaborative effort of two or more agencies that provide resources, expertise, and 

information to the center, with the goal of maximizing their abilities to respond to 

criminal and terrorist activity. Information is integrated, evaluated, analyzed, and 

disseminated through the fusion center. Data fusion in the center involves the exchange 

of data from many different sources. To date, nearly all 50 states and several major urban 

areas have created fusion centers (Global 2005). This is one of the reasons wide adoption 

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 enforcement 

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 information sharing 

and combating terrorism. It is part of the President’s National Security Strategy, the 

National Strategy for Combating Terrorism, and the National Strategy for Homeland 

Security, and also supports the National Implementation Plan. (Department of Homeland 

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 Management 

Office 2007). NIEM 2.0 is not just valuable at the federal level. Enhancing information 

exchange at the local level will also greatly improve the abilities of local authorities. 

Courts, for example, have widely adopted sophisticated case‐management systems that 

meet their day‐to‐day internal operational needs, but they often do not routinely share 

information electronically with other agencies throughout the justice enterprise. 

Similarly, law enforcement has adopted computer‐aided dispatch solutions, mobile 

field‐reporting technologies, and records‐management and crime‐analysis systems that 

meet their internal operational needs, but these systems are often unable to exchange 

information. In addition, many neighboring law enforcement systems cannot exchange 

information with each other. The result is a series of information system silos that meet 

the operational needs of individual organizations, but are not positioned to effectively 

share critical data with others in support of day‐to‐day 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 



structure of the component by all domains is needed. In NIEM

such as a person, represents a composite of the attributes that describe them. This would 

include attributes such as age, sex, race, physical characteristics, et cetera. 

can extend universal components 

person may have different attributes within each domain. NIEM 

attributes to be combined.

 In NIEM 2.0, a domain refers to the business entity reflecting the agencies, units 

of government, operational facilities, or information systems, which are organized to 

meet common objectives. One such domain in NIEM

includes agencies whose functions relate to the reporting and investigation of crime, 

apprehension, prosecution, and adjudication of those charged with criminal offenses, as 

well as the confinement and supervision of those convicted. Figure 1

relationship between NIEM
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structure of the component by all domains is needed. In NIEM 2.0, a data component, 

such as a person, represents a composite of the attributes that describe them. This would 

include attributes such as age, sex, race, physical characteristics, et cetera. 

components for its own use, and a universal component such as a 

person may have different attributes within each domain. NIEM 2.0 will allow these 

attributes to be combined. 

Figure 10: NIEM 2.0 Component Reuse 

, a domain refers to the business entity reflecting the agencies, units 

of government, operational facilities, or information systems, which are organized to 

meet common objectives. One such domain in NIEM 2.0 is justice. The j

includes agencies whose functions relate to the reporting and investigation of crime, 

apprehension, prosecution, and adjudication of those charged with criminal offenses, as 

well as the confinement and supervision of those convicted. Figure 11 shows the 

relationship between NIEM 2.0 Core and NIEM 2.0 Domains. 
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of government, operational facilities, or information systems, which are organized to 

is justice. The justice domain 

includes agencies whose functions relate to the reporting and investigation of crime, 

apprehension, prosecution, and adjudication of those charged with criminal offenses, as 
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exchange with the information exchange package (IEP). Information that is exchanged 

between participating domains is organized in the form of XML schemas. Additional 

information regarding the specific exchange is do

exchange package documentation (IEPD), which also contains data describing the 

structure, content, and other artifacts of the exchange. The relationship between the IEP 

and IEPD in a NIEM 2.0 
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Figure 11: NIEM 2.0 Core and Domains 

Communities of interest are groups of users who exchange information in pursuit 

of shared goals, interests, missions, or business processes. NIEM 2.0 enables this 

exchange with the information exchange package (IEP). Information that is exchanged 

between participating domains is organized in the form of XML schemas. Additional 

information regarding the specific exchange is documented in the form of information 

exchange package documentation (IEPD), which also contains data describing the 

structure, content, and other artifacts of the exchange. The relationship between the IEP 

 transmission is shown in Figure 12. 

 

Communities of interest are groups of users who exchange information in pursuit 

usiness processes. NIEM 2.0 enables this 

exchange with the information exchange package (IEP). Information that is exchanged 

between participating domains is organized in the form of XML schemas. Additional 

cumented in the form of information 

exchange package documentation (IEPD), which also contains data describing the 

structure, content, and other artifacts of the exchange. The relationship between the IEP 



 The Department of Justice has defined its six major objectives for the 

development and support of NIEM 2.0 

1. Preventing terrorist attack.
2. Responding to disaster.
3. Fighting crime and administering justice.
4. Cutting the cost to share information.
5. Increasing the accuracy and speed of information.
6. Reducing administrative burden.

 
The advantages of information sharing are obvious, but are these advantages enough to 

motivate local agencies to incur the cost of installing and maintaining NIEM 2.0?  To 

answer that question, we need to evaluate these obje

of the local agency, rather than those of the federal government.

 

 

 
 

64 
 

Figure 12: NIEM 2.0 IEP/IEPD Relationship   

The Department of Justice has defined its six major objectives for the 

development and support of NIEM 2.0 (Bureau 2007). They are as follows:  

Preventing terrorist attack. 
Responding to disaster. 
Fighting crime and administering justice. 
Cutting the cost to share information. 
Increasing the accuracy and speed of information. 

educing administrative burden. 

The advantages of information sharing are obvious, but are these advantages enough to 

motivate local agencies to incur the cost of installing and maintaining NIEM 2.0?  To 

answer that question, we need to evaluate these objectives against the outcome measurers 

of the local agency, rather than those of the federal government. 
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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 of 

successful performance outcomes is a viable decision making tool in the public sector. 

Currently, the decision making tool is cost benefit analysis. Cost benefit analysis uses the 

time value of money and measures the cost and benefits of projects. If the value of the 

benefits exceeds the costs, then the project is acceptable under this decision analysis. If 

the costs exceed the benefits, then the project is rejected. 

 Performance outcomes are one of three performance measures described by the 

Office of Management and Budget, in their program assessment rating tool (Office 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 measures, outcome 

measures, and efficiency measures (Center for Society Law & Justice and 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 benefit analysis. 

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 the primary focus 

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 use all of them in the 



 
 

66 
 

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 strategic goals 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 Any product of a project 
activity.   Usually 
indicators of the volume 
of work or the 
consequences of a 
program or project 
(number of traffic stops, 
number of officers 
attending training) 

          

Operational Yes 

Cost 

Benefit Net Present 
value 

            

            

Outcomes What the project makes 
happen rather than what 
it does. Measures that 
indicate the effect of the 
project. (Reduction in 
highway deaths, 
improved conviction 
rates, reduction in officer 
injured etc. ) 

          

Strategic No Impact Probability of 
Success 

            

            

Efficiencies 

 Changes in the agencies' 
efficiency in its use of 
resources (cost, time, 
personnel) 

Operational Yes 

Cost 

Benefit Net Present 
value 

            

 

 Outcomes that are relevant to strategic goals need to be defined. These include 

measures that are feasible, unambiguous, and linked to a project. A secondary goal of this 

project is to determine if the outcomes set by an entity that develops technology, match 

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 decision making 
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process?  Once again, it is intended that these findings will be applicable to the private 

sector. Often in the private sector, headquarter functions define programs intended to 

meet their goals. The operating units that have to install and support these programs do 

not always have the same objectives and are not inclined to utilize their best resources to 

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 outcome it is 

necessary to evaluate the impact of other events. This step is often not performed in ROI 

of cost benefit analysis. The most common conditions here are changes in the economy, 

technology or market. For the performance evaluation, these and other factors may have a 

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 maker. 

The first hypothesis is that ranking the probability of successful outcomes for 

performance outcomes of technology projects will provide a decision-making tool for 

public agencies. The null hypothesis is that the ranking of the probability of successful 

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 calculate the 

probability of successful performance outcomes. The null hypothesis is that expert 



 
 

68 
 

elicitation is not a process suited for the probability calculation of successful performance 

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 hypothesis is 

that performance outcomes of an entity developing technology will be the same for an 

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 Outcomes 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 data will also have to be 
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collected for the same performance outcomes under different conditions. Data will also 

have to be collected on the strategic values of the case study and data will be needed to 

show if there is a difference in the strategic outcomes between the developing entity and 

the implementing entity. The sources for this data are shown in the data requirements 

matrix presented in Figure 14.  The elicitation used for the NIEM case study is described 

in detail in chapter 4. 
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Probability 
of Outcomes 

Conditional 
Probability of 
Outcomes 

Importance 
Ranking of 
Outcomes 

NIEM 
Case 
Study 

The ranking the probability of 
successful outcomes for 
performance outcomes will 
provide a decision making tool for 
public agencies.   

1H0 X   X 
    

The ranking of the probability of 
successful outcomes will provide 
no value to the decision making 
process for public agencies 

    
1H1 X   X 

    

Performance  outcomes have 
conditional dependencies 

    
2H0 X X  X 

    
The alternative is that 
performance outcomes are 
independent of external factors. 

    
2H1 X X  X 

    
Expert elicitation is a valid 
process to rank performance 
outcomes.   

    
3H0 X X  X 

    
The alternative is that expert 
elicitation is not a process suited 
for the evaluation of performance 
outcomes. 

    
3H1 X X  X 

    

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

    
4H0   X X 

    

The alternative is that a different 
set of outcome measures will be 
needed for operational entities to 
evaluate.  

    
4H1   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: 

1. Identify strategic goals to use as performance outcomes 
2. Develop elicitation tool 
3. Identify the experts 
4. Perform the elicitation process 
5. Validate the experts 
6. Ranking the performance measures 
7. Analyze of the data 

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

authority match the strategic goals of a local authority? The strategic goals used in the 

study are a combination of central authority and local agency goals. The central authority 

goals are drawn from drawn from the published strategic goals of the Department of 

Justice for NIEM 2.0. The local law enforcement goals were taken from various state, 

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 of Justice’s 

goal to prevent terrorist attacks.  The value of sharing information up the chain to aid at 

the national level can be viewed differently than the value of sharing information down to 

the local level, and many jurisdictions have a very low risk of terrorist attack, while 

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 prevention at the local level. 

The ten strategic goals used in the study are listed below: 

Department of Justice goals for NIEM 2.0: 
1. Prevent terrorist attacks in the country. 
2. Prevent terrorist attacks in the local jurisdiction.  
3. Respond to disasters in my jurisdiction. 
4. Cut the cost of information sharing for my agency. 
5. Reduce crime in my jurisdiction.  
 
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 Justice are their 

strategic goals and are aimed at the macro level. Part of this study is to determine whether 

these macro goals translate to a similar level of importance at the local level or 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 where experts, in 

isolation from each other give their opinions to the technical integrator. Because the 

experts are government employees at various levels, anonymity was an important factor 

in elicitation opinions on the effectiveness of a large government program. The 

information required from the experts is not overly technical, but requires domain 

knowledge of both information exchange and law- enforcement strategic goals. Since 

these goals may differ between state and local agencies, consensus is not an objective of 

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 Institute (IJIS), 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. A ranking of the importance of the strategic goals to the local agency; 
4. An evaluation of the Global Justice XML Data Model ( GJXDM); 

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 probabilities, but 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 experts a 

greater freedom in responding in areas where exact probabilities would be very difficult. 

The elicitation was tested both within IJIS and externally and was reedited numerous 

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 openly criticize programs 

developed by the government. The reputation of IJIS in the field was critical to guarantee 

this anonymity. An initial set of forty experts was chosen and elicited to participate in the 

study. After one week, a second request was sent. A total of seventeen experts responded, 

with fifteen taking part in the study and two opting out. A second solicitation was sent to 

twenty newly-identified experts. Once an additional five had responded the elicitation 

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 responses. 

Justification for using the modified Delphi is provided by (Mostaghimi 2001). 

   Information collection for expert-assisted decision making becomes a strategic 

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 designs. If the focus 

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 decision will be the 

same. 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). 

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 knowledge of local 

law enforcement management issues and knowledge of the impact that the Global Justice 

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 IJIS from their contact information. 

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

enforcement administration. Experts included people currently associated with local, 

state, and federal law enforcement or from the private sector, all of whom have extensive 

experience with local law enforcement administration. An assessment of each expert’s 

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

Elicitation Process 
For this study I have chosen the Technological Integrator (TI) process defined by 

the NRC, which was previously mentioned in Chapter 2, and is shown in Figure 15. As 

shown in the figure below, the TI process includes a total of ten steps. The first three 

steps are the same for both the TI and the Technical Integrator & Facilitators, (TIF) 

process. The remaining seven steps are specific to the TI 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. For step two the 

study leader is the School of Engineering and Applied Science at The George 

Washington University and the Integrated Justice Information Systems Institute. The 
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study level defined in step three is a case study of the impact of the adoption of NIEM 2.0 

standards on local law enforcement agencies. 

Step four begins the TI-specific part of the process and the author of this paper 

served as the technical integrator. Selection of the peer reviewers, required in step five, 

was performed by IJIS. For step six the technical issues were developed using the 

Department of Justice NIEM 2.0 goals and local law enforcement strategic goals. Step 

seven, the collection of information was preformed by the elicitation tool managed by 

IJIS. Step eight, analysis of the data is performed by the author of this paper and is 

presented in Chapter 5, while the peer review is performed by the Department of Justice 

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

 
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 IJIS. Experts selected were known to the senior administration at IJIS 

and had extensive experience and knowledge of the issues facing local law enforcement 

agencies. One of the most important steps was to validate the experts’ knowledge of 

information-sharing tools and their impact on local law enforcement agencies. To 

validate the experts’ knowledge in GJXDM, a set of seven seed questions were included 

in the elicitation, (see Appendix C). Experts’ answers to these seed questions were 

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 IJIS, and included one 

question that was expected to produce a low result. The questions used are listed below: 

1. Improve the agency’s ability to use information. 
2. Improve the agency’s ability to solve crimes. 
3. Gain greater access to internal information. 
4. Gain greater access to external information. 
5. Provide better training at the agency. 
6. Provide better access to information. 
7. Reduce the cost of building information exchanges. 

 
A low score was projected for question five, since it is not directly related to information 

exchange. 

Validating the data in a normal distribution ensures the applicability of the central 

limit theory. This test is preformed using cumulative distributive function (CDF) graph. 

Additionally a probability plot will be made for each of the expert responses. This will 

also indicate a normal distribution with the responses plotted with 95% confidence levels. 
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The probability plot makes interrupting the distribution less intuitive, while the CDF 

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 evaluation an F-test 

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-tests are needed, and for 

the 20 experts in this study, 190 t-test comparisons would be required. In a t-test, two 

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 type I error), is 

increased (Montgomery 2005). A type I error occurs when a hypothesis is rejected when 

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

specific questions in the analysis of the probability shift between the unconditional and 

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

Equation 18: t - test statistic 

� �  ^9  � ^_ 
`var9n9 
  var_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 there are only two 

groups are being analyzed the F-test will produce the results that are equivalent to the t-

test. Where t is the Student's t statistic, F ratio = t2.   
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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 can only show 

that a difference exists, but cannot reveal where the difference lies. Two additional 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 expert’s response 

with the overall average or expected value.  

 The formula for an F-test in multiple-comparison ANOVA problems is F = 

(between-group variability) / (within-group variability). The F-test statistic is simply the 

ratio of two sample variances. The statistic for the F-test is shown in equation 19: 

Equation 19: F-test Statistic 

F = 
abc
acc 

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

pairwise differences between factor-level means. The family error rate is one of the 

outputs of the Tukey that is important to consider. When making multiple comparisons 

the chances of making a type I error for a series of comparisons is greater than the error 

rate for any one comparison alone. To counter this higher error rate, Tukey’s method 

adjusts the confidence level for each individual interval so that the resulting simultaneous 

confidence level is equal to the value specified. Turkey uses a wider confidence interval, 

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 factor level and the mean 
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of a control group. If an interval contains zero, then there is no significant difference 

between the two means under comparison. With the Dunnett analysis, a family error rate 

for all comparisons and Dunnett’s method determines the confidence levels for each 

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 outcome 

and secondly, by probability of success for each outcome. While all outcomes may not be 

achieved the ranking will give the decision maker a perspective on the importance of 

those that are achieved. By ranking the experts’ consensus of importance, the decision 

maker will have a baseline for their evaluation. A decision maker may have a different 

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 based on the size of 

the investment or the duration of the project. 

 No matter what the ranking, the decision maker will be able to see the probability 

of successful outcome for the performance outcomes most important to them. It is 

entirely possible that the ranking can be different for different decision makers in the 

process. This does not change the process, but indicates the flexibility of this form of 

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 technology to 

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 prioritized list.  The 

ranking of the unconditional probabilities will provide the worst-case scenario for the 

decision maker, while the conditional probabilities may be more realistic. The condition 

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 expected that 

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 determine what shift, if 

any, occurred. Equal weighting of the experts, validated from the seed data, will be used 

to produce the overall probability for each performance outcome.  

Data Collection Trace Matrix  
The data table collection trace matrix in figure 19 shows the relationship between 

the goals of the study, the elicitation and the software tools used for the evaluation.  
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  Performance 
Measures 

Seed Data Ranking Software 
Minitab/Excel/Onli

ne Survey 
  

      
Unconditional 
Probability of 
Outcomes 

          

X                 X  

 
Conditional 
Probability of 
Outcomes 

         
X                 X  

                  
Ranking 

         
             X                                     X  

                
GJXDM 
Validation 

           
            X               X  

 

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 or questions 

asked about the Global Justice Extended XML Data Model   (GJXDM). These seven 

questions were designed to validate the experts’ knowledge of metadata tagging tolls 

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 law-enforcement 

agencies. The third set of data contains the elicitation on the probability of successful 

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 agencies in the 

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 of experts is 

established the data will be updated.   The raw data contained in the appendices is as 

follows: 

Appendix A – Elicitation for Conditional and Unconditional Outcomes 
Appendix B – Elicitation for the ranking of Outcomes 
Appendix C – Elicitation Seed Questions 

Appendix D – Raw Data for Unconditional Adoption on NIEM 2.0 

Appendix E – Raw Rating Score for Unconditional Adoption on NIEM 2.0 
Appendix F – Descriptive Statistics for Raw Unconditional Data by Expert 

Appendix G – Descriptive Statistics for Raw Unconditional Data by Questions 
Appendix H – Raw Data for Conditional Adoption on NIEM 2.0 

Appendix I – Raw Rating Score for Conditional Adoption on NIEM 2.0 
Appendix J – Descriptive Statistics for Raw Conditional Data by Expert 

Appendix K – Descriptive Statistics for Raw Conditional Data by Question 

Appendix L – Raw Data for Performance Outcome Ranking 

Appendix M – Raw Rating Score for Performance Outcome Ranking 
Appendix N – Elicitation Seed Questions 

Appendix O – Raw Rating Score for GJXDM Seed Questions 
Appendix P – Descriptive Statistics for Raw Seed Data by Expert 
Appendix Q – Descriptive Statistics for Raw Seed Data by Question 



 
 

84 
 

Validating the Experts with Seed Data 
As stated, the elicitation produced four sets of data. The first is the seed data or 

questions asked about the Global Justice XML Data Model (GJXDM). These seven 

questions were designed to validate the experts’ knowledge of metadata tagging tolls 

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. 
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Figure 17: Probability Distribution of Seed Data Average 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.  
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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 shown in the 

figure below: 
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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 GJXDM, 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 has maintained a 

normal distribution with a p-value of 0.534. This is shown in the figure below: 
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Figure 20: Probability Plot of 18 Experts for Seed Data 

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 average. This is 
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done with an analysis of variance (ANOVA). An ANOVA analysis will show if all of the 

means are from the same population. This is indicated by the p-value; if the p-value is 

less than the alpha, one can conclude that at least one mean is different. The alpha is one 

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 different. Using the 

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 
Source   DF     SS    MS     F      P 
Factor   17  26748  1573  2.69  0.001 
Error   106  61954   584 
Total   123  88702 
 
S = 24.18   R-Sq = 30.15%   R-Sq(adj) = 18.95% 
 
                            Individual 95% CIs For Mean Based on 
                            Pooled StDev 
Level      N   Mean  StDev  -+---------+---------+---------+-------- 
Expert 1   7  39.29  24.40          (-----*-----) 
Expert 2   7  70.00  25.00                    (-----*-----) 
Expert 3   7  60.71  13.36                 (-----*-----) 
Expert 4   7  53.57  17.25               (-----*-----) 
Expert 5   7  60.00  27.23                 (-----*-----) 
Expert 6   7  52.86  25.31               (-----*-----) 
Expert 7   7  64.29  13.36                  (-----*-----) 
Expert 8   7  66.43  25.93                   (-----*-----) 
Expert 9   7  32.14  12.20        (-----*-----) 
Expert 10  7  46.43  22.49            (-----*------) 
Expert 12  6  66.67  20.41                   (-----*------) 
Expert 13  7  60.71  19.67                 (-----*-----) 
Expert 14  7  56.43  26.57                (-----*-----) 
Expert 15  7  57.86  36.84                (-----*-----) 
Expert 16  7  53.57  45.98               (-----*-----) 
Expert 17  7  16.43  10.69  (-----*------) 
Expert 19  7  80.71   9.76                        (-----*-----) 
Expert 20  6  69.17  27.28                    (-----*------) 
                            -+---------+---------+---------+-------- 
                             0        30        60        90 
 
Pooled 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 furthest from the 

average.  
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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 are plotted. The 

combined CDF’s of the remaining eighteen experts are presented below. 
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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 plot of experts 

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

100806040200

100

80

60

40

20

0

Data

P
e
rc
e
n
t

55.37 15.25 7

16.43 10.69 7

80.71 9.759 7

Mean StDev N

Average

Expert 17

Expert 19

Variable

Normal 

Empirical CDF Group Average with Experts 17 and 19

 
Figure 24:  CDF Group Average with Experts 17 and 19 
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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 performed 

with a Dunnett analysis. A Dunnett compares the mean of each expert to the mean of the 

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, while expert 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 
Source   DF     SS    MS     F      P 
Factor   18  26749  1486  2.63  0.001 
Error   112  63350   566 
Total   130  90099 
S = 23.78   R-Sq = 29.69%   R-Sq(adj) = 18.39% 
                                 Individual 95% CIs For Mean Based on 
                                 Pooled StDev 
Level           N   Mean  StDev  -+---------+---------+---------+-------- 
Expert 1        7  39.29  24.40            (------*------) 
Expert 2        7  70.00  25.00                        (------*------) 
Expert 3        7  60.71  13.36                    (------*------) 
Expert 4        7  53.57  17.25                 (------*-------) 
Expert 5        7  60.00  27.23                    (------*------) 
Expert 6        7  52.86  25.31                 (------*------) 
Expert 7        7  64.29  13.36                      (------*------) 
Expert 8        7  66.43  25.93                      (-------*------) 
Expert 9        7  32.14  12.20         (------*------) 
Expert 10       7  46.43  22.49              (-------*------) 
Expert 12       6  66.67  20.41                      (-------*------) 
Expert 13       7  60.71  19.67                    (------*------) 
Expert 14       7  56.43  26.57                  (-------*------) 
Expert 15       7  57.86  36.84                   (------*------) 
Expert 16       7  53.57  45.98                 (------*-------) 
Expert 17       7  16.43  10.69  (-------*------) 
Expert 19       7  80.71   9.76                            (------*------) 
Expert 20       6  69.17  27.28                       (-------*------) 
Avg 18 Experts  7  55.37  15.25                  (------*------) 
                                 -+---------+---------+---------+-------- 
                                  0        25        50        75 
Pooled StDev = 23.78 
 
Dunnett's comparisons with a control  
Family error rate = 0.05 
Individual error rate = 0.0041 
Critical value = 2.93 
Control = Avg 18 Experts 
Intervals for treatment mean minus control mean 
Level       Lower  Center  Upper  --+---------+---------+---------+------- 
Expert 1   -53.34  -16.08  21.18         (---------*----------) 
Expert 2   -22.63   14.63  51.89                  (---------*----------) 
Expert 3   -31.91    5.35  42.61               (----------*---------) 
Expert 4   -39.06   -1.80  35.47             (---------*----------) 
Expert 5   -32.63    4.63  41.89               (---------*----------) 
Expert 6   -39.77   -2.51  34.75             (---------*----------) 
Expert 7   -28.34    8.92  46.18                (----------*---------) 
Expert 8   -26.20   11.06  48.32                 (---------*----------) 
Expert 9   -60.49  -23.22  14.04       (---------*----------) 
Expert 10  -46.20   -8.94  28.32           (---------*----------) 
Expert 12  -27.48   11.30  50.08                (----------*----------) 
Expert 13  -31.91    5.35  42.61               (----------*---------) 
Expert 14  -36.20    1.06  38.32              (---------*----------) 
Expert 15  -34.77    2.49  39.75              (----------*---------) 
Expert 16  -39.06   -1.80  35.47             (---------*----------) 
Expert 17  -76.20  -38.94  -1.68  (----------*----------) 
Expert 19  -11.91   25.35  62.61                     (---------*----------) 
Expert 20  -24.98   13.80  52.58                 (----------*----------) 
                                  --+---------+---------+---------+------- 
                                  -70       -35         0        35 

Figure 25: ANOVA: Seed Data for 18 Experts with Dunnett 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 and expert 19 

is included in the evaluation, along with the remaining experts. 

For completeness the data of the final seventeen experts is shown below, first with 

a probability plot, then a boxplot, a CDF plot and an ANOVA analysis. 
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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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Figure 27: Boxplot of Seed Data for the Final 17 Experts 
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Figure 28: CDF of Seed Data for the Final 17 Experts 
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One-way ANOVA: on the Seed Data for the Final 17 Ex perts  
 
Source   DF     SS   MS     F      P 
Factor   16  15268  954  1.56  0.095 
Error   100  61268  613 
Total   116  76536 
 
S = 24.75   R-Sq = 19.95%   R-Sq(adj) = 7.14% 
                            Individual 95% CIs For Mean Based on 
                            Pooled StDev 
Level      N   Mean  StDev  -----+---------+---------+---------+---- 
Expert 1   7  39.29  24.40     (-------*------) 
Expert 2   7  70.00  25.00                  (------*------) 
Expert 3   7  60.71  13.36              (------*-------) 
Expert 4   7  53.57  17.25           (------*-------) 
Expert 5   7  60.00  27.23              (------*------) 
Expert 6   7  52.86  25.31           (------*-------) 
Expert 7   7  64.29  13.36               (-------*------) 
Expert 8   7  66.43  25.93                (-------*------) 
Expert 9   7  32.14  12.20  (-------*------) 
Expert 10  7  46.43  22.49        (-------*------) 
Expert 12  6  66.67  20.41                (-------*-------) 
Expert 13  7  60.71  19.67              (------*-------) 
Expert 14  7  56.43  26.57            (-------*------) 
Expert 15  7  57.86  36.84             (------*-------) 
Expert 16  7  53.57  45.98           (------*-------) 
Expert 19  7  80.71   9.76                      (------*-------) 
Expert 20  6  69.17  27.28                 (-------*-------) 
                            -----+---------+---------+---------+---- 
                                25        50        75       100 

Figure 29: ANOVA on the Seed Data for the Final 17 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 statistics from those 

presented in Appendix P and Q. The final descriptive statistics for the seed data, 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 range 
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is discussed further in Chapter 6 under areas for future study. The tables below list the 

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  5.47  

7 Prevent terrorist attacks in the country  5.35  

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  4.65  

 
One unexpected result was the low ranking of preventing terrorist attacks. This 

question was asked in two ways: preventing terrorist attacks in the country and 

preventing terrorist attacks in the local jurisdiction. As expected, preventing attacks 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 representing local 

jurisdictions and preventing terrorist attacks at the national level is the responsibility of 

the federal government?    However, there is no evidence in the study to support this idea.  

The low rankings of these national goals justifies is a justification of the decision 

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 significant amounts of funding 

from the federal government. In addition, this is the number one goal of the Department 

of Justice and Homeland Security. It is probable that local law-enforcement managers 
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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: reducing crime and 

responding to disasters. Goals three and four, increasing professionalism and improving 

internal communications, are more administrative goals. Is it possible that this mix 

reflects the choice of experts with both administrative and operational responsibilities?  

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 under areas 

for future study, but for the purposes of this study, we will use the rankings assigned by 

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 unconditional and 

conditional elicitations, as well as a combination of the data sets. 

Elicitation data was collected in five groups or buckets.  The central limit theorem 

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 range have an 

equal probability of being selected.  Therefore, a Monte Carlo application was used to 

assign specific probability to each expert’s response for the conditional and unconditional 

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 
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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 strategic goals by 

adopting NIEM 2.0 standards by themselves is not high.  Only two of the strategic goals 

have a probability of success greater than 50: increasing professionalism, and improving 

internal communications, with 63% and 53% respectively. Increasing professionalism is 

classified as internal administrative goal, while improving communications is an 

operational goal. The other administrative goals of cutting the cost, streamlining justice, 

improving public confidence and emerging law-enforcement issues received 46%, 46%, 

38%, and 45% respectively. As shown in the table, the operational goals all finished 

lower than most of the administrative goals, with reducing crime receiving 38%, 

responding to disasters 43%, and preventing terrorist attacks, both in my jurisdiction and 

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 Unconditional Adoption of NIEM 2.0 

     
Rank 

  Unconditional 
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 in my 

jurisdiction 
38% 

10 Address emerging law enforcement issues 45% 
  

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

Appendix V and W.  The responses to the conditional elicitation dramatically increased 

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

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

      
Rank 

  Conditional 
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 in my 
jurisdiction 

55% 

10 Address emerging law enforcement issues 66% 

 

With the condition that other local law-enforcement agencies adopt NIEM 2.0 

standards along with the local agency, the probability of success for all the strategic goals 
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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 movement of the 

mean. The two highest probabilities are for the administrative goals of streamlining 

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

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

responding to disasters now the third highest, with a 73% probability. The following table 

provides a visual look at the data showing the percent change between the two 

elicitations.  

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

    
Rank 

  Unconditional 
Probability 

Conditional 
Probability 

% 
Change 

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

2 Respond to disasters in my 
jurisdiction 

43% 73% 70% 

3 Improve internal 
communications at my agency 

53% 62% 17% 

4 Increase the professionalism of 
my agency 

63% 69% 10% 

5 Prevent terrorist attacks in my 
jurisdiction 

30% 51% 70% 

6 Cut the cost of information 
sharing  for my agency 

46% 76% 65% 

7 Prevent terrorist attacks in the 
country 

30% 52% 73% 

8 Streamline justice administration 
in my agency 

46% 79% 72% 

9 Improve public confidence in the 
justice system in my jurisdiction 

38% 55% 45% 

10 Address emerging law 
enforcement issues 

45% 66% 47% 
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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 statistically-significant 

difference in the means, a paired t-test must to be done for each question. Using Minitab, 

a paired t-test was preformed between the unconditional and conditional elicitations from 

the seventeen experts for each of the ten questions.  The t-test compares the mean for the 

unconditional date with the mean for the conditional data to verify if a shift has occurred. 

As was the case with the ANOVA analysis the p-value represents the confidence 

interval.  A p-value of 0.05 or higher indicates a 95% confidence interval that the null 

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 elicitation.  For 

question one, the probability, or confidence interval, that the means are from separate 

populations is greater than 99.7%.    

Paired T Unconditional/Conditional Preventing terrorist attacks in the country  
 
                       N    Mean  StDev  SE Mean 
Unconditional Ques.1  17   30.24  21.63     5.25 
Conditional Ques.1    17   51.71  29.09     7.05 
Difference            17  -21.47  25.63     6.22 
 
95% CI for mean difference: (-34.65, -8.29) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.45  P-Value = 0.003 

20100-10-20-30-40-50-60-70

X
_

Ho

Diffe rences

B ox plo t o f D iffe re nce s  - Pre v e nting  te rro ris t attack s  in the  country
Un co n d it io n a l/Co n d it io n a l (w ith  Ho  an d  95%  t-co n fiden ce in te rv a l fo r th e  mean ) 

 
Figure 30: Paired t-test and Boxplot for Question 1 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 to 

the ^ d .  To accept the null hypothesis the Ho would have to be on the ^ d  line. 

Paired T Unconditional/Conditional Preventing Terrorist attacks in my jurisdiction 
 
                       N    Mean  StDev  SE Mean 
Unconditional Ques.2  17   29.71  23.72     5.75 
Conditional Ques.2    17   50.65  23.09     5.60 
Difference            17  -20.94  24.17     5.86 
 
95% CI for mean difference: (-33.37, -8.51) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.57  P-Value = 0.003 

20100-10-20-30-40-50-60-70

X
_

Ho

Differences

B oxplo t o f D iffe re nce s  - Pre ve nting  te rro ris t attack s  in my juris diction
Unconditional/Cond itional (with  Ho  and  95%  t-con fidence in terval fo r the mean)

 
Figure 31: Paired t-test and Boxplot of Question 2 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 
Unconditional Ques.3  17   42.76  26.49     6.43 
Conditional Ques.3    17   73.00  24.96     6.05 
Difference            17  -30.24  19.44     4.72 
 
95% CI for mean difference: (-40.23, -20.24) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -6.41  P-Value = 0.000 
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U n c o n d it io n a l/Co n d it io n a l (w ith  H o  a n d  95%  t-c o n fide n c e  in te rv a l fo r th e  me a n )

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

Paired T Unconditional/Conditional – Streamline justice administration in my agency 
 
                       N    Mean  StDev  SE Mean 
Unconditional Ques.4  16   46.06  29.33     7.33 
Conditional Ques.4    16   79.13  23.12     5.78 
Difference            16  -33.06  27.97     6.99 
 
95% CI for mean difference: (-47.97, -18.16) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.73  P-Value = 0.000 

0-10-20-30-40-50-60-70-80-90

X
_

Ho

Differences

B oxplo t o f D iffe re nce s  - Stre amline  jus tice  administration
Unconditiona l/Conditiona l (w ith Ho and 95% t-confidence interval for the mean)

 
Figure 33: Paired t-test for Question 4 Streamline justice administration 
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Paired T Unconditional/Conditional – Cut the cost of information sharing  
 
                       N    Mean  StDev  SE Mean 
Unconditional Ques.5  17   46.47  23.14     5.61 
Conditional Ques.5    17   76.00  25.16     6.10 
Difference            17  -29.53  27.78     6.74 
 
95% CI for mean difference: (-43.81, -15.24) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -4.38  P-Value = 0.000 

0-25-50-75-100

X
_

Ho

Differences

B oxplot of D iffe re nce s  - Cut cos t of info rmattion sharing
Uncond itional/Cond itional (with  Ho and 95% t-confidence in terval fo r the mean)

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

Paired T Unconditional/Conditional Reduce crime in my jurisdiction 
 
                       N    Mean  StDev  SE Mean 
Unconditional Ques.6  17   38.00  21.46     5.20 
Conditional Ques.6    17   60.12  22.50     5.46 
Difference            17  -22.12  26.11     6.33 
 
95% CI for mean difference: (-35.54, -8.69) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.49  P-Value = 0.003 

0-20-40-60-80-100

X
_

Ho

Differences

B oxplot o f D iffe re nce s  - Re duce  crime  in my juris diction
Unconditional/Cond itional (with  Ho  and  95% t-confidence in terval for the mean)

 
Figure 39:  Paired t-test and Boxplot for Question 6 Reduce crime in my jurisdiction 
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Paired T Unconditional/Conditional Improve public confidence 
 
      N    Mean  StDev  SE Mean 
Unconditional Ques.7  16   37.69  22.66     5.67 
Conditional Ques.7    16   54.63  26.04     6.51 
Difference            16  -16.94  29.42     7.35 
 
95% CI for mean difference: (-32.61, -1.26) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.30  P-Value = 0.036 

50250-25-50-75

X
_

Ho

Differences

B oxplo t o f D iffe re nce s  - Improve  public  confide nce
Uncond itional/Cond itional (with  Ho  and  95%  t-confidence in terval fo r the mean )

 
Figure 35: Paired t-test and Boxplot for Question 7 Improve public confidence in the justice system  

Paired T Unconditional/Conditional Increase professionalism 
 
                       N   Mean  StDev  SE Mean 
Unconditional Ques.8  17  63.47  25.46     6.18 
Conditional Ques.8    17  68.76  21.99     5.33 
Difference            17  -5.29  19.61     4.76 
 
95% CI for mean difference: (-15.38, 4.79) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -1.11  P-Value = 0.282 

403020100-10-20-30-40

X
_

Ho

Differences

Boxplot of Diffe re nce s  - Incre ase  profe ss ionalism
Unconditional/Conditional (with Ho and 95% t-confidence interval for the mean)

 
Figure 36: Paired t-test and Boxplot for Question 8 Increase 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 
Conditional Ques.9    17  61.94  26.29     6.38 
Difference            17  -8.53  13.10     3.18 
 
95% CI for mean difference: (-15.27, -1.79) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -2.68  P-Value = 0.016 

100-10-20-30

X
_

Ho

Differences

B oxplo t o f D iffe re nce s  - Improve  inte rnal communications
Unconditional/Cond itional (with Ho and 95% t-con fidence in terval fo r the mean)

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

Paired T Unconditional/Conditional Address emerging law enforcement issues 
 
                        N    Mean  StDev  SE Mean 
Unconditional Ques.10  17   45.00  28.12     6.82 
Conditional Ques.10    17   66.12  22.99     5.58 
Difference             17  -21.12  26.29     6.38 
 
95% CI for mean difference: (-34.63, -7.60) 
T-Test of mean difference = 0 (vs not = 0): T-Value = -3.31  P-Value = 0.004 

40200-20-40-60

X
_

Ho

Differences

Boxplot of Diffe re nce s Address i e me rging law enforce me nt issue s
Unconditional/Conditional (with Ho and 95% t-confidence interval for the mean)

 
Figure 38: Paired t-test and Boxplot for Question 10 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 question eight is 

0.282.  With the test statistic confidence interval set at .95 this is well within range to 

accept the hypothesis.  This is also shown on the boxplot graphic for question number 

eight, with the Ho on the ^ d  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/Reject 
Ho 

Confidence 
Interval 

Prevent terrorist attacks in the 
country           

0.003 Reject 0.997 

Prevent terrorist attacks in my 
jurisdiction 

0.003 Reject 0.997 

Respond to disasters in my 
jurisdiction 

0.000                     Reject 0.999 

Streamline justice administration in 
my agency 

0.000                     Reject 0.999 

Cut the cost of information sharing  
for my agency 

0.000                     Reject 0.999 

Reduce crime in my jurisdiction 0.003                     Reject 0.997 

Improve public confidence in the 
justice system in my jurisdiction 

0.036                     Reject 0.964 

Increase the professionalism of my 
agency 

0.282                     Accept  0.718 

Improve internal communications at 
my agency 

0.016                   Reject 0.984 

Address emerging law enforcement 
issues 

0.004                     Reject 0.996 
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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 decision-
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 outcomes for 

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 investment in NIEM 

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 providing a decision maker 

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 efforts. This 

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 analysis for capital 

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 almost all 

performance outcomes.  

Interestingly, in this case study the strategic goal with the fourth highest 

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 ranked sixth in 

importance by the experts. If the decision were based on cost-benefit alone, the five most 

important performance factors may not even be a factor in the decision-making process.  

The hypothesis is concerned with providing valuable information for the decision 

maker, not with justifying NIEM 2.0. The study justified this by providing scenarios to 

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. 
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  Decision Tool Inputs 

  

Cost-Benefit Analysis 
Outputs & 

Efficiencies 
Short Term Objectives 

Long Term Strategic 

Goals 

Probability Elicitation Outcomes 

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 the impact that 

the selection of the correct assumptions can have on a cost-benefit analysis. Items such as 

inflation rate and other economic factors can drastically alter that analysis. 

Since NIEM 2.0 is an information-sharing tool, it is intuitive that having other 

local law-enforcement agencies also adopt the standards will improve its effectiveness. It 

is not surprising then that the two performance measures with an unconditional 

probability of success over 50% were internal to the organization. These were increasing 

the professionalism of the agency and improving internal communications. Adding the 

condition that neighboring law-enforcement agencies also adopt NIEM 2.0 had the least 

impact on the probability of these two performance outcomes. Increasing professionalism 

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 population 

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 hypothesis 

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 outcomes.   The eight 

remaining performance outcomes all had mean changes greater then 40%, with the 

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 operational 

objectives with the condition of NIEM 2.0 being adopted by other local agencies.  

Preventing terrorist attacks still had the lowest probability of success in this group, 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. 



Figure 

Another way to show the effect of conditional dependencies is to see if 

was universal.  Ranking the unconditional success probability for performance outcomes 

on a scale from one to ten

matching them to the same ranking for the conditional elicitation wil

outcomes were affected equally.

The following figure shows the change in position when the performance 

outcomes are ranked by probability of success.  
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Figure 40: Unconditional/Conditional Probability Comparisons 

Another way to show the effect of conditional dependencies is to see if 

was universal.  Ranking the unconditional success probability for performance outcomes 

on a scale from one to ten, with 10 being the most probable and one the lowest,

matching them to the same ranking for the conditional elicitation will show if all the 

tcomes were affected equally.   

The following figure shows the change in position when the performance 

outcomes are ranked by probability of success.  Four of the outcomes held their same 

three moved up and three moved down.  

Probability of Sucessful Outcomes

Unconditional Probability Conditional Probability

 

Another way to show the effect of conditional dependencies is to see if the impact 

was universal.  Ranking the unconditional success probability for performance outcomes 

, with 10 being the most probable and one the lowest, and then 

l show if all the 

The following figure shows the change in position when the performance 

Four of the outcomes held their same 



Figure 41

This analysis indicates 

success the relative changes were not equal across the set. 

conclusion that the performance outcomes do have

but the condition used did not have a universally consistent impact on all outcomes.

The evidence shows that the selection 

evaluating technology or knowledge management questions.  Without the condition used 

in this study, it is unlikely any decision maker would make any significant investment in 

NIEM 2.0.  However with the condition it has a much more compel

the decision maker will have to decide which conditions are most relevant to their 

situation and are the conditions realistic?

reject the hypothesis. 
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41: Performance Outcomes Ranked by Probability of Success 

This analysis indicates that nine of the ten outcomes increased their probability of 

success the relative changes were not equal across the set. This would lead to the 

conclusion that the performance outcomes do have independent conditional dependencies 

but the condition used did not have a universally consistent impact on all outcomes.

dence shows that the selection of the correct condition is material when 

evaluating technology or knowledge management questions.  Without the condition used 

in this study, it is unlikely any decision maker would make any significant investment in 

NIEM 2.0.  However with the condition it has a much more compelling case.  In this area 

the decision maker will have to decide which conditions are most relevant to their 

situation and are the conditions realistic?  Therefore there is insufficient evidence to 

Ranking by Probability of Success

Unconditional Probability Rank Conditional Probability Rank

 
 

nine of the ten outcomes increased their probability of 

This would lead to the 

conditional dependencies 

but the condition used did not have a universally consistent impact on all outcomes. 

is material when 

evaluating technology or knowledge management questions.  Without the condition used 

in this study, it is unlikely any decision maker would make any significant investment in 
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Therefore there is insufficient evidence to 
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Evaluation of the Third Hypothesis 
The third hypothesis in this study was that expert elicitation is a valid process to 

rank performance outcomes.  Dealing with performance outcomes or strategic goals can 

be exceptionally difficult since determining which goal is the most important is such 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 agencies helps 

achieve a better mix but most essential was the assurance of anonymity.   Using internal 

or external experts there is a danger that the political correct responses may be 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 terrorist attacks in my 

jurisdiction was ranked fifth in importance while, preventing terrorist attacks in the 

country was down to seventh. Giving the focus by federal, state, and local authorities and 

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 Department of 

Homeland Security.  This federal department is responsible for providing resources to 

local agencies to help achieve the goal.  If local officials were to openly report that, 

improving internal communications and increasing professionalism were more important 

to them then preventing terrorist attacks they may put this funding and future career 

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 preventing 

terrorist attacks in the country 53%, or nine of seventeen ranked it at five or less. Four of 

the seventeen or 24% ranked it three or less.   

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

this question from the seventeen experts.  
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Figure 42: Individual Value of Prevent Terrorist At tacks in the Country 
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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 fifth but case 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 of seventeen or 

29%.   
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Figure 44: Individual Value Plot of Prevent Terrorist Attacks in my Jurisdiction 
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Figure 45: Plot of the Rankings for the Outcome Preventing Terrorist Attacks in the Jurisdiction  

Here again the probability distribution of the seventeen experts is normal with a 

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 provide valuable 

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. Depending on the 

amount of resources required the decision maker could accept unconditional adoption 

especially if the two performance outcomes were important to them.  When ranked by the 

experts in the elicitation these two performance outcomes with unconditional probability 

of success were ranked third and fourth.  In many cases this could be justification enough 

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 especially difficult to 

quantify.  This is where identifying how important these performance outcomes are to the 

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 hypothesis, this performance 

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 even be a factor 

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 and operating 

the technology.   This is a common issue in both private as well as public entities.  

Technology commitments and entity wide knowledge management programs are often 

adopted at the senior level, while the cost of implementation and operation are incurred at 

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 2.0 but are 

these goals sufficient to have the local law enforcement agencies expend their resources 

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 by the Department 
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of Justice.  In fact in the top seven performance outcomes only two were defined by local 

agencies.  This is a clear indication that the performance measures of the Department of 

Justice are consistent with the performance measures of the local law enforcement 

agencies.   

Table 10: Ranking DOJ and Local Performance Outcomes 
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        4.65  

 
Assuming the Department of Justice did a good job in developing a tool to meet 

their performance outcomes the local law enforcement agencies should adopt them since 

they will also meet their goals but the hypothesis is not concerned with that.  The high 

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 where additional 

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 elicitation to account 

for this.  One thought is the background and responsibilities of the experts.  If the expert 

is an operational manager they may be inclined to rank those outcomes higher.  The 

converse is true for administrative managers.  Using most of the performance outcomes 

defined by the Department of Justice as the operational set and those defined by local law 

enforcement agencies as administrative. The only shift is that improving local 

communications is a local operational goal, while cutting the cost of information sharing 

is a Department of Justice administrative goal.  The following table shows the ranking 

split.   

Table 11: Ranking Operational and Administrative Outcomes 
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        5.94  

5 Prevent terrorist attacks in my jurisdiction        5.53  

7 Prevent terrorist attacks in the country        5.35  

   
 Administrative Outcomes  

4 Increase the professionalism of my agency        5.82  

6 Cut the cost of information sharing  for my agency        5.47  

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        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 identified.  They are 



experts three, four, nine, and ten.  The four experts who ranked the set of operational 

goals the highest can also be identified.  They are experts numbered six, twelve, fifteen, 

and twenty.   

There is nothing in the elicitation to match these experts to a

operational position other then their ranking of the importance of their respective set of 

performance outcomes. 

Figure 46: Experts Ranking by Operational and Administrative Performance Outcomes

If we then compare the conditional probability rankings of the administrative set 

of performance outcomes for experts three, four, nine, and ten and compare them to the 

elicitation average for the same administrative set we produce the following graph.
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experts three, four, nine, and ten.  The four experts who ranked the set of operational 

goals the highest can also be identified.  They are experts numbered six, twelve, fifteen, 

There is nothing in the elicitation to match these experts to an administrative or 

operational position other then their ranking of the importance of their respective set of 

: Experts Ranking by Operational and Administrative Performance Outcomes

compare the conditional probability rankings of the administrative set 

of performance outcomes for experts three, four, nine, and ten and compare them to the 

elicitation average for the same administrative set we produce the following graph.
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experts three, four, nine, and ten.  The four experts who ranked the set of operational 

goals the highest can also be identified.  They are experts numbered six, twelve, fifteen, 

n administrative or 

operational position other then their ranking of the importance of their respective set of 

 
: Experts Ranking by Operational and Administrative Performance Outcomes 

compare the conditional probability rankings of the administrative set 

of performance outcomes for experts three, four, nine, and ten and compare them to the 

elicitation average for the same administrative set we produce the following graph. 
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There is nothing to indicate that these four experts favored the administrative 

goals when evaluating the probability of successful outcomes.  Performing the same 

analysis on the four experts tha

results. Looking at the specifics for these four experts there is nothing to indicate that 
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Figure 47: Average Administrative Outcomes 

There is nothing to indicate that these four experts favored the administrative 

goals when evaluating the probability of successful outcomes.  Performing the same 

analysis on the four experts that ranked the operational goals higher produces similar 

results. Looking at the specifics for these four experts there is nothing to indicate that 

experts six, twelve, fifteen, or twenty were influenced in their probability assessments by 

o rank operational outcomes higher.   
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There is nothing to indicate that these four experts favored the administrative 

goals when evaluating the probability of successful outcomes.  Performing the same 
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experts six, twelve, fifteen, or twenty were influenced in their probability assessments by 
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Summarizing, there is not enough data collected in this study to analyze if there 

was a bias by administrative or operational experts.  It was not sus

be but a study researching this question could be helpful in adding creditability to this 

process. 

The Impact of Expanding NIEM 2.0 to agencies other then Law Enforcement

With the significant increase in the probabilities for succe

neighboring law enforcement agencies also adopt NIEM 2.0, questions arise what about 

other justice agencies?  Law enforcement is one of three parts of the justice system.  The 

other two are administration and correction, or as more comm

prisons.  Historically these three branches have operated with different information 

systems, and with a poor record of inter agency communication. 
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Figure 48: Average Operational Outcomes 

 
Summarizing, there is not enough data collected in this study to analyze if there 

was a bias by administrative or operational experts.  It was not suspected that there would 

be but a study researching this question could be helpful in adding creditability to this 

The Impact of Expanding NIEM 2.0 to agencies other then Law Enforcement
 

With the significant increase in the probabilities for successful outcomes when 

neighboring law enforcement agencies also adopt NIEM 2.0, questions arise what about 

other justice agencies?  Law enforcement is one of three parts of the justice system.  The 

other two are administration and correction, or as more commonly known courts and 

prisons.  Historically these three branches have operated with different information 

systems, and with a poor record of inter agency communication.  
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pected that there would 

be but a study researching this question could be helpful in adding creditability to this 
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Intuitively, it appears that NIEM 2.0 would be beneficial to all branches; making 

court records and prison records immediately available to law enforcement could add to 

the probability of each branch achieving successful outcomes.  Defined strategic goals for 

court and prison systems evaluated by experts in those fields would produce probability 

distributions for them to evaluate. Organizations can have different strategic goals, but 

evaluating the impact on achieving these goals would use the same process. 

A study utilizing mixed performance for law enforcement, prisons and courts with 

performance outcomes designed for each provide very significant results.  As shown here 

some performance outcomes that may not be considered in a cost benefit analysis could 

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 such as a state 

or county government, or in the case of many counties where a sheriff has responsibilities 

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 the federal level.  

However, the problem of quantifying strategic goals is as difficult in the private sector as 

it is in the public sector, if not greater.  In the private sector strategic goals or 

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 current market 

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.  Due to the 

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 term.  

In fact, due to discounting any monetary outcomes beyond seven years have little impact 

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 that a project will 

help meet these long term goals could be of great value to them.  Because private entities 

may not want to publicize their strategic goals the use of internal experts may be 

required. 

In addition the issues of central verses local goals are very important in the private 

sector.  Here there is a clear line between the strategic performance outcomes desired at 

the corporate level and the short term operational objectives of the operating units. 

Programs designed at the corporate level to meet their strategic goals often have 

operating units incurring cost with no benefit to their unit.  By their very nature strategic 

objectives at the corporate level may have a negative impact at the local operating level.  

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.   
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Appendix A – Elicitation for Conditional and Unconditional Outcomes 

  
Less than 
10%  

10%-
40%  

40%-
60%  

60%-
90%  

Greater than 
90%  

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 
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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 system in my jurisdiction 
 

 

 

Increase the professionalism of my agency 
 

 

 

Improve internal communications at my agency 
 

 

 

Address emerging law enforcement issues 
  

 
 

  
  

--

--

--

--

--

--

--

--

--

--
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Appendix C – Elicitation Seed Questions 
 

  
Less than 

10%  
10%-
40%  

40%-
60%  

60%-
90%  

Greater than 
90%  

Improve the agency's ability 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 public access to information 
     

Reduce the cost of building information 
exchanges      
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Appendix D – Raw Data for Unconditional Adoption on NIEM 2.0 
 
 

Less than 
10% 

10%-
40% 

40%-
60% 

60%-
90% 

Greater 
than 
90% 

Prevent terrorist attacks in the country 
5 9 5 1 0 

25% 45% 25% 5% 0% 

Prevent terrorist attacks in my 
jurisdiction 

4 11 3 2 0 

20% 55% 15% 10% 0% 

Respond to disasters in my 
jurisdiction 

3 7 6 4 0 

15% 35% 30% 20% 0% 

Streamline justice administration in 
my agency 

4 3 6 5 1 

21% 16% 32% 26% 5% 

Cut the cost of information sharing for 
my agency 

2 4 7 6 1 

10% 20% 35% 30% 5% 

Reduce crime in my jurisdiction 
4 5 8 3 0 

20% 25% 40% 15% 0% 

Improve public confidence in the 
justice system in my jurisdiction 

3 6 7 3 0 

16% 32% 37% 16% 0% 

Increase the professionalism of my 
agency 

1 4 2 11 2 

5% 20% 10% 55% 10% 

Improve internal communications at 
my agency 

3 1 7 8 1 

15% 5% 35% 40% 5% 

Address emerging law enforcement 
issues 

2 8 4 5 1 

10% 40% 20% 25% 5% 
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Appendix D - Unconditional responses for Question 1: 

 Prevent terrorist attacks in the country. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 D - Unconditional responses for Question 2:  

 Prevent terrorist attacks in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 D - Unconditional responses for Question 3:   

Respond to disasters in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 D - Unconditional responses for Question 4:   

Streamline justice administration in my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 D - Unconditional responses for Question 5:   

Cut the cost of information sharing for my agency. 

  

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

  

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 D - Unconditional responses for Question 6:   

Reduce crime in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 D - Unconditional responses for Question 7:  

 Improve public confidence in the justice system in my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 D - Unconditional responses for Question 8:  

 Increase the professionalism of my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 D - Unconditional responses for Question 9:  

 Improve internal communications at my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

  

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 D - Unconditional responses for Question 10:   

Address emerging law enforcement issues. 

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

 

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 E – Raw Rating Score for Unconditional Adoption on NIEM 
2.0 
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Appendix F – Descriptive Statistics for Raw Unconditional Data by 
Expert 

     
          Total                                                   Sum of 
Variable  Count    Mean   SE Mean     StDev  Variance  CoefVar   Squares 
U-Exp1       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-Exp10      10   45.00      6.24     19.72    388.89    43.82  23750.00 
U-Exp11      10   45.00      6.24     19.72    388.89    43.82  23750.00 
U-Exp12      10   62.50      6.68     18.90    357.14    30.24  33750.00 
U-Exp13      10   57.50      6.51     20.58    423.61    35.79  36875.00 
U-Exp14      10   51.50      9.66     30.56    933.61    59.33  34925.00 
U-Exp15      10   47.50      5.83     18.45    340.28    38.83  25625.00 
U-Exp16      10    52.0      11.5      36.5    1328.9    70.10   39000.0 
U-Exp17      10  5.0000  0.000000  0.000000  0.000000     0.00  250.0000 
U-Exp18      10   62.50      4.17     13.18    173.61    21.08  40625.00 
U-Exp19      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  Minimum      Q1  Median      Q3  Maximum     Range       IQR 
U-Exp1       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-Exp10     25.00   25.00   50.00   56.25    75.00     50.00     31.25 
U-Exp11     25.00   25.00   50.00   56.25    75.00     50.00     31.25 
U-Exp12     25.00   50.00   75.00   75.00    75.00     50.00     25.00 
U-Exp13     25.00   43.75   62.50   75.00    75.00     50.00     31.25 
U-Exp14     25.00   25.00   37.50   80.00    95.00     70.00     55.00 
U-Exp15     25.00   25.00   50.00   56.25    75.00     50.00     31.25 
U-Exp16       5.0    20.0    50.0    95.0     95.0      90.0      75.0 
U-Exp17    5.0000  5.0000  5.0000  5.0000   5.0000  0.000000  0.000000 
U-Exp18     50.00   50.00   62.50   75.00    75.00     25.00     25.00 
U-Exp19     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 Unconditional Data by 
Questions 

 
                                                        Sum of 
                                                                       Sum of 
Variable                N   Mean  SE Mean  StDev  Variance  CoefVar   Squares 
Unconditional Ques.1   20  28.75     4.40  19.66    386.51    68.38  23875.00 
Unconditional Ques.2   20  29.75     4.60  20.55    422.30    69.08  25725.00 
Unconditional Ques.3   20  39.50     5.32  23.78    565.53    60.20  41950.00 
Unconditional Ques.4   19  46.84     6.75  29.40    864.47    62.77  57250.00 
Unconditional Ques.5   20  49.00     5.54  24.79    614.74    50.60  59700.00 
Unconditional Ques.6   20  39.75     5.53  24.73    611.78    62.22  43225.00 
Unconditional Ques.7   19  38.95     5.24  22.83    521.05    58.61  38200.00 
Unconditional Ques.8   20  61.00     5.86  26.19    685.79    42.93  87450.00 
Unconditional Ques.9   20  54.25     5.93  26.52    703.36    48.89  72225.00 
Unconditional Ques.10  20  44.00     5.96  26.64    709.47    60.54  52200.00 
 
 
Variable               Minimum     Q1  Median     Q3  Maximum  Range 
Unconditional Ques.1      5.00  10.00   25.00  50.00    75.00  70.00 
Unconditional Ques.2      5.00  25.00   25.00  43.75    75.00  70.00 
Unconditional Ques.3      5.00  25.00   37.50  50.00    75.00  70.00 
Unconditional Ques.4      5.00  25.00   50.00  75.00    95.00  90.00 
Unconditional Ques.5      5.00  25.00   50.00  75.00    95.00  90.00 
Unconditional Ques.6      5.00  25.00   50.00  50.00    75.00  70.00 
Unconditional Ques.7      5.00  25.00   50.00  50.00    75.00  70.00 
Unconditional Ques.8      5.00  31.25   75.00  75.00    95.00  90.00 
Unconditional Ques.9      5.00  50.00   50.00  75.00    95.00  90.00 
Unconditional 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 NIEM 2.0 
  

Less than 
10% 

10%-
40% 

40%-
60% 

60%-
90% 

Greater 
than 90% 

Prevent terrorist attacks in the country 
2 4 6 7 1 

10% 20% 30% 35% 5% 

Prevent terrorist attacks in my 
jurisdiction 

0 6 6 7 1 

0% 30% 30% 35% 5% 

Respond to disasters in my jurisdiction 
1 0 5 8 6 

5% 0% 25% 40% 30% 

Streamline justice administration in my 
agency 

1 2 2 4 10 

5% 11% 11% 21% 53% 

Cut the cost of information sharing for 
my agency 

0 2 4 5 9 

0% 10% 20% 25% 45% 

Reduce crime in my jurisdiction 
0 4 5 9 2 

0% 20% 25% 45% 10% 

Improve public confidence in the justice 
system in my jurisdiction 

1 5 4 7 2 

5% 26% 21% 37% 11% 

Increase the professionalism of my 
agency 

0 2 7 7 4 

0% 10% 35% 35% 20% 

Improve internal communications at my 
agency 

0 4 4 8 4 

0% 20% 20% 40% 20% 

Address emerging law enforcement 
issues 

0 3 6 7 4 

0% 15% 30% 35% 20% 
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Appendix H - Conditional responses for Question 1:  

Prevent terrorist attacks in the country 

 

 

 

 

  

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 H - Conditional responses for Question 2:   

Prevent terrorist attacks in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 

 

 

 

 

 

  



 
 

152 
 

Appendix H - Conditional responses for Question 3:   

Respond to disasters in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

    

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 H - Conditional responses for Question 4:   

Streamline justice administration in my agency. 

       

Expert # 

Expert 

ID > than 10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 H - Conditional responses for Question 5:   

Cut the cost of information sharing for my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 H - Conditional responses for Question 6:   

Reduce crime in my jurisdiction. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

    

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 H - Conditional responses for Question 7:  

 Improve public confidence in the justice system in my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 H - Conditional responses for Question 8:  

 Increase the professionalism of my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 H - Conditional responses for Question 9:  

 Improve internal communications at my agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

  

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 H- Conditional responses for Question 10:   

Address emerging law enforcement issues. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 I – Raw Rating Score for Conditional Adoption on NIEM 2.0 
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Appendix J – Descriptive Statistics for Raw Conditional Data by Expert 
 

          Total                                              Sum of 
Variable  Count   Mean  SE Mean  StDev  Variance  CoefVar   Squares  Minimum 
C-Exp1       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-Exp10      10  72.50     9.17  28.99    840.28    39.98  60125.00    25.00 
C-Exp11      10  87.00     3.27  10.33    106.67    11.87  76650.00    75.00 
C-Exp12      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-Exp14      10  69.00     5.72  18.07    326.67    26.19  50550.00    50.00 
C-Exp15      10  55.00     6.24  19.72    388.89    35.86  33750.00    25.00 
C-Exp16      10  84.50     4.86  15.36    235.83    18.17  73525.00    50.00 
C-Exp17      10  40.50     7.36  23.27    541.39    57.45  21275.00     5.00 
C-Exp18      10  62.50     4.17  13.18    173.61    21.08  40625.00    50.00 
C-Exp19      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 
 
 
Variable     Q1  Median     Q3  Maximum  Range    IQR 
C-Exp1    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-Exp10   43.75   85.00  95.00    95.00  70.00  51.25 
C-Exp11   75.00   95.00  95.00    95.00  20.00  20.00 
C-Exp12   75.00   75.00  90.00    95.00  45.00  15.00 
C-Exp13   50.00   75.00  80.00    95.00  70.00  30.00 
C-Exp14   50.00   75.00  80.00    95.00  45.00  30.00 
C-Exp15   43.75   50.00  75.00    75.00  50.00  31.25 
C-Exp16   75.00   95.00  95.00    95.00  45.00  20.00 
C-Exp17   25.00   37.50  56.25    75.00  70.00  31.25 
C-Exp18   50.00   62.50  75.00    75.00  25.00  25.00 
C-Exp19   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 Conditional Data by 
Question 

 
                                                                 
 
                                                                      Sum of 
Variable              N   Mean  SE Mean  StDev  Variance  CoefVar    Squares 
Conditional 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 
Conditional 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 
Conditional 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 
Conditional 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 
Conditional Ques.9   20  64.00     5.54  24.79    614.74    38.74   93600.00 
Conditional Ques.10  20  64.00     5.24  23.43    548.95    36.61   92350.00 
 
 
Variable             Minimum     Q1  Median     Q3  Maximum  Range 
Conditional Ques.1      5.00  25.00   50.00  75.00    95.00  90.00 
Conditional Ques.2     25.00  25.00   50.00  75.00    95.00  70.00 
Conditional Ques.3      5.00  50.00   75.00  95.00    95.00  90.00 
Conditional Ques.4      5.00  50.00   95.00  95.00    95.00  90.00 
Conditional Ques.5     25.00  50.00   75.00  95.00    95.00  70.00 
Conditional Ques.6     25.00  50.00   75.00  75.00    95.00  70.00 
Conditional Ques.7      5.00  25.00   50.00  75.00    95.00  90.00 
Conditional Ques.8     25.00  50.00   75.00  75.00    95.00  70.00 
Conditional Ques.9     25.00  50.00   75.00  75.00    95.00  70.00 
Conditional 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 Ranking 
 
 
 

Least 
Important                   

1 2 3 4 5 6 7 8 9 10 

Prevent terrorist attacks 
in the country 

2 1 1 3 3 2 3 3 1 1 

10% 5% 5% 15% 15% 10% 15% 15% 5% 
5
% 

Prevent terrorist attacks 
in my jurisdiction 

1 3 1 0 4 3 2 3 2 1 

5% 15% 5% 0% 20% 15% 10% 15% 10% 
5
% 

Respond to disasters in 
my jurisdiction 

1 0 2 4 1 1 4 2 3 2 

5% 0% 10% 20% 5% 5% 20% 10% 15% 
10
% 

Streamline justice 
administration in my 

agency 

4 1 1 3 2 4 1 0 1 2 

21% 5% 5% 16% 11% 21% 5% 0% 5% 
11
% 

Cut the cost of 
information sharing for 

my agency 

2 2 1 3 1 3 3 0 2 3 

10% 10% 5% 15% 5% 15% 15% 0% 10% 
15
% 

Reduce crime in my 
jurisdiction 

2 1 2 2 1 1 4 2 2 3 

10% 5% 10% 10% 5% 5% 20% 10% 10% 
15
% 

Improve public 
confidence in the justice 
system in my jurisdiction 

1 3 1 1 6 2 2 0 3 0 

5% 16% 5% 5% 32% 11% 11% 0% 16% 
0
% 

Increase the 
professionalism of my 

agency 

1 4 3 3 0 0 1 3 2 3 

5% 20% 15% 15% 0% 0% 5% 15% 10% 
15
% 

Improve internal 
communications at my 

agency 

1 2 4 0 1 3 0 3 3 3 

5% 10% 20% 0% 5% 15% 0% 15% 15% 
15
% 

Address emerging law 
enforcement issues 

5 3 3 1 0 1 0 4 1 2 

25% 15% 15% 5% 0% 5% 0% 20% 5% 
10
% 
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Appendix L- Ranking responses for questions 1, 2, and 3. 
 

Expert 

# 

Expert 

ID 

Prevent terrorist attacks 

in the country 

Prevent terrorist 

attacks in my 

jurisdiction 

Respond to disasters 

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. 
 

     

Expert 

# 

Expert 

ID 

Streamline justice 

administration in my 

agency 

Cut the cost of 

information sharing  

for my agency 

Reduce crime in 

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. 
 

      

Expert 

# 

Expert 

ID 

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 

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 Outcome Ranking 
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Appendix N – Elicitation Seed Questions 
 

Less than 
10% 

10%-
40% 

40%-
60% 

60%-
90% 

Greater 
than 90% 

Improve the agency's 
ability use information 

1 1 4 12 2 
5% 5% 20% 60% 10% 

Improve the agency's 
ability to solve crimes 

1 4 8 5 2 
5% 20% 40% 25% 10% 

Gain greater access to 
internal information 

1 4 5 5 5 
5% 20% 25% 25% 25% 

Gain greater access to 
external information 

0 2 3 10 5 
0% 10% 15% 50% 25% 

Provide better training at 
the agency 

3 8 5 2 0 
17% 44% 28% 11% 0% 

Provide better public 
access to information 

2 7 6 4 1 
10% 35% 30% 20% 5% 

Reduce the cost of 
building information 

exchanges 

0 3 3 8 6 

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 # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

   

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 3: 

Gain greater access to internal information. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

 

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 4: 

Gain greater access to external information. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 5: 

Provide better training at the agency. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 
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Appendix N – Responses for seed Question 6: 

Provide better public access to information. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 7: 

Reduce the cost of building information exchanges. 

       

Expert # 

Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 60%-90% 

>than 

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 

   

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 O – Raw Rating Score for GJXDM Seed Questions 
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Appendix P – Descriptive Statistics for Raw Seed Data by Expert 
 
 
           Total                                                    Sum of 
Variable   Count    Mean   SE Mean     StDev  Variance  CoefVar    Squares 
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 
 
 
Variable   Minimum      Q1  Median  Maximum     Range       IQR  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 
 
 

 
 
 
 
 
  



 
 

178 
 

Appendix Q – Descriptive Statistics for Raw Seed Data by Question 
 
 

                                                               Sum of 
Variable   N  N*   Mean  SE Mean  StDev  Variance  CoefVar    Squares  Minimum 
Ques 1    20   0  66.00     4.89  21.86    477.89    33.12   96200.00     5.00 
Ques 2    20   0  53.50     5.49  24.55    602.89    45.90   68700.00     5.00 
Ques 3    20   0  60.25     6.42  28.72    824.93    47.67   88275.00     5.00 
Ques 4    20   0  71.25     4.76  21.27    452.30    29.85  110125.00    25.00 
Ques 5    18   2  34.17     5.05  21.44    459.56    62.74   28825.00     5.00 
Ques 6    20   0  44.00     5.67  25.37    643.68    57.66   50950.00     5.00 
Ques 7    20   0  69.75     5.43  24.30    590.72    34.85  108525.00    25.00 
 
 
Variable     Q1  Median     Q3  Maximum  Range    IQR  Skewness 
Ques 1    50.00   75.00  75.00    95.00  90.00  25.00     -1.43 
Ques 2    31.25   50.00  75.00    95.00  90.00  43.75     -0.06 
Ques 3    31.25   62.50  90.00    95.00  90.00  58.75     -0.30 
Ques 4    56.25   75.00  90.00    95.00  70.00  33.75     -0.97 
Ques 5    25.00   25.00  50.00    75.00  70.00  25.00      0.51 
Ques 6    25.00   50.00  68.75    95.00  90.00  43.75      0.31 
Ques 7    50.00   75.00  95.00    95.00  70.00  45.00     -0.79 
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Appendix R – Final Descriptive Statistics for Seed Data by Expert 
  
          Total                                              Sum of 
Variable   Count   Mean  SE Mean  StDev  Variance  CoefVar   Squares  Minimum 
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 
 
 
Variable      Q1  Median  Maximum  Range    IQR  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 Seed Data by Question  
 
 
Variable   N  N*   Mean  SE Mean  StDev  Variance  CoefVar   Squares  
Minimum 
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 
 
 
Variable     Q1  Median     Q3  Maximum  Range    IQR  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 Unconditional Data by 
Expert 

 
                                                                    
           Total 
Variable   Count   N  N*   Mean  SE Mean  StDev  Variance  CoefVar  Minimum 
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 
 
 
Variable      Q1  Median     Q3  Maximum  Range    IQR 
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 Unconditional Data by 
Question 

 
 
                                                                       Sum of 
Variable                N   Mean  SE Mean  StDev  Variance  CoefVar   Squares 
Unconditional Ques.1   17  30.24     5.25  21.63    467.69    71.53  23024.00 
Unconditional Ques.2   17  29.71     5.75  23.72    562.60    79.85  24003.00 
Unconditional Ques.3   17  42.76     6.43  26.49    701.82    61.95  42319.00 
Unconditional Ques.4   16  46.06     7.33  29.33    860.06    63.67  46849.00 
Unconditional Ques.5   17  46.47     5.61  23.14    535.64    49.80  45282.00 
Unconditional Ques.6   17  38.00     5.20  21.46    460.38    56.46  31914.00 
Unconditional Ques.7   16  37.69     5.67  22.66    513.70    60.14  30431.00 
Unconditional Ques.8   17  63.47     6.18  25.46    648.26    40.11  78857.00 
Unconditional Ques.9   17  53.41     6.19  25.51    651.01    47.77  58914.00 
Unconditional Ques.10  17  45.00     6.82  28.12    790.63    62.48  47075.00 
 
 
Variable               Minimum     Q1  Median     Q3  Maximum  Range    IQR 
Unconditional Ques.1      4.00  13.00   24.00  47.00    81.00  77.00  34.00 
Unconditional Ques.2      1.00  12.00   26.00  40.00    87.00  86.00  28.00 
Unconditional Ques.3      7.00  22.00   32.00  68.00    86.00  79.00  46.00 
Unconditional Ques.4      4.00  20.00   43.50  73.75    96.00  92.00  53.75 
Unconditional Ques.5      7.00  31.00   45.00  63.50    94.00  87.00  32.50 
Unconditional Ques.6      3.00  22.50   40.00  51.50    82.00  79.00  29.00 
Unconditional Ques.7      5.00  15.25   43.50  54.00    75.00  70.00  38.75 
Unconditional Ques.8     13.00  49.50   67.00  84.00    94.00  81.00  34.50 
Unconditional Ques.9      1.00  45.00   57.00  69.00    97.00  96.00  24.00 
Unconditional 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 Conditional Data by 
Expert  

 
           Total 
Variable   Count   N  N*   Mean  SE Mean  StDev  Variance  CoefVar  Minimum 
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 
 
 
Variable      Q1  Median     Q3  Maximum  Range    IQR 
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 Conditional Data by 
Question   

 
 

 
                                                                      Sum of 
Variable              N   Mean  SE Mean  StDev  Variance  CoefVar    Squares 
Conditional Ques.1   17  51.71     7.05  29.09    846.10    56.26   58987.00 
Conditional 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 
Conditional Ques.10  17  66.12     5.58  22.99    528.61    34.77   82774.00 
 
 
Variable             Minimum     Q1  Median     Q3  Maximum  Range    IQR 
Conditional Ques.1      1.00  30.00   49.00  80.00    92.00  91.00  50.00 
Conditional Ques.2     17.00  29.50   52.00  70.50    91.00  74.00  41.00 
Conditional Ques.3      4.00  57.50   77.00  91.50    99.00  95.00  34.00 
Conditional Ques.4     33.00  59.75   91.50  97.00    99.00  66.00  37.25 
Conditional Ques.5     17.00  53.00   87.00  94.50    99.00  82.00  41.50 
Conditional Ques.6     24.00  40.00   65.00  77.50    97.00  73.00  37.50 
Conditional Ques.7      4.00  37.50   58.50  69.75    95.00  91.00  32.25 
Conditional Ques.8     14.00  54.50   75.00  87.00    99.00  85.00  32.50 
Conditional Ques.9     15.00  44.00   63.00  87.00    99.00  84.00  43.00 
Conditional Ques.10    18.00  51.00   64.00  82.50    98.00  80.00  31.50 
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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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

 

 

 

  



 
 

197 
 

Appendix Y- Conditional probability data points for Question 3: 

Respond to disasters in my jurisdiction. 

Expert # Expert 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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 

ID 

> than 

10% 

10%-

40% 

40%-

60% 

60%-

90% 

>than 

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  

 
 

 
 


