NPS-AM-18-231

M

ACQUISITION RESEARCH PROGRAM
SPONSORED REPORT SERIES

The Growth of the Navy Contracting Workforce and Its Impact on
Levels of Contracting Activity

1 October 2018

Dr. Ira Lewis, Associate Professor of Logistics
Graduate School of Business & Public Policy
Dr. Johnathan Mun, Research Professor

Department of Information Sciences

Naval Postgraduate School

Approved for public release; distribution is unlimited.

Prepared for the Naval Postgraduate School, Monterey, CA 93943.

S Acquisition Research Program
NPS a -
r 7

Graduate School of Business & Public Policy

V Naval Postgraduate School



The research presented in this report was supported by the Acquisition Research
Program of the Graduate School of Business & Public Policy at the Naval
Postgraduate School.

To request defense acquisition research, to become a research sponsor, or to print

additional copies of reports, please contact any of the staff listed on the Acquisition
Research Program website ( ).

Acquisition Research Program
Graduate School of Business & Public Policy
Naval Postgraduate School



http://www.acquisitionresearch.net/

Executive Summary

The U.S. Department of the Navy (DoN) 2010 acquisition workforce (AWF)
strategic plan noted that, since the 1990s, the value of DoN contracting had
increased by more than 50% while the acquisition workforce had declined by almost
50%. In response, as a component of the Department of Defense (DoD), the DoN
set an objective to in-source at least 3,500 civilian positions over the Future Years
Defense Program period and hire an additional 1,590 civilians using funds from the
Defense Acquisition Workforce Development Fund. These actions would lead to an
increase of 8% in the civilian acquisition workforce over the subsequent six years.
Given this increase in personnel, the following questions have been asked: What
has been the impact of this change in acquisition staffing within the DoN, and how is
acquisition different now than with the previous smaller workforce? Addressing these
issues is not straightforward, due to the complex structure of both the acquisition

workforce and of the acquisition activities themselves.

For this first phase of our research conducted during Fiscal Year 2018, we
performed a series of parametric, nonparametric, and nonlinear regression analyses
to attempt to correlate the growth of the size of the Navy contracting workforce with
the total dollar value of contracts issued and the number of contracts during the
period of 2008 to 2017. We found that an increase in the average dollar value of
contracts, as well as a decrease in the number of contracts, was associated with the
growth in the contracting workforce. We also found that contract obligations fluctuate
over time, but on average the total dollar amount of contracts is increasing.
However, the number of contracts issued is decreasing steadily, forcing the increase

in average contract size, defined as the average dollar amount.

Interestingly, there is a negative relation between the total number of
contracts and workforce size, indicating that some further analysis was required. We
determined that 96.86% of the variation in the number of contracts can be
determined by the time trend and workforce size. In practical terms, this indicates

that for every full-time employee (FTE) added to the workforce, on average there is
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an increase of 30.6 contracts after correcting for the reduction in contract size in the
time trend (e.g., for every 100 employees added, there will be an increase of 3,064
contracts, or a 1.8% increase in workforce size will increase the number of contracts

by 1% on average).

There are 13 career fields in the Navy acquisition workforce, although the
auditing field does not currently have any employees. A potentially useful next phase
of our work would involve carrying out the same type of analyses on these other
career fields as was done for the contracting career field to determine any
relationship between changes in the size of the career field’s workforce and

contracting activity.

Another fruitful avenue of research would be extending our work on the
impact of the growth in the acquisition workforce to the area of program
management, notably using the multiple databases made available through DAVE
(Defense Acquisition Visibility Environment), a relatively recent service that
incorporates DAMIR (Defense Acquisition Management Information Retrieval). The
field of program management (PM) is much broader than contract management and
arguably incorporates most contract management activity. Notably, PM involves
participation by all the acquisition career fields and would have multiple measures of
outputs and outcomes. Exploring the PM results of the growth in the acquisition

workforce since 2008 represents an exciting avenue of future research.

Future work will also include applying a powerful range of statistical and
analytical modeling that may provide a reasonable indication of the impact of the

AWF growth initiative. These modeling activities might include the following:

a. Statistical significance comparing before-and-after effects (using two-
sample dependent T tests and F tests, ANOVA, MANOVA)

b. Linear and nonlinear correlation matrices with statistical significance

C. Nonlinear econometric models to identify and determine the critical

independent variables that are statistically significant, as well as
guantifying their impact and results of the dependent variables and
related metrics
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d. Creating new metrics beyond those mentioned previously, by
collapsing multiple variables into composite measures that provide a
more comprehensive and cohesive indication of the impact of the
growth of the acquisition workforce

e. Monte Carlo simulations to determine the final probability distribution
and impact of changed manning levels. These distributions could serve
as a benchmark for current and future metrics such as increases in
acquisition complexity.

A key element of future work will be separating acquisition programs into

levels of complexity; these categorizations could then be used to predict the
turnover, schedule risk, and cost risk of new acquisition programs. The resulting

models could be of great use to management in assisting with the direction of PM

activity.
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Introduction

The U.S. Department of the Navy (DoN) 2010 acquisition workforce (AWF)
strategic plan noted that, since the 1990s, the value of DoN contracting had
increased by more than 50% while the acquisition workforce had declined by almost
50%. The cuts in workforce reflected the view then held in Congress that the
defense acquisition workforce was too large for the acquisition budget and for the
size of the uniformed force. Another trend had been the significant growth of

contractor support positions, in part due to civil service hiring restrictions.

In response, as a component of the Department of Defense (DoD), the DoN
set an objective to in-source at least 3,500 civilian positions over the Future Years
Defense Program period and hire an additional 1,590 civilians using funds from the
Defense Acquisition Workforce Development Fund. These actions would lead to an
increase of 8% in the civilian acquisition workforce over the subsequent six years
(DoN, 2010; Schwartz, Francis, & O’Connor, 2016).

Given this increase in personnel, the following questions have been asked:
What has been the impact of this change in acquisition staffing within the DoN, and
how is acquisition different now than with the previous smaller workforce?

Addressing these issues is not straightforward, due to the complex structure of both

the acquisition workforce and of the acquisition activities themselves (McKeithen,
2016).
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Research Context

Research involving public-sector procurement specialists revealed that these
professionals were “skeptical about the possibility that performance measurements
can be useful or can increase the quality of decision-making in public procurement”
(Diggs & Roman, 2012, as cited in Rendon, 2015). Lewis (2016) expressed some
concerns about availability and suitability of data as well as the challenges of relating

inputs to outputs in a professional environment.

In a well-cited review of research into organizational performance, March and
Sutton (1997) found that the structure and definition of performance were rarely
explicitly justified, and that the appropriateness of performance is rarely questioned.
Organizational performance is frequently used as a dependent variable, and
researchers pay little attention to the complications of using such a formulation to

characterize the behavior of organizational phenomena.

Part of the reason for this practice is that organizational research demands
and rewards speculations about how to improve performance. March and Sutton
(1997) further noted that it isn’t clear that organizational purpose can be portrayed
as unitary—a factor familiar to students of public administration—and that the
multiple purposes of an organization aren’t reliably consistent. In addition, March
and Sutton suggested that organizational researchers live in two worlds; one
demands speculations about how to improve performance, while the other requires
adherence to rigorous standards of scholarship. Finally, seeking knowledge “about
historically ambiguous phenomena such as organizational performance is more a
necessary form of disciplined self-flagellation than a pursuit of happiness” (March &
Sutton, 1997, p. 705).

Richard, Devinney, Yip, and Johnson (2009) found a limited effectiveness of
commonly accepted measurement practices in tapping the multidimensionality of
performance. The authors suggested that addressing these findings required
researchers to possess a strong theoretical rationale on the nature of performance

and to rely on strong theory as to the nature of measures. Further, Richard et al.
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found little progress in the unquestioning assumptions about performance since
what they termed March and Sutton’s (1997) “call to virtue.” Given the above
research, it is difficult to contemplate how one would measure the addition of
thousands of employees, particularly professionals doing complex work, to the
Navy’s acquisition workforce. On the input side, one is struck by the difficulties in
measuring who worked where at what time, as well as what they did. From the
output perspective, the “units of work,” such as contracts, financial and other
reporting documents, e-mails, meetings, and the like, vary significantly in size and

importance.

It would also be necessary to account for differences in work hours caused by
such factors as training and leave. Measuring the productivity of military acquisition
personnel, who make up approximately 10% of the Navy’s acquisition workforce,
has its own set of challenges above and beyond those associated with civilian
personnel. These include the impact of high turnover, promotions, centralized control

over most training and development, and so on.

Part of the challenge of determining the increase in output caused by the
change in size of the acquisition workforce is related to data limitations. Schwartz et
al. (2016) found significant limitations in the data available to inform acquisition
research, particularly with respect to reliability and comprehensiveness. The Federal
Procurement Data System (FPDS), which is the central database of U.S.
government procurement, contains data with limited “utility, accuracy, and

completeness” (Government Accountability Office [GAO], 2012).

A DoD report on the performance of the defense acquisition system noted
that defense acquisition “is complex, and each measure has its strengths and
weaknesses, so attributing performance to a single measure is subject to the
limitations of that measure,” and that such data, even when combined with other
information, constitute a “crude indicator of the effectiveness of these officials’

decision making” (DoD, 2015, p. xv).
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Nevertheless, it should be possible to discern some basic indicators that,
while not definitive, do provide some indication of the impact of the increase in the
workforce. As Gates (2009, p. 27) has suggested,

The AW [acquisition workforce] must be viewed as an input to a

process operation, and thought should be given to concrete

outcomes that the workforce could be expected to influence. These

would not be the high-level outputs of on-time, on-budget systems,

but they could include important process-oriented outcomes that

reflect top-flight systems engineering practices and could ultimately

lead to improvements in the key outcomes of interest. It is also

critical to acknowledge that the AW is engaged in a wide range of

procurement-related activities and that different types of activities
are likely to require separate and distinct outcome measures.

DoN senior management has expressed the need for an improved
understanding of measuring AWF productivity. As suggested above, one important
caution in considering the impact of the mandated increase in the size of the AWF
relates to traceability. Changes in the total number of employees at the DoD or DoN
levels may not translate directly at lower levels such as individual offices. There is
considerable fluctuation at the office level, due to normal turnover as well as directed
changes in personnel billets that may not be related to the mandated increase in
AWF size. Gates (2009, p. 4) commented on the challenges of measuring AWF
productivity in the face of increasing demand for acquisition personnel:

Key drivers of the increasing demands include the complexity of

service contracting, which is a growing share of all government

contracting; the fact that the number of transactions is no longer a

good measure of workload; and the fact that best-value

procurement approaches are substantially more complex than
lowest-price contracting approaches.

In addition, the methodology for counting members of the AWF is quite
complex, and considerable data collection and analysis is required to count gains,
losses, and switches (personnel moving into or out of the AWF to other positions).
The extensive work performed by RAND on defining and analyzing the size and
composition of the AWF should be used as a starting point for any analysis of the
impact of the mandated increase in AWF to provide a common baseline of personnel

resources (Gates, Roth, Srinivasan, & Dougherty, 2013; Powell, 2017).

Acquisition Research Program
Graduate School of Business & Public Policy -5-
Naval Postgraduate School




THIS PAGE LEFT INTENTIONALLY BLANK

‘ — Acquisition Research Program
= NPS a7 Graduate School of Business & Public Policy

V Naval Postgraduate School



Proposed Approach

Within this context, it would be possible to take a limited number of variables
that are surrogates for activity levels and compare them to AWF headcounts before
and after the increase in workforce size. Broadly speaking, activities could be
divided into the program and contract management realms, although it is recognized
that these two are not mutually exclusive. Within program management, measures
such as number, dollar amount, and program categories (ACATs) under
management may serve as useful measures. In contract management, the number
and total dollar value of contracts, contract processing time, and some measure of

contract complexity, if available, would be helpful.

One factor emphasized by Powell (2017) was the change in the composition
of the AWF during the period of growth. For example, there were new hires from
inside and outside the civil service with limited acquisition experience, as well as
retiring military personnel, many of whom had a substantial acquisition background.
It would be desirable to attempt some characterization of workforce demographics
rather than reducing the Navy AWF to a single number in all analyses. Management
may be particularly interested in measures of before-and-after productivity.
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Data and Methodology

Sources of Information

The information required to conduct the above analyses can be grouped into
two categories: independent and dependent variables. The dependent variables
represent the output or outcome measures such as number of contracts issued, total
dollars under management, and number of projects by ACAT. We are mindful of the
comments by Gates (2009), cited above, that emphasize the need for process-
oriented measures such as desirable system engineering outcomes, rather than
traditional output measures such as the number of contracts under management.

We return to this issue later when we discuss dependent variables.

In contrast, independent variables are the inputs that (plausibly) lead to the
results characterized by the dependent variables, most notably for our study,

workforce size and composition.

Information about AWF size and composition is maintained on the website
(http://www.hci.mil) of the Office of Human Capital Initiatives (HCI) within the Office
of the Under Secretary of Defense for Acquisition and Sustainment. For example,
during our initial research, data on total AWF workforce size as well as numbers by
career field (there are 13 in the AWF) are available for Fiscal Year 2008 (FY08)
through the first quarter of Fiscal Year 2017 (FY17Q1), as shown in Figure 5.

Other data available from HCI include level of educational attainment or
certification under the Defense Acquisition Workforce Improvement Act (DAWIA),
years of service, and retirement eligibility. Additionally, workforce information is
available by gender and race. Overall, the DoD AWF has increased from 125,879 in
FY08 to 161,712 as of FY17Q1, an increase of 28%. Navy AWF personnel as of
FY17Q1 numbered 57,268, a 39% increase since FYO08.

Dependent variables represent a significant challenge to the researcher in
terms of availability, variety, and (perceived) relevance. These are other factors cited

by McKernan et al. (2017), is that the contents of the information systems giving
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access to these variables are constantly evolving due to factors such as policy and
technology. The authors identified four public databases that provided DoD
acquisition information: SAM, FSRS, USAspending.gov, and FPDS-NG. We
reviewed the offerings of each system, and only the last of these appeared to

contain relevant information for our work.

The Federal Procurement Data System—Next Generation (FPDS-NG) may
provide some useful data for dependent variables. Established in 2005 and owned
by the General Services Administration, this public source of information on
contracting activity describes “who is procuring what, when, how, and from whom
they are buying, and where the work is being done,” including spending with prime
contractors; is used by governments, contractors, and the general public; and is
considered authoritative (McKernan et al., 2017; Rendon & Snider, 2014). Contract
actions are covered since FY04, and FPDS-NG allows the user to generate both

standard and customized (ad hoc) reports.

Another potential way of measuring AWF productivity is through financial
information such as budget data. There may be a relationship between the number
and type of acquisition personnel and expenditures on procurement. From the
president's budget, we learn that the requested total DoN procurement funds in
FY08 were $38,718,200,000 for an AWF of 41,078 people, giving a figure of
$942,553 procured per employee. For FY17, a procurement request of
$49,585,801,000 and a Navy AWF of 57,278 result in an average of $865,704 per

employee, which is only a minor decrease (DoD, 2007, 2017).

Methodology

We determined that an appropriate first approach would be to try to associate
the growth in the contracting career field with levels of activity in Navy contracting.
Specifically, we would examine the total dollars of contracts issued and number of
contracts in FYO8 and FY17 and compare these with the size of the contracting

workforce using regression analysis.
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There are two important limitations in conducting such work. First, the dollar
value of a contract is not consistent with the amount of time involved in developing,
drafting, circulating, and approving the document. Second, independent of dollar
value, there are significant differences in contract length and complexity that also
make the individual document a possibly problematic unit of measure for evaluating
workload. However, we feel that dollar value and the number of contracts represent
reasonable surrogates for total workload for the purposes of this first phase of our

work.

We therefore conducted a series of regression analyses to try to correlate the
above factors. Details are provided in the appendix. Data on acquisition workforce
size (WORKFORCE) were obtained from the Office of Human Capital Initiatives in
the Office of the Under Secretary of Defense for Acquisition and Sustainment. The
number of contracts issued (CONTRACTS) and the average total dollar value of
contracts issued during the fiscal year (AVG CONTRACT SIZE) were extracted from
FPDS-NG. The variables CONTRACTS and AVG CONTRACT SIZE were tested as
dependent variables against WORKFORCE and TIME.

The three variables were associated for the same given fiscal year, as well as
for a time lag of one year to allow the increase in workforce size to take effect. In all,
16 separate regression models were run to determine the importance of the

relationship between the variables.
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Results and Findings

Our analysis of the data indicated that while the size of the Navy acquisition
workforce in the contracting career field increased over the period 2008-2017, the
number of contracts issued have been decreasing over time. However, the growth in
the contracting workforce tracks with the average contract size in dollars, both of

which are increasing over time, as shown in Figure 1.

Contracts and Workforce Over Time Contracts, Avg Contract Size, Workforce Over Time

380,000 450,000

360,000 400,000

340,000
350,000

320,000

300,000
300,000

250,000

280,000

260,000 200,000

Contracts Workforce Contracts Avg Size Workforce

Figure 1: Measuring Output Trends in Contract Numbers and Average Contract Size
vs. Contracting Workforce, 2008-2017

We also found that contract obligations fluctuate over time, but on average,
the total dollar amount of contracts is increasing. However, the number of contracts
issued is decreasing steadily, forcing the average contract size to increase, as

shown in Figure 2.
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Contract Amount, Number of Contracts, Avg Contract Size

$115,000,000,000 450,000

/ 400,000

350,000

$110,000,000,000
$105,000,000,000

$100,000,000,000

$95,000,000,000 \_ > S

<\ 300,000
$90,000,000,000
250,000
$85,000,000,000
$80,000,000,000 200,000
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
= Action Obligation Contracts Avg Size

Figure 2: Decreasing Average Contract Size, 2008-2017

Given these trends, we set out to determine the degree of correlation
between contracting workforce levels and total contract obligations. Linear and
nonlinear correlations were computed, along with the statistical significance (p-
values) of the correlations—note that p-values < 0.05 or 0.10 are considered
significant. We also calculated correlation coefficients for workforce levels lagged
one year, that is, associating the workforce levels in each fiscal year with contracting
activity the following fiscal year to allow the impact of a change in workforce level to
be felt. The results are shown in Figure 3, with the nonlinear, lagged correlations

considered the most significant.
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Correlation Coefficients Linear Nonlinear p-value  p-value

Contract Amount to Number of Contracts 0.0825 0.2242 0.8207 0.5334
Contract Amount to Workforce 0.2342 0.0182 0.5150 0.9602
Number of Contract to Workforce -0.6632 -0.7576 0.0366 0.0111
Workforce to Average Contract Size 0.7064 0.6727 0.0224 0.0330
Correlation Coefficients (Lag 1) Linear Nonlinear p-value  p-value
Contract Amount to Workforce 0.5572 0.4753 0.1191 0.1960
Number of Contract to Workforce -0.6004 -0.7167 0.0873 0.0298
Workforce to Average Contract Size 0.8263  0.8244 0.0060 0.0063

Figure 3: Linear and Nonlinear Correlation for Contracting Workforce, 2008-2017

Note that the correlations increase significantly (and the p-values decrease)
due to the introduction of the one-year lag. Interestingly, there is a negative relation
(-0.7167) between the total number of contracts and workforce size, indicating that
some further analysis is required. As noted previously, there also seems to be a time
trend reduction in the number of contracts and corresponding increase in average

contract size.

After accounting for the time trend over the 10-year period under review, we
found that the number of contracts is highly related to workforce size. The details are
shown in Figure 4; 96.86% of the variation in the number of contracts can be
determined by the time trend and workforce size, which is found to be statistically
significant (p = 0.0259). In practical terms, this indicates that for every full-time
employee (FTE) added to the workforce, on average there is an increase of 30.6
contracts after correcting for contract reductions in the time trend (e.g., for every 100
employees added, there will be an increase of 3,064 contracts, or a 1.8% increase in

workforce size will increase the number of contracts by 1% on average).
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Ranked Models Summary

CONTRACTS = a + B; *WORKFORCE + B,*TIME AVG CONTRACT SIZE = a + B*(WORKFORCE )
C=Bo+Piw+Pzt > = Bo+ B1 LN(we4)

R*: 96.86% R’: 68.28%

Intercept: 214201 Intercept: -315275

Coefficient: 30.6369 -14408 Coefficient: 106.7015

P-value: 0.0259 0.0000 P-value: 0.0060

CONTRACTS = a + B *LN(WORKFORCE) + B;*TIME AVG CONTRACT SIZE = o + B*LN (WORKFORCE 1)
C=Bo+B: IN(w) + B2 T 2 = Bo+ B1 In(w:.a)

R*: 96.79% R*: 66.48%

Intercept: -1139463 Intercept: -4969148

Coefficient: 176726 -14359 Coefficient: 608577

P-value: 0.0281 0.0000 P-value: 0.0074

Figure 4: Ranked Models Summary for Number of Contracts and Workforce Size

As for average contract size, we found that workforce size contributes to the
increase in average contract size over time. The average contract size for the past
10 fiscal years is $306,866; one additional FTE contributes to an increase of $106 in
average contract size, or 100 FTEs contribute to, on average, a 3.5% increase in
average contract size, or $10,670 per contract.
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Conclusions and Further Research

Our research efforts up to this point have of necessity been exploratory. As
mentioned previously, research in the field of professional productivity warns against
attempts to undertake large-scale measurement efforts. However, we have begun to
determine some basic trends from before and after the increase in Navy acquisition
personnel, including patterns that might indicate the impact of the change in

workforce size on organizational performance.

The first phase of our work has examined the relationship between the growth
of the Navy contracting workforce and the total dollar amount of contracts, and the
number of contracts issued, from 2008 to 2017. We found that an increase in the
average dollar value of contracts, as well as a decrease in the number of contracts,
was associated with the growth in the contracting workforce. We also found that
contract obligations fluctuate over time, but on average the total dollar amount of
contracts is increasing. However, the number of contracts issued is decreasing

steadily, forcing the average contract size to increase.

Interestingly, there is a negative relation (-0.7167) between the total number
of contracts and workforce size, indicating that some further analysis is required. We
determined that 96.86% of the variation in the number of contracts can be
determined by the time trend and workforce size. In practical terms, this indicates
that for every full-time employee (FTE) added to the workforce, on average there is
an increase of 30.6 contracts after correcting for the reduction in contract size in the
time trend (e.g., for every 100 employees added, there will be an increase of 3,064
contracts, or a 1.8% increase in workforce size will increase the number of contracts

by 1% on average).

As shown in Figure 5, there are 13 career fields in the Navy acquisition
workforce, although the auditing field does not currently have any employees. A
potentially useful next phase of our work would involve carrying out the same type of

analyses on these other career fields as was done for the contracting career field to
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determine any relationship between changes in the size of the career field’'s

workforce and contracting activity.

Another fruitful avenue of research would be extending our work on the
impact of the growth in the acquisition workforce to the area of program
management (PM), notably using the multiple databases made available through
DAVE (Defense Acquisition Visibility Environment), a relatively recent service that
incorporates DAMIR (Defense Acquisition Management Information Retrieval). The
discipline of PM is much broader than contract management and arguably
incorporates most contract management activity. Notably, PM involves participation
by all the acquisition career fields and would have multiple measures of outputs and
outcomes. Exploring the PM results of the growth in the acquisition workforce

represents an exciting avenue of future research.

Future work will also include applying a powerful range of statistical and
analytical modeling that may provide a reasonable indication of the impact of the
AWF growth initiative as related to the other career fields and PM outputs and
outcomes. These modeling activities might include the following (Mun, 2015):

a. Statistical significance comparing before-and-after effects (using two-sample
dependent T tests and F tests, ANOVA, MANOVA)

b. Linear and nonlinear correlation matrices with statistical significance

C. Nonlinear econometric models to identify and determine the critical

independent variables that are statistically significant, as well as quantifying
their impact and results of the dependent variables and related metrics

d. Creating new metrics beyond those mentioned in the previous section by
collapsing multiples variables into composite measures that provide a more
comprehensive and cohesive indication of the impact of the growth of the
acquisition workforce

e. Monte Carlo simulations to determine the final probability distribution and
impact of changed manning levels. These distributions could serve as a
benchmark for current and future metrics such as increases in acquisition
complexity.

A key element of future work will be separating acquisition programs into

levels of complexity; these categorizations could then be used to predict the

turnover, schedule risk, and cost risk of new acquisition programs. The resulting
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models could be of great use to management in assisting with direction of PM

activity.

Career Field FY 2008 Dec 31, 2016 Change (%)
Auditing 0 0 0%
Business 1792 2405 34%
Contracting 4866 5859 20%
Engineering 16353 21652 32%
Facilities Engineering 3902 5481 40%
Information Technology 800 2868 259%
Life Cycle Logistics 4104 5981 46%
Production, Quality & Manufacturing 1980 3240 64%
Program Management 3485 5514 58%
Property Management 58 64 10%
Purchasing 478 417 -13%
Science & Technology Manager 190 559 194%
Test & Evaluation 2360 3227 37%
Unknown/Other 710 1 -100%
Total 41078 57268 39

Figure 5: Department of the Navy Acquisition Workforce by Career Field

(Source: Office of the Under Secretary of Defense [Acquisition and Sustainment],

Office of Human Capital Initiatives, January 2018)
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Appendix

Ranked Models Summary

CONTRACTS = o + Bi*WORKFORCE + B*TIME
C=B+Biwt+pr

R* 96.86%
Intercept: 214201
Coefficient: 30.6369 -14408
P-value: 0.0259 0.0000

CONTRACTS = o + B*L.N(WORKFORCE) + 8,*TTME
C = B() + B] LN(LL)) + 52 T

R* 96.79%

Intercept: -1139463

Coefficient: 176726 -14359
P-value: 0.0281 0.0000

CONTRACTS = a + Bi*WORKFORCE.; + 3*TIME
C=Bo+Prwa+Bar

R% 93.91%
Coefficient: 21.0977 -13661
P-value: 0.2054 0.0003

CONTRACTS = o + B*LN(WORKFORCE,;) + B*TIME
C= Bo + B] LN(&)H) + Bz T

R% 93.79%
Coefficient: 118419 -13608
P-value: 0.2216 0.0003

CONTRACTS = o + B*WORKFORCE

C=Bt o
R* 43.99%
Coefficient: -64.2112
P-value: 0.0366
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CONTRACTS = o + B*LN(WORKFORCE)
C = Bo + B LN(o)

R% 43.82%
Coefficient: -374874
P-value: 0.0371

CONTRACTS = o + B*WORKFORCE 4

C= f)o + Bl Wet

R 36.05%
Coefficient: -60.6375
P-value: 0.0873

CONTRACTS = a + B*LN(WORKFORCE )
C =Bo + B1 LN(0w)

R% 36.51%
Coefficient: -352743
P-value: 0.0848

AVG CONTRACT SIZE = « + B*(WORKFORCE 1)
Y. = Bot B LN(0w)

R 68.28%
Intercept: -315275
Coefficient: 106.7015
P-value: 0.0060

AVG CONTRACT SIZE = o + B*LN (WORKFORCE )
Y. = Bot Brln(w)

R 66.48%
Intercept: -4969148
Coefficient: 608577
P-value: 0.0074

AVG CONTRACT SIZE = o + B*WORKFORCE
2=PotBiow
R

: 49.90%
Coefficient: 81.4716
P-value: 0.0224
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AVG CONTRACT SIZE = a + B*LN(WORKFORCE)
2= Bot B LN(w)

R% 48.12%
Coefficient: 467967
P-value: 0.0261

AVG CONTRACT SIZE = o + B*WORKFORCE,; + B*TIME

ZZS()+ 51 We-1 +52’C

R* 78.31%

Coefficient: 63.1889 7272
P-value: 0.1284 0.1468

AVG CONTRACT SIZE = a + B LN(WORKFORCE.) + B*TIME

2 = Pot B LN(w) + B
R

: 77.23%
Coefficient: 347564 7539
P-value: 0.1523 0.1433

AVG CONTRACT SIZE = « + B*WORKFORCE + B,*TIME
L=PotBiotfer

R*: 68.39%
Coefficient: 14.6540 10150
P-value: 0.7320 0.0827

AVG CONTRACT SIZE = o + B*LN(WORKFORCE) + B*TIME
> =Bo+ B LN(w) + B2t

R% 68.14%
Coefficient: 64004 10516
P-value: 0.7977 0.0741
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CONTRACTS = o + B¥(WORKFORCE)

VAR1 VAR2 VAR3 lE___ B - O .
Contracts Workforce Avg Size B o k
362,221 5,245 $266,211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5,516 $270,721.63|| running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first vaniable is the
B bl el dependent variable followed by at least one or more independent variables separated by semicolons.
347,871 6,041 $299.101.83| | the following example, LM{WVAR1) and WAR3 are dependent vanables in two models and the
318.874 b7 $296.707.02]| remaining items are independent variables in the two econometric models:
294 389 5716 5320.602.46 LN{WART); LN(VARZ) VAR3+VAR4 TIME
! ' : WVAR3; LAG(VARZ,3); DIFF(VART); RESIDUAL{VAR3 VARS]
296,158 5,725 $284,034.29 { ) ' ) ’ )
283,740 6,114 $299.133.74| Tvam VAR2 VAR3 -
269,250 6.347 $345.183.80| | 352021 5245 266211.142300689
276,566 6,443 $395.958.221' | 353608 5516 270721.627222376
351869 6001 ]
269,250 5,245 $250.347.99 | | 347371 6041 [R] Econometrics Results - O *
362,221 6,443 $395,958.22 | | 313574 5771
294349 5716 R-Squared (Cosfficient of Determination): 0.4339
; ; g - : 0.3698
FY15 FY16  FY17 HChange % Challl B 5725 Adjusted R-Squared:
e ) Multiple R (Multiple Correlation Coefficient): 0.6632
21,181 | 21,977 | 22,638 Qs e Standard Error of the Estimates (SEy): 28383 3181
i Dependent \Variable: Independent V3 ANOVAF Statistic: gﬁiﬁg
114 347 6,443 ANOVA p-Value: g
6 6 23% 29 VAR VARZ) ANOVA p-Value
6160 | 6556 | 6,531 50% | 09 =g NVERD) Intercept (VAR2)
Functions: =g, LoGrerRz«vAR | Coefficients 693792 7441 £4.2112
5335 | 6362 | 6213 52% | 29 +-JINLOGLAG MARIVARITME | Standard Eror 1512115347 256191
t-Statistic 45882 -2.5064
2,810 | 3,249 | 3,370 B8% | 49 O Multiple Models pValue 0.0018 0.0366
3328 | 3372 3,356 369 09
Diependent \Variable:
2,000 2,021 2,149 11% E9l
VART Copy
5261 | 5490 | 5,571 438 19 :
2,765 3044 | 3,135 247% 39 INTEGERT: Min Maze Sort by Adjusted R-Squared |
. . . INTEGERZ: Min Maze Shift Data Reows Up Times
INTEGER3: Min Max Shift Data Rows Down Times
435 476 457 -16% -44
570 588 570 -34 oK Cancel
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CONTRACTS = o + B*(WORKFORCE .,)

VAR1 VARZ VAR3 @ Basic Econometrics — O >
Contracts Lag 1 Workforce Avq Size Lag 1
353,698 5,245 $270,721.63 This tool is used to run basic econometric models by first transforming the input variables before
351,869 5,516 $250.347.99 running the multivariate regression analysis. You can enter in multiple econometric model
347 871 6.001 $299 101.83 specifications to test. Each model is on a new line and within each line, the first vaniable is the
: . : - dependent variable followed by at least one or more independent variables separated by semicolons.
318,874 6,041 $296,707.02 In the following example, LN(VAR1) and WAR3 are dependent variables in two models and the
294 389 5771 0.602.46 remaining items are independent variables in the two econometric models:
296’1 a8 5’716 $3§4’034 29 LN(VART). LN(VAR2); VAR3+VAR4; TIME
g . $284.034. VAR3: LAG(WAR2,3); DIFF(VART); RESIDUAL(VAR3 VAR4)
283,740 5,725 $299,133.714
269,250 6,114 $345,183.80 VARL VAR2 VAR3 ~
276,566 6,347 $395,958.22 353698 5245 270721.627222376
351869 5516 250347.9929912584
347871 6001 299101.830947046
318874 6041 296707.020709246
294389 5771 320602.463739916
296188 5716 284034.285885789
ange 283740 5725 299133.738324593 v
Fr i Correlation Coeffi| ) .
Contract Amount to ® Single Model E Econometrics Results - O *
%
I Contract Amount to Dependent \ariable: Independent
g Number of Contract VAR VARZ - R-Sguared (Coefficient of Determination): 0.3605
j— Waorkforce to Averag e Adjusted R-Squared: 02692
% . :Lg”'_l'cti;rs_ ! ——— Multiple R (Multiple Correlation Coefficient): 0.6004
o Correlation Coeffi 1-"/LNLOG LAG atvsaz To|  Standard Error of the Estimates (SEy): 28736.6810
- Contract Amount to ANOVA F Statistic: 39464
% Number of Contract () Multiple Models ANOVA p-Value: 0.0873
— Workforce to Averag b
% Intercept VAR2
% Coefficients 663828 5884 60.6375
Standard Eror  178233.7882 30.5240
g | [t-Statistic 37245 -1.5866
J— | | p-Value 0.0074 0.0873
i 6,600 | INTEGER1: Min Manc
— INTEGER2: Min Max [ | .
6,400 1 - Dependent Variable:
— - INTEGERZ: Min Max | | vari Copy
% 6,200 - T
% 6,000 _ OK Cancel 280,000
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CONTRACTS = « + B *WORKFORCE + 3,*TIME

VAR1 VAR2 VAR3 IR Basic Econometrics B O .
Contracts Workforce Avg Size A o k
362,221 5,245 $266.211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5,616 $270,721.63|| running the multivariate rearession analysis. You can enter in multiple econometric model
351.869 6.001 $250.347.99 specifications to test. Each model is on a new line and within each ling, the first variable is the
; : : ) dependent variable followed by at least one or more independent variables separated by semicolons.
347,871 6,041 $299,101.83 In the following example, LN(VAR 1) and VAR 3 are dependent variables in two models and the
318,874 B.T71 $296,707.02|| remaining items are independent variables in the two econometric models:
204 380 5716 $320.602.46 LN{VAR1):; LN(VARZ): VAR3+VAR4: TIME _
: : : WAR3; LAG(VARZ 3); DIFF{VART); RESIDUAL{VARI WAR4
296,188 5,725 $284,034.29 { ) ' ) ) )
283,740 6,114 $299.133.74| [van: VARZ VAR3 =
269,250 6,347 §345.183.80|  |352021 5245 266211,142300689
276.566 6.443 $395.956.221 353609 5516 270721.627222376
351869 6001 250347.992991284
269.250 5245 $250.347.99 | | 347471 6041 299101.830947046
362,221 5,443 $395.958.22 | |31g374 5771 -
204389 5716 [] Econometrics Results - O x
FY15  FY16  FYl7 YCrange % Chall ERCRE 5725
SR L ) R-Sguared (Coefficient of Determination): 0.3686
@® single Model Adjusted R-Squared: 0.3596
21,181 | 21,977 | 22,638 ) j ) .
Drrerire Independent V4 Multiple F. (Multiple Corrfalatlon Coefficient): . ggz;&g
6114 6347 6,443 23% 29 Standard Error of the Estimates (SEy): et
VART VARZTIME | aNOVAF Statistic: 107.9408
6,160 6,556 6,531 50% 0% co.LNVART) ANOVA p-Value: 0.0000
Functions: eg. LOGVARZ+VAR
6,335 6,362 6,213 52% =29 +-*JLN.LOG.LAG (VAR VAR TIME: Intercept VARZ TIVE
=17 2| 3,370 68% | au . Coefficients 2142012287 306369 -14408.0830
& i & s Standard Emor 584544025 10.8810 1327.2357
3,328 3,372 3,356 369 o t-Statistic 36644 28156 -10.8557
p-Value 0.0080 0.0259 0.0000
2,000 | 2021| 2,149 11% &Y
5,261 5,490 5,571 A43% 1% Dependent Variable:
_ . VART Copy
2,765 3,044 3,135 247% 39 INTEGER1: Min Max
_ _ _ INTEGER2: Min Mas N ShiftData |  |RowsUp | |Times | |
INTEGERZ: Min Max Shift Data Rows Down Times
495 47a 457 -16% -4
570 588 570 —3‘1 oK Cancel
- - I I RO A
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CONTRACTS = a + B*WORKFORCE . + 8*TIME

VAR1 VAR2 VAR3 IE . _ O
Contracts Lag 1 Workforce Avq Size Lag 1 -
353,698 5,245 $270,721.63 This tool is used to run basic econometric models by first transforming the input variables before
351,869 & 516 $250,347 99 running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first variable is the
347,871 6,001 $239,101.83 dependent variable followed by at least one or more independent variables separated by semicolons.
318,874 6.041 $296.707.02 In the following example, LM{VAR1) and WAR3 are dependent variables in two models and the
294 389 5771 $320,602.46 remaining items are independent variables in the two econometric models:
LM{VART): LN{VAR2); VAR3+\AR4: TIME
296,188 5.716 5284,034.23 VAR3: LAG(VAR2.3): DIFF(VART): RESIDUAL{VAR3 VAR4)
283,740 5725 $299.133.74
269,250 6,114 $345,183.80 VAR1 WARZ WAR3 ~
276,566 6,347 $395,958.22 353608 5245 270721.627222376
351869 5516 250347.992991284
347871 6001 299101.830947046
318874 6041 296707.020709246
294380 5771 320602.463739916
296188 5716 284034.285885789
g 283740 5725 299133.738324593 "
Correlation Coeffi
Contract Amount t¢ ® Single Model
o ﬁznmtrbaecrt D?gs;ltr:;; Dependent Vaniable: Independent Variables:
C Workforce to Avera | VAR1 WARZ; TIME
| e.g.. LN{VART) ]
Correlation Coeffi Functions: E Econometrics Results - O >
o Contract Amount t¢ -~ LILOGLAG
| Number of Contrac| (3 multiple Models R-Squared (Coefficient of Determination): 0.9391
— Workforce to Avera | Adjusted R-Squared: 0.9188
L Multiple R (Multiple Correlation Coefficiant): 0.9691
| | Standard Error of the Estimates (SEy): 95387023
— ANOVA F Statistic: 46.2607
U | ANOVA p-Value: 0.0002
5,600 | TER M |
L ' NTEGERT: HMin i Intercept VARZ TIME
5400 | INTEGERZ: Min | | Coefficients 2555643849 210877 -13661 3066
' L] TER .M | | Standard Emor 80334 5129 148566 1805.4445
INTEGER3: M
; & 200 - " { |t-Statistic 21813 14201 75500
| ! | p-Value 0.0150 02054 0.0003
P 5,000
| — T 77| Dependent \Vanzble:
| 5, e VAR Copy ose
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CONTRACTS = o + B*LN(WORKFORCE)

VAR1 VAR2 VAR3 IE - B O .
Contracts Workforce Avg Size e o k
362,221 5,245 $266,211.14 This tool is used to run basic econometric models by first transforming the input variables before
363.698 5516 $270,721.63|| running the multivariate regression analysis. You can enter in multiple econometric model
a specifications to test. Each model is on @ new line and within each line. the first variable is the
e b el dependent variable followed by at least one or more independent vaniables separated by semicolons.
347,871 6,041 $299.101.83| | e following example, LN(VAR 1) and WAR3 are dependent variables in two models and the
318,874 5771 $296,707.02| remaining items are independent variables in the two econometric medels:
294 389 5716 532[] 602 46 LN{VAR1): LN{VAR?): VAR_3+VAR4: TIME _
: : : VAR3: LAG(WARZ.3): DIFF(VART): RESIDUAL{VARI VAR
296,188 h.725 $284,034.29 { d ’ ) ' )
283,740 6,114 $299.133.74|| [yart VARZ VAR3 =
269,250 6,347 $345,183.80)| 352721 5245 266211.142300689
276.566 6.443 $395.958.22] | 353608 5516 270721.627222376
351869 6001 250347.992991284
269,250 5,245 $250,347.93 | 1347571 g041 299101,830947046
362,221 6,443 $395.958.22 | |31ga74 5771 -
ST = [F] Econometrics Results - O X
%Change % ChafllERINEE] 5725
s PRl Pl Since FY0E Since R-Squared (Coefficient of Determination): 0.4382
® Single Model Adjusted R-Squared: 0.3680
21,181 | 21,977 | 22,638 37% 3% . Multiple R (Multiple Correlation Coefficient): 0.6620
Dependent Vanable: Independent . 28476 1871
6,114 6,347 6,443 238 71 Standard Error of the Estimates (SEy): L
VART LN{VARZ) ANOVA F Statistic: 6.2354
6,160 6,556 6,531 50% 0% =g, LNVART) ANOVA p-Value: 0.0371
Functions: eg. LOGVARZ:VA]
68,335 6,362 6,213 52% =29  +-"JLNLOGLAG (VARTVARI: TIME Intercept LN(VAR2)
) Coefficients 35692075544  -374874 4242
2810| 3249| 3370| | 68% | 4% O Multiple Models Standard Emor  1302629.1987 1500767100
328 372 3,356 t-Statistic 27400 -2.4579
= L 36% " p-Value 0.0254 0.037
2000 2021| 2,149 11% 69
5,261 5,490 5,571 43% 149 Dependent Varizble:
_ VAR1 Copy
2,765 3,044 3,135 247% 38 INTEGER1: Min ax
— T T — I
_ ~ ~ INTEGERZ: Min Ma Shift Data Rows Up Times |
INTEGERZ: Min Max Shift Data Rows Down Times
495 47a 457 -16% A4
570 588 570 -39 0K Cancel
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CONTRACTS = o + B*LN(WORKFORCE ;)

VAR1 VAR2 VAR3
Contracts Lag 1 Workforce Avg Size Lag 1

353,698 5,245 $270,721.63
351,869 5516 $250,347 99
347,87 5,001 $299,101.83
318,874 6,041 $296,707.02
294 389 5771 $320,602 46
296,188 5,716 528403429
283,740 B,725 $299,133.74
269,250 6,114 $345.183.80
276,566 6,347 $395,958 22

Fr 16

il Bl Bl

Correlation Coeffi
Contract Amount t¢
Contract Amount te
Number of Contraci
Workforce to Avera

Correlation Coeffi
Contract Amount t¢
Mumber of Contrac
Workforce to Avera

6,600
5,400
5,200
5,000

5,800
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E Basic Econometrics

This tool is used to run basic econometric models by first transforming the input variables before
running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first variable is the
dependent variable followed by at least ane or more independent variables separated by semicolons.
In the following example, LN(VAR1) and VAR3 are dependent variables in two models and the
remaining items are independent variables in the two econometric models:

LN{VART); LN{VARZ); VAR3+VARS; TIME

WAR3; LAG(VARZ2,3); DIFF(WVAR1); RESIDUAL(VAR3 VAR4)

O

WVARL

353698
351869
347871
318874
294389
286138
283740

® Single Model

Dependent Vaniable:

VAR1
2.g., LN(VART)

Functions:
+-"/LN.LOG LAG

O Multiple Models

INTEGERT:
INTEGERZ:
INTEGER3:

Min
Min
Min

e

VAR2 VAR ~

5245 270721.627222376

5516 250347.992991284

6001 289101.830947046

6041 296707.020709246

5771 320602.463739916

5716 284034.285885789

5725 299133.738324593 v
Independent Variables:
LN(VARZ)

[R] Econometrics Results - O X
R-Squared (Coefficient of Determination): 0.3651
Adjusted R-Squared: 0.2744
Multiple R (Multiple Correlation Coefficient): 0.6042
Standard Error of the Estimates (SEy): 28693.3459
ANOVA F Statistic: 4.0254
ANOVA p-Value: 0.0248

Intercept LNIVARZ)
Coefficients 33683536067  -352743.7161
Standard Emor 15242437177 175815.0431
t-Statistic 22059 -2.0063
p-Value 0.0628 0.0348
7| Dependent Variable:
&

WVAR1
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CONTRACTS = « + B*LN(WORKFORCE) + 3,*TIME

VAR1 VAR2 VAR3 IE__ B B O »
Contracts Workforce Avg Size A o k
362.221 5,245 5266,211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5516 $270,721.63|| running the multivariate regression analysis. You can enter in multiple econometric model
a specifications to test. Each model is on @ new line and within each line, the first vaniable is the
e I e dependent variable followed by at least one or more independent variables separated by semicolons.
347.871 6.041 $299.101.83| |5 the followi ng example, LN(WVAR1) and VAR3 are dependent variables in two models and the
318,874 5,711 $296,707 02| remaining items are independent variables in the two econometric models:
294 389 5716 5320 [ LN{VAR1): LN{VAR?); VAR_3+VAR4: TIME i
: : ! WAR3; LAG(VARZ,3); DIFF(WART); RESIDUAL(VAR3, VAR4
296.1 5725 5284034 29 - ! ' : ' :
283,740 6,114 $299.133.74|| [vamy VARZ VARS py
269=2'50 6=34T $345,'18380 362221 5245 266211.142300689
276,566 6.443 $395,958.221| 353698 5516 270721.627222376
351869 6001 250347.992991284
269.250 5.245 3250.347.99 | 34757 6041 299101.830947046
362,221 6.443 $395,958.22 318874 5771 296707.020709246
294389 5716 320602.463739916
FY15 FY16 FY17 ;riiFﬁ ;iirs:::a 206188 5725 284034.285885784 -
@ Single Model [F] Econometrics Results - [m} X
21,181 | 21,977 | 22,638 .
| ceo| cos 3% ) Dependent Variable: Independent ‘u'ar_ R-Squared (Cosfficient of Determination): 03673
! VAR1 LN(VAR2); TIME|  Adjusted R-Squared: 0.9587
6,160 6,556 6,531 50% 080 =q, LNVART) Multiple B {Multiple Correlation Coefficient): 0.9838
Functions: =g l0GvARz-vARE  Standard Error of the Estimates (SEy): 72620061
6,335 6,362 6,213 52% =24 +-"JLNLOGLAG (VARTVARILTMEFR  ANOWA F Statistic: 1055504
2810 | 3249| 3370| | 68% | 49 O wmuitiple Models ANQVA p-Value: 0008
3328 | 3372| 3,356 36% | 09 1 Intercept LN(VARZ) TIME
Coefficients -1135463.6308  176726.6432 -14359.5195
2,000 2,021 2,149 11% 69 Standard Emor  550068.1734 64050.6251 1335.6776
t-Statistic -2.0715 2.7592 -10.7507
5261 | 5490 5,571 43% | 19 | | p-Value 0.077 0.0281 0.0000
2,765 3044 | 3,135 247% 39 INTEGER1: Min Max :
INTEGER2: Min Max | Dependent Variable:
PR 1 VaR1 Copy
INTEGER3: Min Max
495 476 457 -16% -44 T
570 588 570 -39 OK Cancel
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CONTRACTS = o + B*FLN(WORKFORCE ;) + . TIME

VAR1 VAR2 VAR3 E - — O
Contracts Lag 1 Workforce Avqg Size Lag 1 B
353,698 5,245 $270,721.63 This tool is used to run basic econometric models by first transforming the input vanables before
351,869 54516 526034799 running the multivariste regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each ling, the first variable is the
347,87 6,001 $233.101.83 dependent variable followed by at least one or more independent variables separated by semicolons.
318,874 6.041 $296.,707.02 In the following example, LN(VAR 1) and WAR3 are dependent vanables in two models and the
294,389 5771 $320,602.46 remaining items are independent variables in the two econometric models:
o LN{VART); LN(VARZ): VAR3+VAR4: TIME
296,188 5.716 5284,034.23 VAR3: LAG(VARZ.3): DIFF(VART): RESIDUAL[VAR3VARS)
283,740 5,725 529913374
269,250 6,114 $345,183.80 VAR VARZ WAR3 ~
276.566 6,347 $395,958.22 353693 5245 270721.627222376
351869 5516 250347,992991284
347871 6001 299101.830947046
318874 6041 296707.020709246
294389 5771 320602.463739916
296138 5716 284034.285885789
hinge 283740 5725 299133.738324593 v
Pl 16 Correlation Coeff| )
Contract Amount t¢ @ Single Model
¥ Contract Amount tg . )
,5_ Number of Contraci Dependent Variable: Independent Yariables:
| Waorkforce to Avera  |VAR1 LN(VARZ): TIME
% e.g., LN[VART)
%_ Correlation Coeffi EHQ?II?NHSLDGLAG [<] Econometrics Results — O X
- Contract Amount tg
Number of Contraci 3 -
’5_ Workforce to Avera O Multiple Models R-Squared (Coefficient of Determination): 0.9379
% 1 Adjusted R-Squared: 0.9172
— Multiple R {Multiple Correlation Coefficient): 0.9684
’5_ Standard Error of the Estimates (SEy): 9634.0851
% | ANOVAF Statistic: 45.2960
— | ANOVA p-Value: 0.0002
B 6,600 | INTEGERT: Min| | T
— a0 | INTEGER2: Min ] Intercept LN(VAR?) TIME
: . _ ) o | Coefficients £48315.8102 1184199668 -13608.8505
- INTEGER3: Min | | Standard Emor 7461915043 86337.6097 1829.6053
% 6,200 y | t-Statistic -0.8688 1.3637 74382
o p-Value 04183 02216 0.0003
%5 £,000
%_ 5,800 ! - Dependent Wariable:
% P VAR Copy ose
_ 5,600
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AVG CONTRACT SIZE = o + B*(WORKFORCE)

VAR1 VAR2 VAR3 E - B O .
Contracts Workforce Avg Size A o k
362,221 5,245 $266.211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,693 b.H16 $270,721.63|| running the multivariate rearession analysis. You can enter in multiple econometric model
351.869 6.001 $250.347.99 specifications to test. Each model is on a new line and within each ling, the first variable is the
; : : ) dependent variable followed by at least one or more independent variables separated by semicolons.
347,871 6,041 $299,101.83 In the following example, LN(VAR 1) and VAR 3 are dependent variables in two models and the
318,874 B8,771 $296,707.02|| remaining items are independent variables in the two econometric models:
294 389 5 T16 $320.602.46 LM(VART); LN(VARZ); VAR3+VARL TIME
: ! ' WAR3; LAG(VARZ,3); DIFF(VAR1); RESIDUALVARI VAR
296,188 5,725 $284,034.29 { ) ' ) ) )
283,740 6,114 $299.133.74| [var: VARZ VAR3 =
269,250 6,347 $345,183.80| | {352221 5245 266211,142300689
276,566 6,443 $395,058.22 353603 5516 270721.627222376
351869 6001 250347,992991284
269,250 5,245 $250.347.99 | | 347871 6041 ] .
362,221 6,443 $395,958.22 | |31ag74 = E Econometrics Results — ] o
294389 5716
%Change % Challl EELRLE 5725 R-Squared (Coefficient of Determination): 0.4930
FY15 FY16 FY17 Since FY08 Since Adjusted R-Squared: 0.4364
® Single Model Multiple R (Multiple Correlation Coefficient): 0.7064
21,181 | 21,977 | 22,638 i v 31975.7380
Dependent Variable: Independent Va ?:gi{aﬁrdFEsrtrotr. o: t|.1e Estimates (SEy): 79587
6,114 6,347 6,443 239% 2% A A atistic: 79687
VAR3 (VARZ) ANOVA p-Value: 0.0224
6,160 6,556 6,531 50% 0% =g LNVART)
Functions: 3. LOGVARZ- VAR Intercept (VARZ)
6335 | 6362| 6213 52% | 2% +-"/LNLOGLAG WARLVARITMESR | Cocfficierts  -1772221175 814716
Standard Emor  170347.0763 238611
2810 | 3249 | 3,370 68% A% (O Multiple Models t-Statistic -1.0404 2.8229
3,328 3,372 3,356 36% 0 p-Value 0.3286 0.0224
2,000 | 2021| 2,149 11% &Y .
Dependent Yariable:
" C Cl
5261 | 5490| 5,571 43% | 1% VAR3 oY
2,765 | 3,084 | 3,135 247% | 3% IMNTEGERT: Min Max [ Sort by Adjusted R-Squared I
- - - INTEGERZ: Min Max Shift Data Rows Lp Times
INTEGER3: Min Max Shift Data Rows Down Times
485 476 457 -16% -4
570 588 570 —3‘1 OK Cancel
|
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AVG CONTRACT SIZE = o + B*(WORKFORCE ...)

VAR1 VAR2 VAR3
Contracts Lag 1 Workforce Avqg Size Lag 1
353,698 5,245 $270,721.63
351,869 B.516 $250,347.99
347,871 6,001 $299,101.83
318,874 6,041 $296,707.02
294 389 5,711 $320,602 46
296,188 5,716 5284034 29
283,740 5,725 529913374
269,250 6,114 $345183.80
276,566 6,347 $395,958 22

ange

I ol ol Il Bl Bl
£

“EEE

Correlation Coeff|
Contract Amount t¢
Contract Amount t¢
Number of Contrac]
Workforce to Avera

Correlation Coeff|
Contract Amount t¢
Number of Contrac]
Workforce to Avera

6,600
6,400
6,200
6,000

5,800

£ snn
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This tool is used to run basic econometric models by first transforming the input variables before
running the multivaniate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first vanable is the
dependent variable followed by at least one or more independent vaniables separated by semicolons.
In the following example, LN{VART) and VAR3 are dependent vanables in two models and the
remaining items are independent variables in the two econometric models:

LN{VART); LN(\WVAR2); VAR3+VAR4; TIME

VAR3; LAG(VAR2,3); DIFF(VAR1); RESIDUAL{WAR3VAR4)

VAR1

353698
351869
347871
318874
294389
286188
283740

(® Single Model

Dependent \Variable:

VAR3
2.g., LNVART)

Functions:
+-," LN LOG LAG

() Multiple Models

INTEGERT:
INTEGERZ:
INTEGER3:

Min
Min
Min

(1)

WAR2 VAR3 ~
5245 270721.627222376
5516 250347.992991284
6001 299101.830947046
6041 296707.020709246
5771 320602.463739916
5716 254034.2858857459
5725 299133.738324593 v
Independent Variables:
WVARZ
[R] Econometrics Results — O X
R-Squared (Coefficient of Determination): 06828
| Adjusted R-Squared: 06375
Multiple R (Multiple Correlation Coefficient): 0.8263
Standard Error of the Estimates (SEy): 25523.8621
ANOVA F Statistic: 15.0710
| ANOVA p-Value: 0.0080
= Intercept WVARZ
| | Coefficients -315275.05611 106.7015
Standard Emor  160485.5384 274852
| |t-Statistic -1.9645 3.88241
p-Yalue 0.0302 0.0060
| Dependent Varizble:
VAR3 e ose
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AVG CONTRACT SIZE = « + B*WORKFORCE + 8,*TIME

VAR1 VAR2 VAR3 IE - B O .
Contracts _ Workforce  Avg Size e Tk
362,221 5,245 $266.211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5516 $270,721.63 runni.nfg the multi‘:ariatlnza reﬁr::ﬁic?q analysis. ch_:u candentehr.in mu#ilple ecaonfgmetric.n"ﬁdel X
specifications to test. Eacl il 15 on a new line and within each line, the first vanzable i1s the
e bl el 9 dependent variable followed by st least cne or more independent variables separated by semicolons.
347,871 6,041 $299,101.83| ;e following example, LN(WVAR1) and VAR3 are dependent vanables in two models and the
318,874 57 $296,707 02| remaining items are independent variables in the two econometric models:
294 389 5716 $32[] 602 46 LN{VAR1): LN{VARQ): VAR_3+VAR4: TIME i
: : : VAR 3: LAG(WARZ.3): DIFF(VART); RESIDUAL(WARIVARS,
296,188 5725 5284034 29 : . ) : ' L
283,740 6,114 $299 133,74 [yary VARZ VAR3 =
269,250 6,347 $345.183.80| | | 367021 5245 266211.142300689
276.566 6,443 $395.958.271 | 353608 5516 270721.627222376
351869 6001 250347.992991284
269,250 5245 $250.347.99 | | 34757, 6041 299101.830947046
362,221 6,443 $395,958.22 | | 31574 5771 296707.020709246
294339 5716 3206802,463739916 |
FY15  Fyie  Fyiy [l MCrre ChpRepp >7% [R Econometrics Results - o X
® Single Model
21,181 | 21,977 | 22,638 ; ) R-Sguared (Coefficient of Determination): 0.6839
Dependent Variable: Independent War| Adiusted R od 05336
6114 | 6347 | 6,443 23% 29 JUjst -Squgr j _ . 593
VAR3 (VARZ): TIME Multiple R (Multiple Correlation Coefficient): 0.8270
6,160 6,556 6,531 50% 0% =g.LNVART) Standard Error of the Estimates (SEy): 27151.3182
Functions: =g LOGMARZSVARE  ANOVA F Statistic: 75738
6,335 6,362 6,213 52% =29 +-"/LN.LOG LAG (VART.VARS): TIME: F] —
ANOVA p-Value: 0.0177
E10 249 3,370 68% 4 i
2, 3 9| (O Multiple Models e VARZ) TIME
3,328 3,372 3,356 36% 0‘)| Coefficients 160635.1452 14,6540 10150.0451
ﬁ9| Standard Emor  220892.1598 411178 5015.4642
2,000 2,021 2,149 11% t-Statistic 07272 0.3564 20237
p-Value 0.4507 0.7320 0.0827
5261 | 54%0| 5,571 43% 19
2,765 3,044 3,135 247% 3% INTEGER1: Min Max Dependent Variable:
_ _ _ INTEGERZ: Min Max VAR3 Copy
INTEGER3: Min Max Tmes
495 476 457 -16% -4
570 588 570 -39 OK Cancel
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AVG CONTRACT SIZE = a + 3 *WORKFORCE ., + g*TIME

VAR1 VAR2 VAR3 [[ Basic Econometrics — O
Contracts Lag 1 Workforce Avg Size Lag 1 | -
353,698 5,245 $270,721.63 This tool is used to run basic econometric models by first transforming the input vanables before
351,869 5516 $2560,347.99 runni_ng th_e multivariate regressior! analysis. Y-;:u can enter in multiple eoonorr'etric_mode_l
w7 | EEssEm s e s
318,874 6,041 $296,707.02 In the following example. LN(VAR 1) and VAR3 are dependent variables in two models and the
294 389 5,771 $320,602.46 remaining items are independent variables in the two econometric models:
296,188 5,716 5284,034.29 bﬁ‘a‘é’“@aﬁ&‘éﬁ%ﬁ)a‘fﬁ EG?&ITEEQEUALNARB,VAR@
283,740 5,725 $299,133.74
269,250 6,114 5345, 183.80 VARL VAR2 VAR3 ~
276,566 6,347 $395,958.22 353698 5245 270721.627222376
351869 5516 250347.992991284
347871 5001 299101.830947046
318874 6041 296707.020709246
294339 5771 320602.463739916
296188 5716 284034.285885759
hnge 283740 5725 299133.738324593 v
P16 Correlation Coeff|
Contract Amaunt t¢ @ Single Model
:_ ﬁznmtrbaecrtup?rguo:tr:ta‘t; Dependent Variable: Independent Variables:
Z Waorkforce to Avera | VAR3 VARZ TIME
% e.g.. LN(VAR1)
B Correlation Coeffl EE?’?II?NH,SL'DG,L»QG E Econometrics Results O x
= Contract Amount to
% Number of Contracl () multiple Models R-Squared (Coeflicient of Determination): 07831
!ﬁ_ Workforce to Avera | Adjusted R-Sguared: 0.7109
| Multiple R (Multiple Correlation Coefficient): 0.8850
3 Standard Error of the Estimates (SEy): 231531252
] ANOVA F Statistic: 10.8340
- | 1 ANOVA p-Value: 00102
% 6,600 | INTEGERI: Min
I P | Intercept VARZ TIME
5,400 | | INTEGER2: Min | |Cosfficerts 579316076 631889 7272 7303
— - INTEGER3: Min Standard Emor 1938258805 35.8450 4365.7099
¥ 6,200 ] | | t-Statistic -0.5053 1.7628 1.6659
— p-Value 06314 0.1284 0.1468
% £,000
% - Dependent Variable:
o | >80 .0 VAR3 Copy
5 &NN
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AVG CONTRACT SIZE = a + B*LN(WORKFORCE)

VAR1 VAR2 VAR3
Contracts  Workforce Avqg Size | k
362,221 5245 $266,211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5516 $270,721.63|| running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first variable is the
sie ki e dependent variable followed by at least one or more independent vanables separated by semicolons.
347,871 6,041 $299,101.83| |1 the followi ng example, LN{VAR 1) and VAR3 are dependent variables in two models and the
318,874 5,771 $296,707.02] remaining items are independent variables in the two econometric models:
294 389 5716 $32[] 602 46 LN{VAR1): LN{VAR?); VAR_3+VAR4: TIME i
! : ! VAR3: LAG(VARZ.3): DIFF{WAR1); RESIDUAL({VAR3 VAR4]
296,188 5,725 $284,034.29 ! : ) : ' :
283,740 6,114 $293 133.74|| yar1 VARZ VAR3 ~
269,250 6,347 $345183.80| | {352221 5245 266211.142300689
276,566 6443 $395,958. 221 353608 5516 270721.627222376
351869 6001 250347.992991284
269,250 5245 $250,347.99 | | 347571 6041 299101.830947046
362,221 6.443 $335,958.22 | | 315574 5771 296707.020709246
294389 5716 320602.463739916
FY15 FY16 FY17 ;I\rg:l.’:r% ;iirs;a 296188 5725 284034.2855885789 -
@ Single Model Econometrics Results - O x
21,181 | 21,977 | 22,638 )

T - FiEE — - Dependent Variable: Independent /i R-Squared (Coefficient of Determination): 04812
= - : VAR3 LN(VARZ) Adjusted R-Sguared: 0.4164
6,160 6,556 6,531 50% 0% =g LNVART) Multiple R (Multiple Correlation Coefficient): 0.6937

Functions: =g, loGARzsvARy | Standard Error of the Estimates (SEy): 32539.2063
6,335 6,362 6,213 52% 29 +-7/LN.LOG.LAG (VART VAR TIME A ANOVA F Statistic: 74204
2810 | 3209| 3,370| | 68% [ 4% O puttiple Models ANOVA p-Value: e
3,328 | 3,372 | 3,356 36% ogl Intercept LN(VARZ)
E9| Coefficients -3758950.1142  467967.8923
2,000 2,021 2,149 11% Standard Emor  1451108.4501  171791.5203
t-Statistic -2.5209 27240
5261 | 5490 | 5,571 43% | 19 p-Valug 0.0358 0.0261
2,765 3,044 3,135 2479 38 INTEGER1: Min Max
INTEGER2: Min Max Dependent Variable:
- - - . VAR3 Copy
INTEGER3: Min Max
435 476 457 -16% -44 T
570 588 570 -34 oK Cancel

Acquisition Research Program
Graduate School of Business & Public Policy - 36 -
Naval Postgraduate School




AVG CONTRACT SIZE = o + B*LN(WORKFORCE ;)

VAR1 VARZ2 VAR3 E Bas . o O %
_Contracts Lag 1 Workforce Avg Size Lag 1 |
353,698 5,245 $270.721.63 This tool is used to run basic econometric models by first transforming the input variables before
351,869 5516 $260,347.99 running the multivariate regression analysis. You can enter in multiple econometric model
34787+ o T R
318,874 6,041 $296,707.02 In the following example, LN{VAR1) and VAR 3 are dependent vanables in two models and the
294 389 5771 $320,602.46 remaining items are independent variables in the two econometric models:
296,188 5.716 $284,034.29 bﬁ%@kﬂ}aw&%@? 'DYSE{?G-XI;? 1F§4 'RTElg}EUAL{VAFea,VARJ,)
283,740 5725 529913374
269 250 6,114 $345 183.80 VARL VARZ VARZ A
276,566 6,347 $395,958 22 353693 5245 270721.627222376
351869 5516 250347.992991284
347871 6001 289101.830947046
318874 6041 296707.020709246
204389 5771 320602.463732016
206188 5716 284034.285885789
e 283740 5725 299133.738324593 v
Pl 16 Correlation Coeffi

Contract Amount t¢ @ Single Model
Contract Amount t¢
Number of Contrac]
Workforce to Avera  |VAR3 LN{VAR2)

eg. LN(VART)
Correlation Coeffi Functions: 5., LOGVARZ- VAR,

Dependent Variable: Independent Variables:

AREUAR; LAGIVARS ), VARE, RESIDUAL Show Result
RECAST(VARIVARE): DIFF(VARS) RATE(VARS)

Contract Amount t¢ " LN.LOG.LAG e

%

H

% |

% |

pﬁ_ Mumber of Contrac! (7 multiple Models [F] Econometrics Results — O X
— Workforce to Avera

¥

% |

% |

H

R-Squared (Coefficient of Determination): 0.6648
Adjusted R-Sguared: 0.6169
Multiple R (Multiple Correlation Coefficient): 0.8153
| Standard Error of the Estimates (SEy): 26650.1267
5,500 | INTEGERT: Min ANOVA F Statistic: 13,8800
£ 400 | INTEGER2: Min | ANOVA p-Value: 0.0074
— * | INTEGERZ: Min | — NVARD)
i 6200 1 Coefficierts  -4969148.1241 6085777773
% Standard Emor 1416182 2237 163350 6084
. 5,000 ' t-Gatistic: -3.5088 37256
% T T | p-Value 0.0099 0.0074
I 5,800
% (1]
— 5,600 Dependent Variable:
VAR3 Copy
= 5,400
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AVG CONTRACT SIZE = « + B*LN(WORKFORCE) + B*TIME

VAR1 VAR2 VAR3 E - - O -
Contracts  Workforce  Avg Size . I
362,221 5,245 5266,211.14 This tool is used to run basic econometric models by first transforming the input variables before
353,698 5516 $270,721.63| running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first variable is the
otk e 5250’347'9 dependent variable followed by at least one or more independent variables separated by semicolons.
347,871 6.041 $299,101.83 In the following example., LN(VAR1) and WVAR3 are dependent variables in two models and the
318.874 hTT1 $296,707.02| remaining items are independent variables in the two econometric models:
294 389 5716 $320.602.46 LN(VART); LN(VAR2). VAR3+VAR4: TIME
! ' ! WAR3; LAG(WAR2,3); DIFF{VAR1); RESIDUAL(VAR3 VARS]
2961 5,725 $284,034.29 ( ) ’ ) ’ )
283,740 6,114 $239 133.74| | [yary VAR2 VARS ~
269,250 6,347 $345183.80|| (362201 5245 266211.142300689
276.566 6.443 $395.958.271| 353598 5516 270721.627222376
351869 6001 250347,992991284
269,250 5,245 5250.347.99 | |34771 6041 299101,830947046
362,221 6.443 $395,958.22 318874 5771 296707.020709246
294389 5716 320602.463739916
FY15 FY16 FY17 ;&Fﬁ ;.‘,2;3 296188 5725 284034 2R5RASTAY |
) [R] Econometrics Results — O X
(® Single Model
21,181 | 21,977 | 22,638
Dependent Variable: Independent Varl  R-Squared (Coefficient of Determination): 06814
114 347 6,443 Ak -
6 6 y 23% | 2% o0 LN(VARZ); TIME|  Adiusted R-Squared: Lz
6,160 6,556 6,531 50% 0% =g NVART) Multiple R (Multiple Correlation Coefficient): _ 0.8255
Functions: g, LOGVARZ-VART) Standard Error of the Estimates (SEy): 27258.8940
6,335 6,362 6,213 52% =24  +-°/LN.LOGLAG (VARLVARZL TMEF]  ANOWA F Statistic: 7 4366
A A ‘ 0.0182
2810 | 3,29 3,370| | 68% | 4% O Multiple Models ANOVAEalue
3,328 3,372 3,356 369 09 Intercept LN{VAR2Z) TIME
Coefficients -310567.1644  64004.3057 10516.1562
2,000 2,021 2,149 11% B% Standard Emor  2064753.1440 240422 4347 50136412
t-Statistic -0.1504 0.2662 2.0975
5261 5,490 5,571 43% 19 p-Value 0.8847 0.7977 0.0741
2,765 3,044 3,135 247% 3 INTEGER1: Min Max
NTECERT M Dependent Vanable:
INTEGERZ: Min Max e
- - - : VAR3 Copy
INTEGER2: Min Max
435 476 457 -16% —41 F
570 588 570 = ‘* OK Cancel
- - - e N

Acquisition Research Program
Graduate School of Business & Public Policy -38-
Naval Postgraduate School




AVG CONTRACT SIZE = o + B*LN(WORKFORCE 1) + 8+TIME

VAR VAR2 VAR3 E e o O s
Contracts Lag 1 Workforce Avg Size Lag 1 S
353,698 5,245 $270.721.63 This tool is used to run basic econometric models by first transforming the input variables before
351,869 k516 $250,347.99 running the multivariate regression analysis. You can enter in multiple econometric model
specifications to test. Each model is on a new line and within each line, the first variable is the
347,871 6,001 $299,101.83 dependent variable followed by at least one or more independent variables separated by semicolons.
318,874 6,041 $296.707.02 In the following example, LN(V&R1) and VAR3 are dependent variables in two models and the
294 389 5771 5320602 46 remaining items are independent variables in the two econometric models:
’ K : LN(VART); LN(VAR2); VAR3+VARS; TIME
236,188 5,716 $284,034.29 VAR3; LAG(VAR2.3): DIFF(VART); RESIDUAL(VAR3.VARS)
283,740 B,725 $299,133.74
269,250 6,114 5345 183.80 VARL VARZ VAR3 -
276,566 6,347 $395,958.22 353608 5245 270721.627222376
351869 5516 250347.992991284
347871 6001 299101.830947046
318874 6041 296707.020709246
294389 5771 320602.463739916
286188 5716 284034.285885749
ange 283740 5725 299133.738324593 v
P16 Caorrelation Coeff| _
Contract Amount t¢ ® Single Model
¥
’6_ ﬁsnm”biﬁ_to?gg;r:;g Dependent \/ariable: Independent \ariables:
. Workforce to Avera | VAR LN(VARZ): TIME
% 2.0., LN[VART)
o Corrlation Coeff P | S e e e,y [Soow Rt
Contract Amountt¢ " )
- Number of Contrac! () wutiple Models [R] Econometrics Results - O x
— Workforce to Avera 1
O R-Squared (Coefficient of Determination): 07723
3% Adjusted R-Squared: 0.6964
— Multiple R. (Multiple Correlation Coefficient): 0.8788
E | Standard Error of the Estimates (SEy): 23732 3661
% 6,600 | INTEGERT: Min : ANOVA F Statistic: 1%:}:31'33
— 6 400 | INTEGERZ: Min | ANOVAp-Value: :
— o INTEGER3: Min | Intercept LN{VARZ) TIME
% 6,200 | | Coefficients -2744009.1269 347564 3416 7539.0006
— Standard Emor  1826770.8119  212589.4085 4479.1042
% 6,000 | t-Statistic -1.5021 16349 16831
= | | p-Value 0.1338 0.1532 0.1433
J— 5,800
E « Dependent Variatl
5 600 ependent \ariable:
= - e o
— 5 4NN
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