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ABSTRACT 

 

 

Construction is a major industry in the United States.  In 2010, over $506 billion was 

spent in construction and construction-related activity, amounting to over 3.4% of Gross 

Domestic Product (GDP).  $21.2 billion, or 0.6% of federal outlays for 2010 was spent on 

military construction. This accounts for nearly 4% of total construction annually. 

This study examined three variables in the life of an Air Force military construction 

(MILCON) project:  the programmed amount (PA), the contract award (CA), and the final 

current working estimate (CWE).  These variables, respectively, reflect the initial planning 

budget (PA), the actual contractor’s estimate and bid (CA), and the final, actual cost of the 

project to the Air Force (CWE). 

Statistical hypothesis tests showed there is an appreciable difference between each 

variable.  Generally speaking, the PA is higher than the CA, but the CWE approaches the PA at 

end of the project.  The study suggests several reasons for this, including contractor estimate 

errors or “bad faith”, non-inclusion of inflation, and initial estimate inaccuracy. 

The results of this study can be used to better analyze contractors’ bids as well as initial 

budgetary estimates to get a more accurate picture of the cost of a particular MILCON project.
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INTRODUCTION 

 

 

1.1 Construction in the United States 

Construction is a major industry in the United States.  In 2010, over $506 billion was 

spent in construction and construction-related activity, amounting to over 3.4% of Gross 

Domestic Product (GDP) (Department of Commerce, Census Bureau 2011)1.  0.6% of federal 

outlays for 2010 was spent on military construction (MILCON), amounting to $21.2 billion.  

This accounts for nearly 4% of total construction for the year (Ike Skelton National Defense 

Authorization Act for Fiscal Year 2011). 

This study will focus on the change in budgeted and actual cost as the project progresses 

through three phases:  initial planning, contract award, and project completion.  This three-stage 

approach is important, as it affects funds-on-hand and appropriate management of the project. 

First and foremost, comparing the initial “programmed” amount (PA) with the final 

current working estimate at completion (CWE) along with the contract award amount (CA) may 

reveal behavior by contractors and government project managers that is inconsistent with the 

goal of acquiring the project at the best value to the government.  It is important to realize the 

initial PA is submitted as a public record to Congress (Ike Skelton National Defense 

Authorization Act for Fiscal Year 2011).  Thus, the budget is revealed to any potential bidders 

before bidding is open.  It is also more convenient for a government entity to return unused funds 

than to request additional funds, especially in the arena of MILCON.  With money passing 

between organizations (in this case the Air Force and the Army Corps of Engineers or Naval 

Facilities Command), excess money is not cause for complaint; however, the opposite situation 

can result in high level engagement. 

                                                 
1 References in accordance with Turabian 1996. 
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1.2 Background 

1.2.1 MILCON Definition 

Title 10, United States Code, section 2801 defines military construction as “any 

construction, development, conversion or extension of any kind carried out with respect to a 

military installation” (Military Construction 2011).  In Air Force practice, MILCON is limited by 

Air Force Instruction 32-1021, Planning and Programming Military Construction (MILCON) 

Projects, to “construction projects for all types of buildings, roads, airfield pavements, and utility 

systems costing $750,00 or more” (Department of the Air Force 2010)  The goal of a MILCON 

project is to “provide quality facilities to support Air Force missions” and “includes all 

construction work necessary to produce a complete and usable facility or complete and usable 

improvement to an existing facility” (Department of the Air Force 2010). 

1.2.2 Initial Cost Estimating 

Once the need for a project is identified (usually by request from a user of the project), 

the base civil engineer (BCE) is responsible for preparing a Department of Defense (DD) Form 

1391 (see Figure 1) and other documentation to both justify the project and prepare preliminary 

budgetary estimates.  These data are entered by the BCE (or, more often, his subordinates within 

the civil engineer squadron, or CES) into the Air Force-wide Automated Civil Engineering 

System Project Management module (ACES-PM).  Once this is complete, the project is 

considered “initiated.” (Department of the Air Force 2010). 

After initiation, these proposed projects are validated by higher organizations, including 

that particular base’s major command headquarters (MAJCOM) and Headquarters, United States 

Air Force (HQ USAF), as well as local leadership.  All levels of management must be sure this 

proposed project “is the most cost effective means of satisfying the requirements” (Department 

of the Air Force 2010), which is usually done by means of an economic analysis in accordance 

with AFI 65-501, Economic Analysis (Department of the Air Force 2011).   

In order to perform an accurate economic analysis, an accurate project cost estimate must 

be performed.  At this stage, prior to design, cost estimates are extremely preliminary.  The Air 

Force requires adherence to either the Office of the Secretary of Defense (OSD) Pricing Guide  

(Department of Defense 2011), or fully justified with historical cost data, specifically, the Air 
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Force Civil Engineer Support Agency’s (AFCESA) Historical Construction Cost Handbook (Air 

Force Civil Engineering Support Agency 2007) (Department of the Air Force 2010).   

Cost estimates are prepared either at the local or Major Command (MAJCOM) level 

using parametric methods.  The Tri-Service Parametric Cost Engineering System (PACES) is a 

software tool used to prepare these estimates, using a completed requirements document.  

However, policy still requires comparison with the OSD Pricing Guide or the AFCESA 

Historical Cost Handbook (Department of the Air Force 2010).  

These preliminary cost estimates are entered on the DD 1391 (Figure 1).  The DD 1391 

costs are broken out into either primary or supporting facility costs.  Primary costs include the 

Figure 1:  Department of Defense Form (DD) 1391 
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main facility, while supporting facility costs are utilities or transportation features necessary for 

the complete and usable facility.  Additionally, a typical contingency cost of 5% and a 

Supervision, Inspection, and Overhead (SIOH) location-based factor are included.  Finally, for 

design-build projects, 4% design cost is included on the DD 1391, while traditional projects’ 

designs are funded with a separate funding stream (Department of the Air Force 2010). 

1.2.3 Project Validation 

Once individual bases submit their MILCON project requirements, to their respective 

MAJCOMs, each MAJCOM prioritizes, validates, and consolidates its list and forwards to the 

Air Force Civil Engineer Programs Office (AF/A7CP).  AF/A7CP consolidates and presents the 

proposed program to Air Force leadership for approval.  At this point, Air Force leadership may 

adjust or augment the program with additional projects, known as corporate adjustments 

(Department of the Air Force 2010). 

The Air Force as a whole submits a budget for all requested and required MILCON 

projects every two years to the Office of the Secretary of Defense (OSD).  Congress then reviews 

and approves the OSD submission (which includes submissions from the Army, Navy, and 

Marine Corps).  In addition, the Air Force prepares a submission of its projected MILCON 

budget for the coming six years biennially.  This is incorporated into the Future Years Defense 

Program (FYDP) (Department of the Air Force 2010). 

1.2.4 PACES Estimates 

The process of parametric estimating using PACES is described in the 2005 Air Force 

Training Manual for PACES (Earth Tech 2005).  First, the estimator enters descriptive 

information for the project, including location.  The “project,” as defined in this process may 

include multiple facilities.  So, the next step is to enter the first facility.  Each facility must have 

parameters entered for area, stories, and functional space areas (FSAs).  Following this, the user 

may enter optional secondary parameters.  These parameters pertain to FSA density, building 

shell type and density, sustainable design, and tenant usage. 

At this point, the program calculates quantities by assembly based on its internal 

algorithms.  These quantities are displayed in a Work Breakdown Structure (WBS) format.  The 

user can then alter these estimates at the assembly levels (Earth Tech 2005). 
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After the parameters for the primary facilities above are entered and quantities calculated, 

supporting facilities must be estimated.  Supporting facilities include “utilities, site 

improvements, and pavements” (Earth Tech 2005).  Several models are available to estimate 

these, including defining an individual site work model, or just comparing to a similar or 

template project.  Finally, any lump sum requirements and mark-ups (including design costs, 

contingency, and SIOH) are defined, and then the program produces cost reports.  Air Force 

engineer personnel use these reports to complete the DD 1391 (Earth Tech 2005). 

1.2.5 Historical Prices 

At this point, the output from PACES is compared to historical prices.  For example, 

using the 2007 Historical Air Force Construction Cost Handbook, the estimator will first 

determine the category code of the new facility.  Category codes are described in Air Force 

Handbook (AFH) 32-1084, Facility Requirements (Department of the Air Force 2012).  Once the 

appropriate facility description and category code are determined, the estimator will find the 

average cost per unit of the category code.  For example, a 25,000 square foot fire crash rescue 

station, category code 130-142, averages $269.30 per square foot, with a standard deviation of 

52.05.  The typical size averages 29,460 square feet.  The size adjustment factor for the ratio of 

25,000/29,460, or .849, is 1.02.  This results in a unit cost of $274.69, or a total cost of 

$6,867,150.  If this example building is to begin in January 2013, and last 360 days, with a mid-

point of construction in June 2013, the escalation factor is 1.082, giving an adjusted cost of 

$7,430,256.30.  If this facility is to be built at Eglin Air Force Base near Ft Walton, FL, the 

location factor is 0.82, for a new cost of $6,092,810.17.  Supporting facility costs, based on local 

conditions must be added.  For this instance, 100 feet of two-lane concrete arterial road and 100 

feet of 15 kVA direct-bury 3/0 electrical underground is all that is required, for a  cost of 

$28,800.  Finally, a 5% contingency, 5.7% supervision, inspection, and overhead (SIOH) for an 

Army Corps of Engineers-managed project are added, for a cost of $6,794,069.05, which rounds 

to the nearest $100,000, or $6,800,000 (Air Force Civil Engineering Support Agency 2007).  See 

Table 1. 
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Table 1:  Historical Pricing Summary (Costs, Factors, and Category Codes from Air Force Civil Engineering Support Agency 2007) 

Item Cost or Factor 

Square Foot Cost, 

25,000 square foot fire crash rescue station 

Category Code 130-142 

$269.30 

Size Adjustment Factor 

25,000/29,460 = .849 

1.02 ($269.30) (25,000) = $6,867,150 

Midpoint of Construction: June 2013 1.082 ($6,867,150) = $7,430,256.30 

Location Factor 

Eglin Air Force Base, FL = 0.82 

0.82 ($7,430,256.30) = $6,092,810.17 

Supporting Facilities Cost 

  100 ft of two-lane concrete arterial road 

  100 ft of 15 kVA direct-bury 3/0 underground 

$28,800 

Contingency = 5% 

SIOH = 5.7% 

1.057 (1.05) ($6,092,810.17 + $28,800) 

= $6,794,069.05 

Round to nearest $100,000 $6,800,000 

 
 

1.2.6 Requirements Documents 

Critical to a good programming estimate is an accurate and complete requirements 

document (RD).  The RD, also known as a customer concept document (CCD) in the USAF 

Project Managers’ Guide for Design and Construction, is prepared before initiating actual, 

formal design.  It is used to validate the scope and costs on the DD 1391 for projects submitted to 

Congress on a document called the Future Years Development Plan (FYDP) that are most likely 

to be approved in the upcoming two years.  Because the initial DD 1391 amount was prepared up 

to four years prior, it is possible that the original facility user has departed or requirements have 

changed.  Thus, the RD re-convenes all interested party once approval and construction are 

imminent and generates buy-in by ensuring all known requirements and costs are included.  It 

also attempts to identify any unforeseen issues, such as required utilities sitings or upgrades (Air 

Force Center for Engineering and the Environment 2007). 

Interested and involved parties to an RD development meeting include the project 

manager, the user, any retained design professionals (engineers, architects, and estimators), 
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MAJCOM representatives, fire department personnel, environmental personnel, community 

planners, and security personnel (Air Force Center for Engineering and the Environment 2007). 

The RD produced by this meeting, or charette, is far from a single, simple document.  

Rather, it will likely result in an updated DD 1391, an environmental summary form (AF Form 

813 shown in Figure 2), an approved site plan, a design narrative, a cost estimate summary, and 

an acquisition strategy (i.e., design-build, or traditional) (Air Force Center for Engineering and 

the Environment 2007).  

 
 

 
Figure 2: Air Force Form 813 

 

1.2.7 Congressional Approval 

Once the DD 1391 is re-validated, the project is submitted to HQ USAF through the 

base’s respective MAJCOM.  The Air Force, as mentioned previously, consolidates all of the DD 
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1391s and submits its complete program to OSD, which combines it with the other services’ and 

submits a complete MILCON budget to Congress.  Congress reviews, adjusts, and alters the 

program, and includes approved and funded projects in that year’s National Defense 

Authorization Act.  The funding for MILCON projects is valid for five years (Department of the 

Air Force 2010). 

1.3 Contract Bid and Award 

1.3.1 Contractors’ Bids 

Contractors may use any number of methods to arrive at the estimates used in the bid 

process.  According to Ricketts 2004, estimating techniques include parametric, unit-price, or 

crew-development techniques. 

Parametric estimates use the same algorithm used by the government PACES program 

discussed above.  Taking into account the components that comprise the largest portion of 

project cost, this technique relies on data from experience, standard tables, or even proprietary 

tables.  Such proprietary tables would include data from the contractor’s past efforts, and would 

be frequently updated (Ricketts 2004). 

Unit-price estimating uses databases of unit prices for various types of work items.  The 

quantities set forth in the bid documents would be multiplied by these unit prices (Ricketts 

2004).  Various standard unit-price data sources exist, including RS Means 2012.  Contractors 

may also maintain their own data, in order to optimize their bids based on working relationships 

and favorable prices with specific subcontractors and material suppliers. 

Crew-development estimating determines the costs based on crews and equipment 

required for each element of construction as well as the required timeline.  Thus, whereas a three 

person crew with two items of equipment is normally sufficient for seven day completion of a 

particular task, an accelerated three day schedule may require six laborers and an additional 

piece of equipment.  The normal unit-price would be adjusted to account for additional labor cost 

and any required overtime or rental costs (Ricketts 2004). 

1.3.2 Bid Award 

A complete discussion of all of the elements of Federal Acquisition Regulation (FAR) 

bid award procedures is beyond the scope of this research, a brief discussion is warranted.   
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Contracts are governed by, first, the FAR.  Second, the Department of Defense (DoD) 

supplement to the FAR (DFARS) is applied.  Next, the service-specific supplement, depending 

on which organization (Army Corps of Engineers, Naval Facilities Command, or Air Force 

Center for Engineering and the Environment) is managing the project, is applied.  These service-

specific supplements are the AFARS for the Army, AFFARS for the Air Force, and NMFARS 

for the Navy-Marine Corps. 

The FAR and its supplements, and specifically Part 36, Construction and Architect-

Engineer Contracts, require certain methods to advertise potential contracts.  In the typical 

sealed-bid process (Construction and Architect-Engineer Contracts 2012), the contractor must 

register to be qualified.  This includes an evaluation of past performance (Contract 

Administration and Audit Services 2012).  Second, the contract must be announced prior to 

solicitation and then solicited for a set time on a “Governmentwide (sic) point of entry)” 

(currently the website FedBizOps.gov) (Construction and Architect-Engineer Contracts 2012). 

As the requiring organization prepares to advertise the project, it prepares an initial 

government estimate (likely more detailed than the estimate for the programmed amount).  An 

estimate range is included in the advertisement (specifically, under $25 thousand, between $25 

and 100 thousand, between $250 and 500 thousand, between $500 thousand and 1 million, 

between $1 and 5 million, between $5 and 10 million, and greater than $10 million) 

(Construction and Architect-Engineer Contracts 2012). 

Additionally, the solicitation is required to include any cost limitations (Construction and 

Architect-Engineer Contracts 2012).  With MILCON projects, the projects are approved at the 

programmed amount by Congress in the defense appropriations bills.  The law generally allows 

for 25% over the approved and appropriated amount (Administration of Military Construction 

and Military Family Housing 2011). 

Solicitations, or invitations for bid (IFBs), must include a wage determination (e.g., 

Davis-Bacon wage applicability), performance of work, magnitude of project, period of 

performance, site inspection procedures, government furnished facilities, pre-bid conference 

information, special qualifications, and special instructions for bidding or reporting 

(Construction and Architect-Engineer Contracts 2012). 

After bids are received, at the end of the advertisement period, the sealed bids are opened 

and reviewed for reasonableness.  The project is then awarded to the lowest qualified bidder.  
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The payment scheme is normally either cost-plus-fee or firm-fixed-price contract.  The 

government favors firm-fixed-price contracts in construction either on a lump-sum basis or on a 

unit-price basis (Construction and Architect-Engineer Contracts 2012).  Cost-plus-fee, or “cost-

reimbursement” contracts are only allowed when requirements are not sufficiently definable, or 

uncertainties exist that make a government cost-estimate unreliable (Types of Contracts 2012). 

Finally, in addition to the traditional design-bid-build methods above, design-build 

procedures may be used when more than three offers are expected, the design work necessary to 

prepare a bid is substantial, and several other considerations including suitability and time 

constraints of the project (Construction and Architect-Engineer Contracts 2012). 

 

1.4 Literature Review 

While there are many publications and reports related to project construction costs, this 

thesis presents in the following section articles most directly related to the issue at hand. 

1.4.1 Incentives versus Transaction Costs: A Theory of Procurement Contracts (Bajari and 

Tadelis 2001) 

This paper formulates a model analyzing incentives in construction contracts, showing 

differences between cost-plus contracts and fixed-price.  Specifically, preference for cost-plus 

contracts increases with the complexity of the project     The author next offers data on the 

construction environment in the country, including employment figures (4.7 million direct 

workers), work scope ($528 billion in 1992), and number of firms (2 million in 1992).  As of 

1997, according to the author’s information, construction was 8% of United States gross 

domestic product.  He also covers different types of contract vehicles and processes.  He 

completes this section with a discussion of change orders, leading to his assertion that ex post 

changes are the rule rather than the exception. 

Next, in the main body of the article, the authors set forth a mathematical model, 

assigning variables to factors such as expected utility of the buyer and expected profits of the 

seller.  These variables are acted upon the initial contract, change orders, and renegotiations. 

The result of this work is a model illustrating a fundamental problem of procurement 

contracting, namely, the tradeoff between transaction costs due to changes, and incentives to 

reduce costs.  The authors state that evidence from private construction as well as defense 
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construction is consistent with the model.  Their final conclusion was that, although government 

procurement is guided almost solely by fixed-price contracts, complex and uncertain contracts 

are better governed by cost plus arrangements. 

1.4.2 Estimation of Cost Contingency for Air Force Construction Projects (Thal, Jr, Cook 

and White, III 2010) 

Thal et al used regression analysis order to determine recommended contingency values 

(essentially an upper limit of a confidence interval on a cost estimate) as opposed to using an 

across-the-board value (typically 5%).  In their study, the authors acknowledge the difficulty of 

identifying the probability distributions for the cost components.  They limited their sample to 

completed MILCON-level construction projects.  The data were taken from the Automated Civil 

Engineer System-Project Management module (ACES-PM), the Air Force-level project 

database, limiting projects to those completed before 2005.  After filtering the projects, they had 

a pool of 243 projects, before selecting a random sample of 25.   Through ANOVA and visual 

inspection, the authors established dependent and independent variables, grouping the 

independent variables project characteristics, design performance indicators, and contract award 

process indicators. 

The result of his research was a multiple-regression model that produced project-specific 

contingency values, rather than relying on a prescribed value for every project, regardless of 

parameters. 

1.4.3. Public Procurement Design: Lessons From the Private Sector (Tadelis 2012) 

The author suggests using more varied methods to award public projects than just fixed 

price, openly competed bids.  He suggested negotiating cost-plus contracts to eliminate after-

award haggling and changes, as well as taking advantage of a varied field of expertise, rather 

than fostering secretive competition.  He stated “economizing on ex post transaction costs is an 

important potential source of cost savings and this may outweigh the benefits of competitive 

bidding.” 
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1.4.4. Underestimating Costs in Public Works Projects:  Error or Lie? (Flyvbjerg, Holm 

and Buhl 2002) 

 Flyvbjerg et al (2002) used a sample of 343 projects that were narrowed down based on 

data availability and quality.  The authors attempted to determine whether errors in large 

transportation projects were the result of deliberate misrepresentation or simple error.  They 

found with a high degree of significance, that 9 out of 10 transportation projects had 

underestimated costs.  These discrepancies varied from 20% (road projects) to 45% (rail 

projects).  They show these errors to be worldwide, based on the distribution of sources of data 

(20 countries on 5 continents).  Based on statistical analyses, the authors found that “cost 

underestimation cannot be explained by error.”  They suggest “strategic misrepresentation” to be 

the source because “cost underestimation has not decreased over the past 70 years.” 
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METHODS 

 

 

2.1 Data Collection 

2.1.1 ACES Data 

The author collected data on Air Force MILCON projects from 2004 to 2010.  The source 

of these data was the Air Force Civil Engineer Data System-Project Management module, a 

centralized program management database, containing every construction project in the US Air 

Force (Herndon 2012).  The initial list contained 1,434 projects.  First, these data were filtered to 

include only “traditional” MILCON projects; projects that were P-341, housing MILCON, 

Medical MILCON, and other non-traditional funding streams were excluded in order to control 

for the external pressures exerted by different levels of urgency, accountability systems, or 

management goals.  Next, projects that were not marked as “historical” or “complete” in the 

status column were excluded.  Obviously, if the project is not complete, it cannot be favorably 

compared to a complete project.  Finally, projects that were not situated in the continental United 

States (i.e., lower 48 states and the District of Columbia) were removed from the sample, to 

account for different contract and construction environments overseas.  The final sample 

consisted of 407 projects.  The population means and variances are treated as unknowns. 

2.1.1 Data Point Selection 

The author selected three cost values, representing three distinct cost estimates within the 

life of the project.  The first value, the programmed amount (PA), is the amount determined 

based on authorized square footage, usage, and several other parameters in accordance with 

Unified Facility Criteria (UFC) 3-730-01 (Department of Defense 2011).  This is the value 

submitted to Congress in the MILCON budget for approval and funding.  The second value, the 

contract award amount (CA), is the amount proposed by the contractor selected to proceed with 

construction of the project.  This value is provided by the contractor, according to his/her 

standard methods, and is assumed to be a detailed/line-item cost estimate.  The final value, the 

current working estimate at completion (CWE), is the final amount submitted for payment from 

the contractor to the government. 
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2.2 Hypotheses Tests 

2.2.1 Test of Population Means 

To begin, the author tested the hypotheses that the sample data represented the true 

population data.  Using a t-test (Ostle and Mensing 1975), the author tested the sample means of 

each value (i.e., PA, CA, and CWE) against the hypotheses that the means were actually 5 

percent higher or lower.  The results are summarized in the Table 2. 

 
 

Table 2: T-test showing population means likely within 5% of sample means (currency in thousands of dollars) 

Null Hypothesis, H Alternative Hypothesis, A 
Test statistic, 

t 

Critical 

Region 
Conclusion 

µPA ≤ 0.95(X̅PA) 

=0.95∙$10,618.64 

=$10,087.70 

µPA > $10,087.70 1.164 1.196 
Do not reject 

H 

µPA ≥ 1.05(X̅PA) 

=1.05∙$10,618.64 

=$11,149.57 

µPA < $11,149.57 -1.164 -1.196 
Do not reject 

H 

µPA ≤ 0.95(X̅CA) 

=0.95∙$9,602.34 

=$9,122.23 

µPA >  $9,122.23 1.162 1.196 
Do not reject 

H 

µPA ≥ 1.05(X̅CA) 

=1.05∙$9,602.34 

=$10,082.46 

µPA < $10,082.46 -1.162 -1.196 
Do not reject 

H 

µPA ≤ 0.95(X̅CWE) 

=0.95∙$10,329.67 

=$9,813.19 

µPA > $9,813.19 1.175 1.196 
Do not reject 

H 

µPA ≥ 1.05(X̅CWE) 

=1.05∙$10,329.67 

=$10,846.15 

µPA < $10,846.15 -1.175 -1.196 
Do not reject 

H 

 
 

It is safe to say, with 95% confidence, the sample means are within 5% of the true 

population means for each statistic. 
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2.2.2 Test of Population Variances 

Next, the author tested whether the sample variances were close to the population 

variances.  To do this, a Chi-squared test was employed (Ostle and Mensing 1975) as in 

Appendix B, with a test statistic�2 = ∑ (�� − ��)2 �02⁄��=1 .  The results are summarized in Table 

3. 

 
 

Table 3:  Chi-squared test showing sample variances likely equal to sample variances (currency in thousands of dollars) 

Null Hypothesis, H 
Alternative 

Hypothesis, A 
Test statistic, χ2 

Critical Region Conclusion 

σPA
2=$9,201.062 σPA

2≠$9,201.062 404.63 
χ2≤352.07, 
χ2≥463.72 

Do not reject H 

σCA
2=$8,332.532 σCA

2≠$8,332.532 404.46 
χ2≤352.07, 
χ2≥463.72 

Do not reject H 

σCWE
2=$8,866.352 σCWE

2≠$8,866.352 404.55 
χ2≤352.07, 
χ2≥463.72 

Do not reject H 

 
 

It is safe to say, with 95% confidence, the sample variances are equal to the population 

variances. 

2.3 Relationships between Variables 

Observation of the data showed that the average PA was higher than the average CA, 

which, in turn, was lower than the average CWE.  CWE was observed to be very close to PA, 

although slightly less. 

The author proposed three statistical tests to describe the relationships between the three 

variables, with hypotheses as shown in Table 4. 

 
 

Table 4:  Hypotheses for relationships between variables PA, CA, and CWE. 

Test Null Hypothesis, H Alternative Hypothesis, A 

1 PA≤CA PA>CA 

2 CA≥CWE CA<CWE 

3 PA=CWE PA≠CWE 
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2.3.1 Paired T-test For Difference of Means 

To test these hypotheses, the author used a paired t-test (Ostle and Mensing 1975), as 

shown in Appendix C, to compare the means of two dependent normal populations.  The author 

began with the assumption that the data were normally distributed, based on central limit theory.  

Furthermore, it was assumed that the populations were dependent, with the CA within an order 

of magnitude of the PA, and the CWE within an order of magnitude of the CA. 

First, the difference (D) between each pair of data points is calculated.  For test 1, 

D1i=PAi-CAi, where i is a specific data point from 1 to n, where, for these samples, n=407 for the 

number of data points in the sample.  For test 2, D2i=CAi-CWEi, and for test 3, D3i=PAi-CWEi.  

The mean and standard deviation for each D value is calculated as well, and is recorded as D̅1, 

D̅2, and D̅3, and sD1, sD2, and sD3, respectively.  These results are shown in Table 5. 

 
 

Table 5:  Values for paired t-test of difference between means (all currency in thousands of dollars) 

Test Mean difference, D̅ Standard deviation, sD 

1:  CA-PA -$1,016.29 1,745.97 

2:  CWE-CA $727.32 726.43 

3:  CWE-PA -$288.97 1,507.40 

 
 

For each test, the test statistic t is calculated, where 

� =
√�����  

The test statistics for each test, as well as the results for each test, considering a 

significance of 0.05 and 406 degrees of freedom, are in Table 6. 

 
 

Table 6:  Results of tests of difference of means (all currency in thousands of dollars). 

Test 
Null 

Hypothesis, H 

Alternative 

Hypothesis, A 
Test statistic, t Critical Region Result 

1 PA≤CA PA>CA 11.7430 t≥t(1-.05)(407-1)=1.6486 Reject H 

2 CA≥CWE CA<CWE -20.1992 t≤ -t(1-.05)(407-1)=-1.6486 Reject H 

3 PA=CWE PA≠CWE 3.8674 
t≤ -t(1-.05/2)(407-1)=-1.9658 or t≥ 

t(1-.05/2)(407-1)=-1.9658 
Reject H 
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Because the null hypothesis for Test 3 is rejected, the author conducted two one-tailed 

tests, to determine whether PA is most likely more than CWE, or less.  The results are in Table 7. 

 
 

Table 7: Determination of relationship between PA and CWE (all currency in thousands of dollars). 

Test 
Null 

Hypothesis, H 
Alternative 

Hypothesis, A 
Test statistic, t Critical Region Result 

3a PA≤CWE PA>CWE 3.8674 
t≥t(1-.05)(407-

1)=1.6486 
Reject H 

3b PA≥CWE PA<CWE 3.8674 
t≤ -t(1-.05)(407-1)=-

1.6486 
Do not reject H 

 
 

The results above show, with a significance of 0.05, the initial programmed amount (PA) 

is greater than the awarded contract amount (CA), the awarded contract amount (CA) is less that 

the final working estimate (CWE), and the final working estimate (CWE) is less that the initial 

programmed amount (PA). 

2.3.2 Sample Size and Type I/II Errors 

In order to validate these results, the author used Appendix 10 (Table 8) from Ostle and 

Mensing (1975) to determine the actual required sample size for a significance level of 0.05.  As 

can be shown from Table 8, it is possible, with α=0.05, to obtain β=0.01 with a sample size of 

104.  In other words, the probability of a Type I error, based on these tables, given a sample size 

of 407 (i.e., much larger than 104), is less than 0.05, and the probability of a Type II error, given 

a difference, δ=|μ-µ0|=0.25σ, is less than 0.5, and the probability of a Type II error, given a 

difference, δ=|μ-µ0|=0.6σ, is less than 0.1.  For each of the three tests, this is summarized in 

Table 9. 

For the probabilities of Type II error, β, on Test 1 and Test 3, the author elected to use the 

higher β, as the lower values provided possible deviations from the actual mean of over 

$500,000.  Accepting the higher power would increase the probability of accepting H when it is 

false, possibly resulting in the requisition of additional, unnecessary funding to award a contract, 

diverting it from other, more urgent requirements. 
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Table 8:  Number of observations for t-test of difference between two means (Ostle and Mensing 1975). 

 
 
 
Table 9:  Alpha, beta, and power values for tests of differences of mean (all currency in thousands of dollars) 

Test 
α:  Probability of 

Type I; significance 

β:  Probability of Type II for 
δ<0.25σ 

β:  Probability of Type II for 
δ<0.6σ 

Power:  

1-β 

1 (PA-
CA) 

0.05 <.5 (δ=.25x1745.97=$436.49) <.1 (δ=.6x1745.97=$1,047.58) 0.5 

2 (CA-
CWE) 

0.05 <.5 (δ=.25x726.43=$181.61) <.1 (δ=726.43=$435.86) 0.9 

3 (PA-
CWE) 

0.05 <.5 (δ=.25x1507.40=$376.58) <.1 (δ=.6x1507.40=$904.44) 0.5 

0.01 0.05 0.1 0.2 0.5 0.01 0.05 0.1 0.2 0.5 0.01 0.05 0.1 0.2 0.5 0.01 0.05 0.1 0.2 0.5

0.05 0.05

0.10 0.10

0.15 0.15

0.20 137 0.20

0.25 124 88 0.25

0.30 123 87 61 0.30

0.35 110 90 64 102 45 0.35

0.40 85 70 100 50 108 78 35 0.40

0.45 118 68 101 55 105 79 39 108 86 62 28 0.45

0.50 96 55 106 82 45 106 86 64 32 88 70 51 23 0.50

0.55 101 79 46 106 88 68 38 87 71 53 27 112 73 58 42 19 0.55

0.60 101 85 67 39 90 74 58 32 104 74 60 45 23 89 61 49 36 16 0.60

0.65 87 73 57 34 104 77 64 49 27 88 63 51 39 20 76 52 42 30 14 0.65

0.70 100 75 63 50 29 90 66 55 43 24 76 55 44 34 17 66 45 36 26 12 0.70

0.75 88 66 55 44 26 79 58 48 38 21 67 48 39 29 15 57 40 32 23 11 0.75

0.80 77 58 49 39 23 70 51 43 33 19 59 42 34 26 14 50 35 28 21 10 0.80

0.85 69 51 43 35 21 62 46 38 30 17 52 37 31 23 12 45 31 25 18 9 0.85

0.90 62 46 39 31 19 55 41 34 27 15 47 34 27 21 11 40 28 22 16 8 0.90

0.95 55 42 35 28 17 50 37 31 24 14 42 30 25 19 10 36 25 20 15 7 0.95

1.00 50 38 32 26 15 45 33 28 22 13 38 27 23 17 9 33 23 18 14 7 1.00

1.1 42 32 27 22 13 38 28 23 19 11 32 23 19 14 8 27 19 15 12 6 1.1

1.2 36 27 23 18 11 32 24 20 16 9 27 20 16 12 7 23 16 13 10 5 1.2

1.3 31 23 20 16 10 28 21 17 14 8 23 17 14 11 6 20 14 11 9 5 1.3

1.4 27 20 17 14 9 24 18 15 12 8 20 15 12 10 6 17 12 10 8 4 1.4

1.5 24 18 15 13 8 21 16 14 11 7 18 13 11 9 5 15 11 9 7 4 1.5

1.6 21 16 14 11 7 19 14 12 10 6 16 12 10 8 5 14 10 8 6 4 1.6

1.7 19 15 13 10 7 17 13 11 9 6 14 11 9 7 4 12 9 7 6 3 1.7

1.8 17 13 11 10 6 15 12 10 8 5 13 10 8 6 4 11 8 7 5 1.8

1.9 16 12 11 9 6 14 11 9 8 5 12 9 7 6 4 10 7 6 5 1.9

2.0 14 11 10 8 6 13 10 9 7 5 11 8 7 6 4 9 7 6 4 2.0

2.1 13 10 9 8 5 12 9 8 7 5 10 8 6 5 3 8 6 5 4 2.1

2.2 12 10 8 7 5 11 9 7 6 4 9 7 6 5 8 6 5 4 2.2

2.3 11 9 8 7 5 10 8 7 6 4 9 7 6 5 7 5 5 4 2.3

2.4 11 9 8 6 5 10 8 7 6 4 8 6 5 4 7 5 4 4 2.4

2.5 10 8 7 6 4 9 7 6 5 4 8 6 5 4 6 5 4 3 2.5

3.0 8 6 6 5 4 7 6 5 4 3 6 5 4 4 5 4 3 3.0

3.5 6 5 5 4 3 6 5 4 4 5 4 4 3 4 3 3.5

4.0 6 5 4 4 5 4 4 3 4 4 3 4 4.0

Value of D=δ/σ

α=0.05
α=0.1

Level of t Test

0.02 0.05 0.10.01

α=0.005
α=0.01

α=0.01
α=0.02

α=0.025
α=0.05

β=
Double-sided Test

Single-sided Test
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2.3.3 Test for Normality 

Visual inspection of histograms for each variable, as well as comparing the cumulative 

distribution to the expected cumulative distribution for a normal function shows the data to be 

not normally distributed and skewed to the right.  These plots are shown in Figure 3, Figure 4, 

and Figure 5.   

 
 

 
Figure 3: Histogram and cumulative probability plot for PA as compared to normal data (all currency in thousands of dollars) 
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Figure 4: Histogram and cumulative probability plot for CA as compared to normal data (all currency in thousands of dollars) 

 
 

 
Figure 5: Histogram and cumulative probability plot for CWE as compared to normal data (all currency in thousands of dollars) 
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To quantitatively determine normality, the author performed Geary’s test of normality, as 

shown in Appendix D (DeVore 1982).  In this test, the variable U is defined by: 

� =
��/2∑ |�� − ��| �⁄��=1�∑ (�� − ��)2 �⁄��=1  

Given the null hypothesis, H (the underlying distribution is normal) and the alternative 

hypothesis, A (the underlying distribution is not normal), U is compared to the test statistic Z, 

defined as: 

� =
� − 1

. 2661 √�⁄  

The critical (or rejection) region, where H would be rejected is defined as the region 

where Z ≤ -zα/2 or Z ≥ zα/2.  For a significance of .05, the critical values are ±1.96.  The results are 

summarized in Table 10. 

 
 

Table 10:  Results of Geary's test for normality. 

 
 

Although the data are shown to be not normal, the author believes that, if the sample size 

were to increase sufficiently, the data would approach a normal distribution, in accordance with 

the Central Limit Theory (Ostle and Mensing 1975), so this research will proceed with treating 

the data as normal. 

2.3.4 Verification of Dependency 

In order to show that the variables are dependent and validate the use of linear regression 

analysis, the author performed a Chi-squared test, shown in Appendix E (Walpole, et al. 2012).  

The procedure was conducted three times (PA vs. CA, CA vs. CWE, and PA vs. CWE).  For 

each test, the null hypothesis, H, for each test is independence.  The respective values for each 

project were input into a contingency table category based on the size of the two values.  These 

Variable U value Z value Result 

PA 0.8676 -10.04 Reject H (data not normal) 

CA 0.8627 -10.41 Reject H (data not normal) 

CWE 0.8660 -10.16 Reject H (data not normal) 
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value frequencies were grouped into classes of 10,000.  These observed frequency contingency 

tables are shown in Table 11, Table 12, and Table 13. 

 
 

Table 11:  Frequency contingency table for dependency of CA on PA (all currency in thousands of dollars). 

      PAs 

CAs 

$0-

9999 

$10000-

19999 

$20000-

29999 

$30000-

39999 

$40000-

49999 

$60000-

70000 

Grand 

Total 

$0-9999 246 22     268 

$10000-

19999 

2 90 11    103 

$20000-

29999 

 1 20 3   24 

$30000-

39999 

   5 1  6 

$40000-

49999 

    4  4 

$50000-

59999 

     1 1 

$60000-

70000 

     1 1 

Grand 

Total 

248 113 31 8 5 2 407 

 
 
Table 12:  Frequency contingency table for dependency of CWE on CA (all currency in thousands of dollars). 

CAs 

CWEs 

$0-

9999 

$10000-

19999 

$20000-

29999 

$30000-

39999 

$40000-

49999 

$50000-

59999 

$60000-

70000 

Grand 

Total 

$0-9999 253       253 

$10000-

19999 

15 97      112 

$20000-

29999 

 6 21     27 

$30000-

39999 

  3 6    9 

$40000-

49999 

    4   4 

$60000-

70000 

     1 1 2 

Grand 

Total 

268 103 24 6 4 1 1 407 
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Table 13:  Frequency contingency table for dependency of CWE on PA (all currency in thousands of dollars). 

PAs 

CWEs 

$0-

9999 

$10000-

19999 

$20000-

29999 

$30000-

39999 

$40000-

49999 

$60000-

70000 

Grand 

Total 

$0-9999 241 12     253 

$10000-

19999 

7 96 9    112 

$20000-

29999 

 5 20 2   27 

$30000-

39999 

  2 6 1  9 

$40000-

49999 

    4  4 

$60000-

70000 

     2 2 

Grand 

Total 

248 113 31 8 5 2 407 

 
 

From these observed value tables, the author constructed expected value tables.  The 

expected frequency for each cell was calculated as 

� =
∑� × ∑�∑�  

where e is the expected frequency, Σr is the row sum from the observed table, Σc is the column 

sum from the observed table, and ΣT grand total of all projects. 

The test statistic, χ2 is calculated as 

�2 = � (�� − ��)2���=1  

and compared to the critical value χ2
(α)( υ), where � = (� − 1)(� − 1) 

and r is the number of rows, and c is the number of columns.  The results are listed in Table 14. 
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Table 14:  Results of Chi squared dependency tests. 

Test χ2
 Α Υ χ2

(α)(υ) Result 

1 1465 0.05 30 18.49 
Reject H:  

variables likely 
dependent 

2 1697 0.05 25 14.61 
Reject H:  

variables likely 
dependent 

3 1435 0.05 25 14.61 
Reject H:  

variables likely 
dependent. 

 
 

2.3.5 Regression Analyses 

After establishing each test consists of dependent variables, the author proceeded with a 

regression analysis.  The author determined the best fit lines for each test after first setting the 

intercept equal to 0.  The results are graphically depicted in Figure 6, Figure 7, and Figure 8, and 

summarized in Table 15. 

 
 

 
Figure 6:  Plot of PA vs. CA (all currency in thousands of dollars) 
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Figure 7:  Plot of CA vs. CWE (all currency in thousands of dollars) 

 
 

 

Figure 8:  Plot of PA vs. CWE (all currency in thousands of dollars) 
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Table 15:  Summary of regression values. 

Test Slope, b1 R
2 

1: PA vs. CA 0.8989 0.9700 

2: CA vs. CWE 1.0701 0.9966 

3:  PA vs. CWE 0.9633 0.9732 

 
 

The slopes, b1, represent estimated ratios between the costs.  In Test 1, b1 represents the 

ratio of CA to PA.  In Test 2, b1 is the ratio of CWE to CA, and in Test 3, it is the ratio of CWE 

to PA.  These values potentially give the ability to predict likely cost contraction or growth 

between the three different phases of the project. 

In order to test whether these values likely represent true ratios, the author performed a 

hypothesis test as in Appendix F (Walpole, et al. 2012) using the test statistic 

� =
�1 − �10� ����⁄  

where  

��� = �(�� − �̅)(�� − ���
�=1 ) 

and  

�2 = � (�� − ���)2� − 2
= ���� − �1���� − 2

�
�=1

�
�=1  

The calculated t values are compared to the student’s t distribution to determine a P 

value, representing the significance (α) of the test.  Results are shown in Table 16. 
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Table 16:  Results of t-test to determine likely ratios between variables. 

Test 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Sxx Syy-b1Sxy S t d.o.f P Result 

1: 

PA 

vs. 

CA 

b1≥0.92 b1<0.92 3.0448x1010 8.3976 x108 1439.96 -2.56 405 0.015 
Reject 
H for 

α=.05 

2: 

CA 

vs. 

CWE 

b1≤1.06 b1>1.06 2.9736x1010 1.0764 x108 515.54 3.38 405 0.001 
Reject 
H for 

α=.05 

3:  

PA 

vs. 

CWE 

b1≥0.98 b1<0.98 3.2458x1010 8.48,83x108 1447.72 -2.08 405 0.046 
Reject 
H for 

α=.05 

 
 

Given the test results above, it is safe to say the probable ratios between the costs are: 

CA: PA<0.92 

CWE: CA>1.06 

CWE: PA<0.98 

2.3.6 Analysis of Specific Parameters 

The author analyzed relationships between PA, CA, and CWE for several specific 

parameters, specifically, the projects’ state, construction agent, Major Command (MAJCOM), 

and delivery method (traditional or design-build). 

2.3.6.1 State analysis.  After counting the number of projects for each state, the author took five 

of the highest states, being careful to select from different regions of the country.  California (33 

projects), was selected from the western region, Ohio (17 projects) from the northeast region, 

Florida (43 projects) from the southeast region, Texas (34 projects) from south-central region, 

and Colorado (18 projects) from the central region. 
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Table 17:  Number of projects by state. 

State No. of Projects State No. of Projects 

ALABAMA 4 MONTANA 3 

ARIZONA 16 NEBRASKA 5 

ARKANSAS 8 NEVADA 20 

CALIFORNIA 33 NEW JERSEY 4 

COLORADO 18 NEW MEXICO 16 

DELAWARE 7 NEW YORK 4 

DISTRICT OF COLUMBIA 3 NORTH CAROLINA 10 

FLORIDA 43 NORTH DAKOTA 9 

GEORGIA 18 OHIO 17 

IDAHO 3 OKLAHOMA 13 

ILLINOIS 6 OREGON 4 

INDIANA 1 PENNSYLVANIA 0 

KANSAS 3 SOUTH CAROLINA 16 

KENTUCKY 1 SOUTH DAKOTA 5 

LOUISIANA 5 TENNESSEE 2 

MARYLAND 8 TEXAS 34 

MASSACHUSETTS 4 UTAH 18 

MINNESOTA 4 VIRGINIA 9 

MISSISSIPPI 20 WASHINGTON 3 

MISSOURI 6 WYOMING 4 

 
 
After selecting the five states, the author conducted t-tests as in Appendix A (Ostle and Mensing 

1975) to determine if each state’s sample mean was significantly (α=0.05) different from the 

total sample mean.  The results are shown in Table 18 below. 

For all five states considered, the test failed to reject the null hypothesis, which shows 

that, at a 0.05 significance level, the sample mean for each state is equal to the sample mean for 

the entire sample of 407 projects. 
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Table 18: 2-tailed t-tests for equality of state means with total sample mean at α=0.05 (all currency in thousands of dollars). 

State n X̅ S Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Test 

statistic, 

t
 

Critical 

Region 
Conclusion 

California 33 

X̅PA= 
$11,593.50 

SPA= 

$11,521.67 

μPA= 

$10,618.64 
μPA≠ 

$10,618.64 0.4861 ±2.037 
Do not 
reject H 

X̅CA= 
$11,642.33 

SCA= 

$10,795.29 

μCA= 

$9,602.34 

μCA≠ 

$9,602.34 
1.0856 ±2.037 

Do not 
reject H 

X̅CWE= 
$12,463.09 

SCWE= 

$11,521.14 

μCWE= 

$10,329.67 

μCWE≠ 

$10,329.67 
1.0637 ±2.037 

Do not 
reject H 

Colorado 18 

X̅PA= 
$11,567.22 

SPA= 

$5,495.05 

μPA= 

$10,618.64 

μPA≠ 

$10,618.64 
0.7324 ±2.110 

Do not 
reject H 

X̅CA= 
$10,909.56 

SCA= 

$4,817.06 

μCA= 

$9,602.34 

μCA≠ 

$9,602.34 
1.1513 ±2.110 

Do not 
reject H 

X̅CWE= 
$11,661.33 

SCWE= 

$5,085.49 

μCWE= 

$10,329.67 

μCWE≠ 

$10,329.67 
1.1110 ±2.110 

Do not 
reject H 

Florida 43 

X̅PA= 
$13,452.95 

SPA= 

$14,968.84 

μPA= 

$10,618.64 

μPA≠ 

$10,618.64 
1.2416 ±2.018 

Do not 
reject H 

X̅CA= 
$12,066.77 

SCA= 

$13,363.99 

μCA= 

$9,602.34 

μCA≠ 

$9,602.34 
1.2092 ±2.018 

Do not 
reject H 

X̅CWE= 
$13,002.49 

SCWE= 

$14,391.50 

μCWE= 

$10,329.67 

μCWE≠ 

$10,329.67 
1.2179 ±2.018 

Do not 
reject H 

Ohio 17 

X̅PA= 
$10,029.65 

SPA= 

$7,159.13 

μPA= 

$10,618.64 

μPA≠ 

$10,618.64 
-0.3392 ±2.120 

Do not 
reject H 

X̅CA= 
$9,404.24 

SCA= 

$7,320.95 

μCA= 

$9,602.34 

μCA≠ 

$9,602.34 
-0.1116 ±2.120 

Do not 
reject H 

X̅CWE= 
$10,120.82 

SCWE= 

$7,813.99 

μCWE= 

$10,329.67 

μCWE≠ 

$10,329.67 
-0.1102 ±2.120 

Do not 
reject H 

Texas 34 

X̅PA= 
$11,593.50 

SPA= 

$10,085.62 

μPA= 

$10,618.64 

μPA≠ 

$10,618.64 
0.5636 ±2.035 

Do not 
reject H 

X̅CA= 
$10,340.12 

SCA= 

$8,548.72 

μCA= 

$9,602.34 

μCA≠ 

$9,602.34 
0.5032 ±2.035 

Do not 
reject H 

X̅CWE= 
$11,077.41 

SCWE= 

$9,130.53 

μCWE= 

$10,329.67 

μCWE≠ 

$10,329.67 
0.4775 ±2.035 

Do not 
reject H 

 
 
2.3.6.2 Construction agent analysis.  Because most (339 out of 407) MILCON projects are 

managed either by the Army Corps of Engineers (COE), Naval Facilities Command (NAVFAC), 

or the Air Force Center for Engineering and the Environment (AFCEE), the author categorized 

the projects by construction agent.  The results of t-tests, as in Appendix A, are shown in Table 

19 below. 
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Table 19: 2-tailed t-tests for equality of construction agent means with total sample mean at α=0.05 (all currency in thousands of dollars). 

Agent n X̅ S 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Test 

statistic, 

t
 

Critical 

Region 
Conclusion 

COE 279 

X̅PA= 
$11,149.18 

SPA= 

$9,332.82 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 0.9495 ±1.969 
Do not 
reject H 

X̅CA= 
$10,052.19 

SCA= 

$8,371.46 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
0.8976 ±1.969 

Do not 
reject H 

X̅CWE= 
$10,827.93 

SCWE= 

$8,973.65 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
0.9275 ±1.969 

Do not 
reject H 

NAVFAC 53 

X̅PA= 
$10,398.89 

SPA= 

$9,380.13 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
-0.1706 ±2.007 

Do not 
reject H 

X̅CA= 
$9,548.91 

SCA= 

$8,716.43 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
-0.0446 ±2.007 

Do not 
reject H 

X̅CWE=$10,331.83 
SCWE= 

$9,105.78 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
0.0017 ±2.007 

Do not 
reject H 

AFCEE 7 

X̅PA= 
$19,611.29 

SPA= 

$17,050.40 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
1.3954 ±2.447 

Do not 
reject H 

X̅CA= 
$18,730.86 

SCA= 

$16,388.59 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
1.4734 ±2.447 

Do not 
reject H 

X̅CWE= 
$19,401.00 

SCWE= 

$16,924.42 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
1.4181 ±2.447 

Do not 
reject H 

Other 68 

X̅PA= 
$7,687.41 

SPA= 

$6,237.20 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
-3.8754 ±1.996 reject H 

X̅CA= 
$6,858.59 

SCA= 

$5,453.00 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
-4.1492 ±1.996 reject H 

X̅CWE= 
$7,349.82 

SCWE= 

$5,796.15 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
-4.2394 ±1.996 reject H 

 
 
The t-tests failed to disprove the null hypotheses in all cases except “Other”, meaning the sample 

means for each of the three main construction agents were equal to the overall sample mean at a 

0.05 significance level, while when a non-conventional construction agent was used, the means 

were different at the 0.05 significance level.  Table 20 shows that the means for all variables for 

the “Other” construction agent category are significantly below the means for the entire sample.  

This may indicate only smaller projects do not use the traditional three construction agents. 
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Table 20:  1-tailed t-tests showing whether means for other construction agents are below or above total means at α=0.05 (all currency in 
thousands of dollars) 

Construction 

Agent 
n X̅ S 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, A 

Test 

statistic, t
 

Critical 

Region 
Conclusion 

Other 68 

X̅PA= 
$7,687.41 

SPA= 

$6,237.20 

μPA≤ 
$10,618.64 

μPA> 
$10,618.64 

-3.8754 
 

1.668 
Do not 
reject H 

μPA≥ 

$10,618.64 

μPA< 
$10,618.64 

-1.668 Reject H 

X̅CA= 
$6,858.59 

SCA= 

$5,453.00 

μCA≤ 
$9,602.34 

μCA> 
$9,602.34 

-4.1492 
1.668 

Do not 
reject H 

μCA≥ 

$9,602.34 

μCA< 
$9,602.34 

-1.668 Reject H 

X̅CWE= 
$7,349.82 

SCWE= 

$5,796.15 

μCWE≤ 
$10,329.67 

μCWE> 
$10,329.67 

-4.2394 
1.668 

Do not 

reject H 

μCWE≥ 

$10,329.67 

μCWE< 
$10,329.67 

-1.668 Reject H 

 
 
2.3.6.3 MAJCOM analysis.  Finally, the projects were broken out by Major Command 

(MAJCOM).  The MAJCOM by which the projects were sorted was the requesting MAJCOM.  

Several projects were requested by units that are members of one MAJCOM, but are tenants on a 

base controlled by another MAJCOM.  From the author’s personal experience, in these 

situations, the MAJCOM of the requesting unit is the main advocate for the project, and thus has 

the greater influence on the PA submitted for approval. 

The author selected the five MAJCOMs with the largest amount of projects.  They were 

(in descending order) Air Combat Command (ACC), Air Education and Training Command 

(AETC), Air Force Materiel Command (AFMC), Air Mobility Command (AMC), and Air Force 

Reserve Command (AFRC).  Air Force Space Command, Air Force Special Operations 

Command, and Air Force Global Strike Command, Air Force District of Washington, Air Force 

Academy, and Headquarters, Air Force are included in the “Other” category. 

 The breakout of the top five MAJCOMs, with the rest grouped into an “Other” category 

is in Table 21. 
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Table 21: 2-tailed t-tests for equality of MAJCOM means with total sample mean at α=0.05 (all currency in thousands of dollars) 

MAJCOM n X̅ S 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, A 

Test 

statistic, t
 

Critical 

Region 
Conclusion 

ACC 98 

X̅PA= 
$10,570.77 

SPA= 

$7,626.66 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 -0.0621 ±1.9847 
Do not 
reject H 

X̅CA= 
$9,541.94 

SCA= 

$7,046.99 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
-0.0849 ±1.9847 

Do not 
reject H 

X̅CWE= 
$10,827.93 

SCWE= 

$7,445.10 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
-0.0628 ±1.9847 

Do not 
reject H 

AETC 81 

X̅PA= 
$12,023.89 

SPA= 

$10,566.02 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
1.1970 ±1.9901 

Do not 
reject H 

X̅CA= 
$10,869.81 

SCA= 

$9,188.31 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
1.2415 ±1.9901 

Do not 
reject H 

X̅CWE= 
$11,666.33 

SCWE= 

$9,898.10 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
1.2154 ±1.9901 

Do not 
reject H 

AFMC 56 

X̅PA= 
$13,082.70 

SPA= 

$10,560.77 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
1.7460 ±2.0040 

Do not 
reject H 

X̅CA= 
$11,836.36 

SCA= 

$9,622.46 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
1.7374 ±2.0040 

Do not 
reject H 

X̅CWE= 
$12,678.43 

SCWE= 

$10,259.88 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
1.7131 ±2.0040 

Do not 
reject H 

AMC 55 

X̅PA= 
$10,615.53 

SPA= 

$11,284.45 

μPA= 
$10,618.64 

μPA≠ 
$10,618.64 

-0.0020 ±2.0049 
Do not 
reject H 

X̅CA= 
$ 9,571.42 

SCA= 

$10,341.80 

μCA= 
$9,602.34 

μCA≠ 
$9,602.34 

-0.0222 ±2.0049 
Do not 
reject H 

X̅CWE= 
$10,338.40 

SCWE= 

$11,018.67 

μCWE= 
$10,329.67 

μCWE≠ 
$10,329.67 

0.0059 ±2.0049 
Do not 
reject H 

AFRC 50 

X̅PA= 
$5,607.26 

SPA= 

$4,089.91 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
-8.6642 ±2.0096 Reject H 

X̅CA= 
$ 5,170.84 

SCA= 

$ 3,828.05 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
-8.1857 ±2.0096 Reject H 

X̅CWE= 
$ 5,605.68 

SCWE= 

$ 4,143.79 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
-8.0611 ±2.0096 Reject H 

Other 67 

X̅PA= 
$10,672.64 

SPA= 

$7,988.85 

μPA= 
$10,618.64 

μPA≠ 
$10,618.64 

0.0553 ±1.9966 
Do not 
reject H 

X̅CA= 
$ 9,623.63 

SCA= 

$ 7,426.35 

μCA= 
$9,602.34 

μCA≠ 
$9,602.34 

0.0235 ±1.9966 
Do not 
reject H 

X̅CWE= 
$10,337.87 

SCWE= 

$ 7,731.51 

μCWE= 
$10,329.67 

μCWE≠ 
$10,329.67 

0.0087 ±1.9966 
Do not 
reject H 

 
 
This analysis shows that the means are significantly accurate regardless of the MAJCOM owning 

the project, except in the case of AFRC.  Using the same data, but splitting the two-tailed test 

above into two one-tailed tests (Table 22), show the average PA, CA, and CWE for AFRC are 
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smaller than the sample as a whole.  This may indicate AFRC gets smaller MILCONs approved, 

as they often share facilities with active-duty units. 

 
 
Table 22:  1-tailed t-tests showing whether means for AFRC are below or above total means at α=0.05 (all currency in thousands of dollars) 

MAJCOM n X̅ S 
Null 

Hypothesis, H 

Alternative 

Hypothesis, A 

Test 

statistic, t
 

Critical 

Region 
Conclusion 

AFRC 50 

X̅PA= 
$5,607.26 

SPA= 

$4,089.91 

μPA≤ 
$10,618.64 

μPA> 
$10,618.64 

-8.6642 

1.6766 
Do not reject 

H 

μPA≥ 

$10,618.64 

μPA< 
$10,618.64 

-1.6766 Reject H 

X̅CA= 
$5,170.84 

SCA= 

$3,828.05 

μCA≤ 
$9,602.34 

μCA> 
$9,602.34 

-8.1857 
1.6766 

Do not reject 
H 

μCA≥ 

$9,602.34 

μCA< 
$9,602.34 

-1.6766 Reject H 

X̅CWE= 
$5,605.68 

SCWE= 

$4,143.79 

μCWE≤ 
$10,329.67 

μCWE> 
$10,329.67 

-8.0611 
1.6766 

Do not 

reject H 

μCWE≥ 

$10,329.67 

μCWE< 
$10,329.67 

-1.6766 Reject H 

 
 
2.3.6.3. Delivery Method.  All but four of the 407 projects were executed either by design-build 

or traditional (design-bid-build) methods.  The results of t-tests, as in Appendix A, are shown in 

Table 23 below.  Because there were only four projects that did not fall into the two categories 

above, these projects were not analyzed or tested; the sample size was deemed too small. 

 
 
Table 23: 2-tailed t-tests for equality of construction agent means with total sample mean at α=0.05 (all currency in thousands of dollars). 

Method n X̅ S 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, A 

Test 

statistic, t
 

Critical 

Region 
Conclusion 

Traditional 221 

X̅PA= 
$9,464.15 

SPA= 

$8,973.84 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 -1.9125 ±1.9708 
Do not 
reject H 

X̅CA= 
$8,615.19 

SCA= 

$8,068.45 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
-1.8188 ±1.9708 

Do not 
reject H 

X̅CWE= 
$9,313.32 

SCWE= 

$8,654.41 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
-1.7458 ±1.9708 

Do not 
reject H 

Design- 
Build 

182 

X̅PA= 
$12,134.48 

SPA= 

$9,320.00 
μPA= 

$10,618.64 
μPA≠ 

$10,618.64 
2.1942 ±1.9732 Reject H 

X̅CA= 
$10,940.24 

SCA= 

$8,521.09 
μCA= 

$9,602.34 
μCA≠ 

$9,602.34 
2.1182 ±1.9732 Reject H 

X̅CWE= 
$11,718.53 

SCWE= 

$8,992.32 
μCWE= 

$10,329.67 
μCWE≠ 

$10,329.67 
2.0836 ±1.9732 Reject H 
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Table 24:  1-tailed t-tests showing whether means for Design-Build projects are below or above total means at α=0.05 (all currency in thousands 
of dollars) 

Method n X̅ S 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, A 

Test 

statistic, t
 

Critical 

Region 
Conclusion 

Design- 
Build 

182 

X̅PA= 
$12,134.48 

SPA= 

$9,320.00 

μPA≤ 
$10,618.64 

μPA> 
$10,618.64 

2.1942 

1.6533 Reject H 

μPA≥ 

$10,618.64 

μPA< 
$10,618.64 

-1.6533 
Do not reject 

H 

X̅CA= 
$10,940.24 

SCA= 

$8,521.09 

μCA≤ 
$9,602.34 

μCA> 
$9,602.34 

2.1182 
1.6533 Reject H 

μCA≥ 

$9,602.34 

μCA< 
$9,602.34 

-1.6533 
Do not reject 

H 

X̅CWE= 
$11,718.53 

SCWE= 

$8,992.32 

μCWE≤ 
$10,329.67 

μCWE> 
$10,329.67 

2.0836 
1.6533 Reject H 

μCWE≥ 

$10,329.67 

μCWE< 
$10,329.67 

-1.6533 
Do not reject 

H 

 
 
The t-tests failed to disprove the null hypotheses in the traditional delivery method, but rejected 

the null hypothesis for design-build, meaning the sample means for the traditional delivery 

method were equal to the overall sample mean at a 0.05 significance level. But, when design-

build methodology was used, the means were different at the 0.05 significance level.  Table 24 

shows that the means for design-build are greater than the sample as a whole at the 0.05 

significance level.  This indicates that the average cost of a design-build project exceeds the 

average project cost for the complete sample of 407 projects. 

2.3.6.4. Regression analysis by parameter.  The author conducted regression analyses as 

described in Appendix F on the three parameters above to test whether the regression coefficients 

were significantly different than the original sample of 407 projects.  The regression plots are 

shown in Figure 9, Figure 10, Figure 11, and Figure 12.  Values are summarized in Table 25, 

Table 26, Table 27, and Table 28. 
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Figure 9:  Regression by state 

 
 

 
Figure 10:  Regression by construction agent 
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Figure 11:  Regression by MAJCOM 

 
 

 
Figure 12:  Regression results by delivery method. 
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Table 25: Regression values by state 

State Test Slope, b1 R
2 

California 

1:  PA vs. CA 0.9277 0.9924 

2:  CA vs. CWE 1.0688 0.9990 

3:  PA vs. CWE 0.9919 0.9930 

Colorado 

1:  PA vs. CA 0.9294 0.9665 

2:  CA vs. CWE 1.0668 0.9992 

3:  PA vs. CWE 0.9913 0.9626 

Florida 

1:  PA vs. CA 0.892 0.9888 

2:  CA vs. CWE 1.0769 0.9988 

3:  PA vs. CWE 0.9617 0.9922 

Ohio 

1:  PA vs. CA 0.9622 0.9783 

2:  CA vs. CWE 1.0729 0.9994 

3:  PA vs. CWE 1.0326 0.9791 

Texas 

1:  PA vs. CA 0.8689 0.9744 

2:  CA vs. CWE 1.0699 0.9994 

3:  PA vs. CWE 0.9299 0.9750 

 
 
Table 26: Regression values by construction agent 

State Test Slope, b1 R
2 

AFCEE 

1:  PA vs. CA 0.9565 0.9948 

2:  CA vs. CWE 1.0345 1.0000 

3:  PA vs. CWE 0.9897 0.9952 

CoE 

1:  PA vs. CA 0.8946 0.9722 

2:  CA vs. CWE 1.0746 0.9980 

3:  PA vs. CWE 0.9624 0.9754 

NAVFAC 

1:  PA vs. CA 0.9169 0.9700 

2:  CA vs. CWE 1.0626 0.9880 

3:  PA vs. CWE 0.9789 0.9783 

Other CA 

1:  PA vs. CA 0.9124 0.9673 

2:  CA vs. CWE 1.0774 0.9978 

3:  PA vs. CWE 0.9829 0.9639 

 
  



38 
 

Table 27:  Regression values by MAJCOM. 

State Test Slope, b1 R
2 

ACC 

1:  PA vs. CA 0.904 0.9628 

2:  CA vs. CWE 1.0686 0.9910 

3:  PA vs. CWE 0.9689 0.9700 

AETC 

1:  PA vs. CA 0.8836 0.9692 

2:  CA vs. CWE 1.0745 0.9982 

3:  PA vs. CWE 0.9505 0.9726 

AFMC 

1:  PA vs. CA 0.9057 0.9914 

2:  CA vs. CWE 1.0691 0.9994 

3:  PA vs. CWE 0.9684 0.9912 

AMC 

1:  PA vs. CA 0.9064 0.9874 

2:  CA vs. CWE 1.0712 0.9962 

3:  PA vs. CWE 0.9728 0.9904 

AFRC 

1:  PA vs. CA 0.9204 0.9596 

2:  CA vs. CWE 1.0833 0.9986 

3:  PA vs. CWE 0.9968 0.9573 

Other MAJCOM 

1:  PA vs. CA 0.8977 0.9176 

2:  CA vs. CWE 1.0614 0.9962 

3:  PA vs. CWE 0.9545 0.9201 

 
 
Table 28:  Regression values by delivery method. 

Method Test Slope, b1 R
2 

Traditional 

1:  PA vs. CA 0.9003 0.9774 

2:  CA vs. CWE 1.0759 0.9952 

3:  PA vs. CWE 0.9706 0.9822 

Design-Build 

1:  PA vs. CA .9001 0.9635 

2:  CA vs. CWE 1.0649 0.9982 

3:  PA vs. CWE 0.9592 0.9655 

 
 
Comparing the regression coefficients for these specific parameters with the original 

sample of 407, using the technique from Walpole (2012), reveals only one parameter with a 

significant difference at a 0.05 significance level:  the PA to CA rate of change of projects 

managed by the Army Corps of Engineers.  The slope of this best-fit line is 0.8946, and because 

the n value is 279, this value is considered significant. 

If the significance level is increased to α=0.10, the PA vs. CA rates of change for projects 

in Air Education and Training Command (AETC) (0.8836) and Traditional delivery method 

(0.9003) differ from the original sample of 407 projects. 
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Parameters with differences significant at the α=0.15 level are the b1 values for PA vs. 

CA (0.8920) for Florida; the b1 values for PA vs. CA (0.8689) and PA vs. CWE (0.9299) for 

Texas; the PA vs. CWE values for the Corps of Engineers (0.9624); and the PA vs. CA values 

for Design-Build delivery method (.9001). 

Although using α=0.10 or 0.15 is different than the α=0.05 significance level used in 

other statistical tests in this thesis, these values are noted because they are noticeably less than 

the typical P values, which exceed 0.20, and generally approach 0.40. 

These hypothesis tests are shown in Table 29, Table 30, Table 31, and Table 32. 

 
 
Table 29: Regression hypothesis test by states 

State Test 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Sxx Syy-b1Sxy s t d.o.f P 

CA 

1: PA vs. CA b1≥0.92 b1<0.92 3.965E+09 2.827E+07 954.87 0.51 31 0.347 

2: CA vs. CWE b1≤1.06 b1>1.06 3.978E+09 2.173E+08 2647.29 0.21 31 0.387 

3: PA vs. CWE b1≥0.98 b1<0.98 4.233E+09 6.737E+07 1474.16 0.53 31 0.343 

CO 

1:PA vs. CA b1≥0.92 b1<0.92 4.439E+08 1.320E+07 908.42 0.22 16 0.383 

2: CA vs. CWE b1≤1.06 b1>1.06 4.163E+08 6.839E+07 2067.38 0.07 16 0.392 

3: PA vs. CWE b1≥0.98 b1<0.98 4.682E+08 2.441E+07 1235.13 0.20 16 0.385 

FL 

1:PA vs. CA b1≥0.92 b1<0.92 8.355E+09 8.313E+07 1423.93 -1.80 41 0.081 

2: CA vs. CWE b1≤1.06 b1>1.06 8.073E+09 6.711E+08 4045.77 0.38 41 0.369 

3: PA vs. CWE b1≥0.98 b1<0.98 9.013E+09 1.667E+08 2016.53 -0.86 41 0.272 

OH 

1:PA vs. CA b1≥0.92 b1<0.92 8.311E+08 1.851E+07 1110.73 1.10 15 0.212 

2: CA vs. CWE b1≤1.06 b1>1.06 9.151E+08 4.951E+07 1816.74 0.21 15 0.383 

3: PA vs. CWE b1≥0.98 b1<0.98 8.870E+08 3.104E+07 1438.60 1.09 15 0.213 

TX 

1:PA vs. CA b1≥0.92 b1<0.92 2.812E+09 6.167E+07 1388.24 -1.95 32 0.062 

2: CA vs. CWE b1≤1.06 b1>1.06 2.575E+09 3.818E+08 3453.99 0.15 32 0.392 

3: PA vs. CWE b1≥0.98 b1<0.98 3.005E+09 9.112E+07 1687.44 -1.63 32 0.107 
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Table 30: Regression hypothesis test by construction agent 

Cons 

Agt 
Test 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Sxx Syy-b1Sxy s t d.o.f P 

AFCEE 
 

1: PA vs. CA b1≥0.92 b1<0.92 1.672E+09 8.292E+06 1287.76 1.16 5 0.186 

2: CA vs. CWE b1≤1.06 b1>1.06 1.664E+09 3.527E+07 2655.81 -0.39 5 0.347 

3: PA vs. CWE b1≥0.98 b1<0.98 1.727E+09 1.317E+07 1623.25 0.25 5 0.366 

CoE 
 

1:PA vs. CA b1≥0.92 b1<0.92 2.142E+10 5.420E+08 1398.86 -2.66 277 0.012 

2: CA vs. CWE b1≤1.06 b1>1.06 2.086E+10 2.451E+09 2974.37 0.71 277 0.310 

3: PA vs. CWE b1≥0.98 b1<0.98 2.300E+10 8.129E+08 1713.08 -1.56 277 0.119 

NAVFAC 
 

1:PA vs. CA b1≥0.92 b1<0.92 4.188E+09 1.182E+08 1522.11 -0.13 51 0.393 

2: CA vs. CWE b1≤1.06 b1>1.06 4.104E+09 3.369E+08 2570.12 0.06 51 0.396 

3: PA vs. CWE b1≥0.98 b1<0.98 4.395E+09 1.577E+08 1758.71 -0.04 51 0.397 

Other CA 

1:PA vs. CA b1≥0.92 b1<0.92 2.195E+09 1.584E+08 1549.04 -0.23 66 0.387 

2: CA vs. CWE b1≤1.06 b1>1.06 2.115E+09 4.260E+08 2540.57 0.31 66 0.378 

3: PA vs. CWE b1≥0.98 b1<0.98 2.326E+09 2.286E+08 1861.01 0.08 66 0.396 

 
 
Table 31: Regression hypothesis test by MAJCOM 

MAJCOM Test 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Sxx Syy-b1Sxy s t d.o.f P 

ACC 
 

1: PA vs. CA b1≥0.92 b1<0.92 5.115E+09 1.795E+08 1367.58 -0.84 96 0.280 

2: CA vs. CWE b1≤1.06 b1>1.06 5.067E+09 6.290E+08 2559.75 0.24 96 0.387 

3: PA vs. CWE b1≥0.98 b1<0.98 5.425E+09 2.494E+08 1611.83 -0.51 96 0.349 

AETC 
 

1:PA vs. CA b1≥0.92 b1<0.92 7.653E+09 2.076E+08 1621.26 -1.96 79 0.059 

2: CA vs. CWE b1≤1.06 b1>1.06 7.269E+09 9.597E+08 3485.48 0.35 79 0.373 

3: PA vs. CWE b1≥0.98 b1<0.98 8.257E+09 3.000E+08 1948.64 -1.38 79 0.154 

AFMC 
 

1:PA vs. CA b1≥0.92 b1<0.92 5.565E+09 4.318E+07 894.20 -1.19 54 0.194 

2: CA vs. CWE b1≤1.06 b1>1.06 5.428E+09 4.627E+08 2927.26 0.23 54 0.387 

3: PA vs. CWE b1≥0.98 b1<0.98 5.933E+09 1.049E+08 1393.88 -0.64 54 0.322 

AMC 
 

1:PA vs. CA b1≥0.92 b1<0.92 6.262E+09 7.274E+07 1171.54 -0.92 53 0.259 

2: CA vs. CWE b1≤1.06 b1>1.06 6.142E+09 4.278E+08 2841.09 0.31 53 0.378 

3: PA vs. CWE b1≥0.98 b1<0.98 6.682E+09 1.304E+08 1568.43 -0.38 53 0.370 

AFRC 

1:PA vs. CA b1≥0.92 b1<0.92 7.515E+08 2.902E+07 777.60 0.01 48 0.397 

2: CA vs. CWE b1≤1.06 b1>1.06 7.768E+08 9.253E+07 1388.40 0.47 48 0.355 

3: PA vs. CWE b1≥0.98 b1<0.98 8.125E+08 4.300E+07 946.49 0.51 48 0.348 

Other 
MAJCOM 

1:PA vs. CA b1≥0.92 b1<0.92 3.751E+09 3.001E+08 2148.77 -0.64 65 0.324 

2: CA vs. CWE b1≤1.06 b1>1.06 3.784E+09 6.174E+08 3082.05 0.03 65 0.397 

3: PA vs. CWE b1≥0.98 b1<0.98 3.913E+09 3.383E+08 2281.38 -0.70 65 0.310 
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Table 32: Regression hypothesis test by delivery method 

Method Test 

Null 

Hypothesis, 

H 

Alternative 

Hypothesis, 

A 

Sxx Syy-b1Sxy s t d.o.f P 

Traditional 
 

1: PA vs. CA b1≥0.92 b1<0.92 1.575E+10 3.233E+08 1214.93 -2.04 219 0.051 

2: CA vs. CWE b1≤1.06 b1>1.06 1.533E+10 1.481E+09 2600.06 0.76 219 0.299 

3: PA vs. CWE b1≥0.98 b1<0.98 1.694E+10 5.089E+08 1524.34 -0.80 219 0.288 

Design-
Build 

 

1:PA vs. CA b1≥0.92 b1<0.92 1.411E+10 4.798E+08 1632.69 -1.96 180 0.140 

2: CA vs. CWE b1≤1.06 b1>1.06 1.386E+10 1.635E+09 3014.17 0.35 180 0.391 

3: PA vs. CWE b1≥0.98 b1<0.98 1.491E+10 6.286E+08 1868.73 -1.38 180 0.158 
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RESULTS AND DISCUSSION 

 

 

3.1 Overall 

Many conclusions can be drawn from the data.  The most important is the change in cost 

from programmed amount (PA) to contract award amount (CA) to final current working estimate 

(CWE).  Hypothesis testing of the means show that CA is less than both PA and CWE. 

3.1.1 Regression Results 

Regression analysis shows the average ratio of CA to PA is less than 0.92, while the ratio 

of CWE to PA is much closer to unity at under 0.98.  Hypothesis tests show the significance of 

these values to be significant to 3.4% and 2.2%, respectively.  The ratio of CWE compared to 

CA is greater than 1.06.  The interesting point about this value is its significance of 0.007%.  

Furthermore, the R2 value of the best fit line is 0.9966, rather larger than the other two R2 values 

of 0.9700 for CA to PA and 0.9736 for CWE to PA.  This belies a stronger tendency to cluster 

around a 1.06 ratio for CWE:CA than the tendency of the other two ratios to cluster around their 

respective slopes. 

The very low regression slope of 0.8946 for PA vs. CA for projects managed by the 

Army Corps of Engineers may reflect the vast project management experience in that 

organization.  This experience is certainly reflected in its percentage of this sample (279/407 = 

68.6%).  The cause would be worth further study.  However, the final PA vs. CWE slope is 

0.9624, which is only lower than the total sample’s slope of 0.98 at a significance level of 

α=0.119, greater than the typical α=0.05.  This relationship shows the ratio of PA to CWE is 

significantly the same in relation to the final cost as with any other construction agent (i.e., 

AFCEE or NAVFAC).  Furthermore, the slope of the CA vs. CWE line is 1.0746, which is 

significantly equal to the 1.06 value of the sample as a whole, meaning the Corps project 

management does not produce any smaller cost growth than normal. 

The differing PA vs. CA slopes for Texas (0.8680) and Florida (0.892) and PA vs. CWE 

for Texas (0.9299) show that there may be trends in bases those states which affect the initial 
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programmed amount.  These states are also the two states which have the most projects (43 for 

Florida and 34 for Texas).  However, the project with the third-highest, California, had slopes 

very close to the national average (PA vs. CA of 0.9277, CA vs. CWE of 1.0688, and PA vs. 

CWE of 0.9919), with P values for those hypothesis tests of 0.347, 0.387, and 0.343, 

respectively.  Perhaps bases in those states are more conservative in their estimates.  

Furthermore, 23 of Texas’ 34 projects, or 67.6% and 13 of Florida’s 43 projects, or 38.2% (either 

a majority or plurality in each state) are Air Education and Training Command projects. 

The slope of PA vs. CA for Air Education and Training Command (AETC-0.8836) may 

reflect a difference in skill, experience, or leadership in that MAJCOM, which results in 

programmed amounts more reflective of the actual contractors’ bids.  However, it is interesting 

to note the slope of CA vs. CWE is essentially the same as other MAJCOMs (1.0745) and a PA 

vs. CWE slope (0.9505) that can only be considered lower than other MAJCOMs to the 0.159 

significance level.  One should also note a plurality of 36 of AETC’s 81 projects, or 44%, are in 

either Texas or Florida. 

Both traditional and Design-Build delivery methods have rates of change that are lower 

than the likely b1 value of the total sample of 407 projects.  The traditional method has a lower P 

value (.051) than Design-Build (0.14).  This makes it more likely that the rate of change is lower 

than the likely value for the sample as a whole (0.92).  But, as neither P values is below an 

α=0.05, it is difficult to say conclusively what impact the delivery method has.   

3.1.2. Contractor Underestimation 

A possible explanation for the overall differences between programmed amounts and 

contract award amounts is in the Air Force programming guidance.  The manual UFC 3-730-01 

suggests a contingency percentage of 5% for medium-complexity projects (Department of 

Defense 2011).  However, the Air Force guidance simply prescribes 5% for all new construction 

(Air Force Civil Engineering Support Agency 2007).  Furthermore, the programming documents 

(the aforementioned DD 1391s) for all MILCON projects are consolidated by each military 

service and forwarded to Congress for funding.  These documents include government 

programmed amounts.  The documents are then included in the annual defense funding bill (Ike 

Skelton National Defense Authorization Act for Fiscal Year 2011 2011), making them a public 



44 
 

record.  Therefore, it is possible to neglect this amount in the project bid, and then recoup it 

through change orders as the project progresses.  Government project managers may overlook 

such change orders, as they do not exceed the available contingency. 

3.1.3. Producers’ Price Index 

Another explanation involves inflation.  Data is available from the Bureau of Labor 

Statistics for month-by-month increases in the inflation metric known as the Producer Price 

Index (PPI).  The PPI is defined by the Bureau of Labor Statistics as “a family of indexes that 

measures the average change over time in the selling prices received by domestic producers of 

goods and services” (Department of Labor, Bureau of Labor Statistics 2012). The average days-

in-construction for the sample is 600 days (20 months).  The average contract period of 

performance is 498 days (16.6 months).  When the month-over-month percent change in PPI 

shown in Table 34  (Department of Labor, Bureau of Labor Statistics 2002-2012) is added for a 

rolling 20 month period, the average is 9.0%.  However, when it is added for a rolling 16 month 

period, the average is 6.1% (Table 35).  So it may be that inflation is intentionally or 

unintentionally disregarded when bidding, but requests for payment based on expended funds 

necessarily do include inflation.  Again, cost increases may not be noticed, as long as the project 

stayed within allowable contingency. 

 
 

Table 33:  Producers' Price Index by month from 2002 through 2012 (Department of Labor, Bureau of Labor Statistics 2002-2012) 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

2002 138.0 137.9 138.4 138.9 138.8 138.9 139.0 139.3 139.4 139.3 138.9 138.8 138.8 

2003 139.3 140.1 140.4 140.3 140.3 140.5 141.1 141.4 142.5 142.7 143.0 142.8 141.2 

2004 144.1 146.0 148.0 150.2 152.2 152.1 152.8 154.6 155.6 156.7 156.4 155.8 152.0 

2005 157.8 159.4 161.0 161.9 161.5 162.5 163.8 164.6 167.5 169.9 167.4 168.1 163.8 

2006 170.6 170.6 172.1 174.6 176.2 177.4 178.4 179.0 176.7 175.4 175.3 175.7 175.2 

2007 175.8 176.7 178.7 180.5 181.9 182.0 183.2 181.8 182.2 182.1 184.5 183.9 181.1 

2008 185.1 186.2 189.5 192.2 196.5 200.1 204.1 203.7 204.8 199.5 193.8 189.3 195.4 

2009 189.3 187.3 186.2 186.4 187.2 188.4 187.4 189.3 188.8 188.2 189.3 189.6 188.1 

2010 191.9 191.8 194.3 196.4 197.6 196.0 195.7 196.3 196.0 197.0 197.8 199.1 195.8 

2011 201.4 203.3 207.2 210.0 211.8 211.6 212.5 211.1 211.6 210.3 210.2 209.5 209.2 

2012 210.9 212.2 214.5 215.4 214.5 213.3 212.0 213.8      
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Table 34:  Calculated percent change in PPI for rolling 20 month period. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2002 -- -- -- -- -- -- -- -- -- -- -- -- 

2003 -- -- -- -- -- -- -- 0.024 0.032 0.034 0.033 0.028 

2004 0.038 0.050 0.088 0.101 0.113 0.114 0.096 0.108 0.111 0.113 0.109 0.105 

2005 0.118 0.127 0.214 0.217 0.207 0.212 0.137 0.143 0.151 0.153 0.124 0.113 

2006 0.115 0.116 0.185 0.188 0.191 0.190 0.133 0.140 0.114 0.097 0.086 0.083 

2007 0.086 0.085 0.118 0.123 0.113 0.099 0.091 0.079 0.066 0.066 0.070 0.052 

2008 0.050 0.049 0.107 0.118 0.153 0.179 0.153 0.149 0.154 0.123 0.083 0.050 

2009 0.042 0.031 0.041 0.050 0.052 0.059 0.018 0.031 0.022 0.013 0.001 -0.012 

2010 -0.022 -0.041 -0.046 -0.033 -0.033 -0.015 0.010 0.037 0.035 0.051 0.061 0.066 

2011 0.074 0.077 0.139 0.142 0.153 0.155 0.116 0.108 0.098 0.093 0.079 0.065 

2012 0.095 0.102 0.100 0.093 -1.996 0.339 0.089 0.072   Avg 0.090 

 
 
Table 35:  Calculated percent change in PPI for rolling 16 month period. 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2002 -- -- -- -- -- -- -- -- -- -- -- -- 

2003 -- -- -- 0.017 0.017 0.019 0.019 0.018 0.026 0.027 0.028 0.025 

2004 0.033 0.047 0.064 0.079 0.089 0.083 0.085 0.098 0.104 0.110 0.104 0.098 

2005 0.103 0.111 0.119 0.126 0.115 0.108 0.102 0.092 0.096 0.111 0.092 0.084 

2006 0.093 0.086 0.096 0.115 0.111 0.108 0.103 0.101 0.091 0.077 0.069 0.066 

2007 0.049 0.040 0.066 0.072 0.065 0.065 0.063 0.041 0.034 0.026 0.034 0.027 

2008 0.047 0.060 0.078 0.090 0.112 0.125 0.134 0.122 0.120 0.093 0.058 0.042 

2009 0.040 0.030 0.011 0.016 0.013 0.014 -0.009 -0.013 -0.038 -0.060 -0.074 -0.070 

2010 -0.064 -0.038 0.003 0.037 0.043 0.046 0.050 0.052 0.046 0.045 0.054 0.051 

2011 0.065 0.078 0.091 0.103 0.099 0.099 0.090 0.073 0.069 0.071 0.072 0.066 

2012 0.074 0.075 0.082 0.079 0.064 0.049 0.023 0.018   Avg 0.061 

 
 

3.2. Conclusions 

The overall end result of this study shows that the Air Force’s initial PAs are only slightly 

inflated.  This is good business, as any number of contingencies is apt to arise.  Over the time 

covered in this study, the amount of over-estimation from PA to CWE is $117 million.  This is 

an average of $289 thousand per project.  The corollary is that efficiencies in the construction 

industry brought about by the competitive bid process have saved this amount.  This validates the 

current system. 

Some parameters seem to result in better programmed amounts relative to contract award 

amounts, specifically Texas, California, and those managed by the Army Corps of Engineers, or 
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initiated by Air Education and Training Command.  However, the final costs, except in the case 

of Florida, are not significantly lowered by these more accurate programmed amounts. 

However, the underbidding may indicate the following (1), possible bad faith within the 

contracting community (Flyvbjerg, Holm and Buhl 2002); or (2), year-over-year inflation 

underestimation.  Either scenario creates frustration for the Air Force, which may free the money 

originally encumbered against a project, that has been deemed excess because of a low bid (near 

10% below budget), that will be allocated to different projects within the Air Force or DoD.  As 

the additional projects have now been contractually obligated to a bidder, the additional funding 

must be acquired from elsewhere. 

3.3 Limitations 

These results have several limiting factors.  First, the sample is not random.  In order to 

get the largest sample, the author selected projects that met certain criteria, essentially studying 

the entire population for which data were available.  Additionally, the values are not normally 

distributed.  Although they are treated as such, by application of the central limit theorem, they 

are more heavily distributed towards the lower costs. 

Furthermore, the accuracy of the results ultimately depends on how well they were 

tracked and entered into the system.  It is not necessarily a true statement that data is entered 

timely and accurately.  Air Force policy places responsibility for this on the “construction 

managers,” but often the data come from many different sources over which they have no control 

(Department of the Air Force 2010).  This can result in inaccurate or untimely updates, even 

more so as the project comes to a conclusion, and the emphasis moves from updating the ACES 

database to closing out the project. 

3.4 Future Research 

Future research is suggested in determining the actual definitive cause of the cost 

discrepancies, including possible surveys of contractors and government workers, as well as 

controlled experiments.  A key study would be the impact of civilian personnel versus military 

personnel conducting the estimates.  Also, studying experience and training on the government 

side to determine the effect those have.  Including the volume of work in total and for the 

government for each specific contractor could also yield telling results by measuring how savvy 
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the contractor is as to the government system.  Additionally, including smaller, non-MILCON 

projects would eliminate the possibility of contractor foreknowledge of estimated costs, and thus 

remove one possible variable.  Smaller projects would also have smaller periods of performance, 

limiting the effect of inflation on final cost.  It would be intriguing to investigate the differences 

projects run by AFRC, and those in Florida and Texas with the body of projects as a whole.  

Perhaps there are cultural differences either on the part of government project managers, or in the 

contracting community that produces those discrepancies.   Additionally, because Texas, Florida, 

and AETC are linked, it would be valuable to determine the independent variable and thus the 

relationship between the state and the MAJCOM in this instance.  
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APPENDIX A 

A:  NORMAL POPULATION AD TESTS OF THE MEAN, μ OF 

THE MEAN, μ 

NORMAL POPULATION AND TESTS OF THE MEAN, μ 

 (Ostle and Mensing 1975) 

 

Given a random variable X, which can be considered to have a normal distribution, with 

unknown σ2.  To test the hypothesis H:  μ = μ0, the test statistic to use is � =
(�� − �0)��� =

√�(�� − �0)�  

where n is the sample size, X̅ is the sample mean, and s2 is the sample variance. 

If the hypothesis is true, the test statistic t will have a “Student’s” t distribution with ν = n - 1 

degrees of freedom.  The level of significance is 100α.   

Case 1:  A:  μ ≠ μ0 

For this two-sided alternative, reject H if � ≤ −�(1−� 2⁄ )(�−1) or � ≥ �(1−�/2)(�−1)  

where tδν is a t random variable with ν degrees of freedom such that �(� ≤ ���) = �.  Otherwise 

do not reject H. 

Case 2:  A:  μ < μ0 

Reject H if � ≥ �(1−�)(�−1)  

Otherwise do not reject H. 

Case 3:  A:  μ > μ0 

Reject H if � ≤ �(1−�)(�−1)  

Otherwise do not reject H. 
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APPENDIX B 

B:  NORMAL POPULATION AND TESTS OF THE VARIANCE, 

σ2
 

 

NORMAL POPULATION AND TESTS OF THE VARIANCE, σ2
 

(Ostle and Mensing 1975) 

 

 

Given a random variable sample of size n from a normal population.  To test the 

hypothesis H:  σ = σ2, the test statistic to use is 

�2 = � (�� − ��)2 �02⁄�
�=1  

If H is true, the test statistic has a chi-square distribution with ν = n -1 degrees of freedom.  100α 

is the level of significance.  If A: σ2≠σ0
2, reject H if  �2 ≤ −�2(1−� 2⁄ )(�−1) or �2 ≥ �2

(1−�/2)(�−1)
 

where χ2
δν is a chi-square random variable with ν degrees of freedom such that 

 ���2 ≤ �2��� = �.  Otherwise, do not reject H. 
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APPENDIX C 

C:  TWO NORMAL POPULATIONS AND COMPARISON OF 

THE MEANS – DEPENDENT POPULATIONS 

TWO NORMAL POPULATIONS AND COMPARISON OF THE 

MEANS – DEPENDENT POPULATIONS 

(Ostle and Mensing 1975) 

 

Let the difference between values of two dependent populations, both of size n be �� = �1� − �2�, where � = 1, … ,� 

With Dj considered a random sample from a normal population with a mean of μD =  μ1  - μ2 and 

a variance of σD

2, a test of the null hypothesis H: μ1  = μ2 versus the alternative A:  μ1  ≠ μ2 uses 

the test statistic � =  √���/�� 

where  

��2 = ���� − ���2/(� − 1)

�
�=1  

H is rejected if � ≤ −�(1−� 2⁄ )(�−1) or � ≥ �(1−�/2)(�−1)  

If A: μ1  < μ2, the rejection region is � ≤ −�(1−�)(�−1) 

If A: μ1  < μ2, the rejection region is � ≥ −�(1−�)(�−1) 
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APPENDIX D 

D:  GEARY’S TEST OF NORMALITY 

 

GEARY’S TEST OF NORMALITY 

 (DeVore 1982) 

 

 A random variable, U, is defined by  � =
��/2∑ |�� − ��| �⁄�∑ (�� − ��)2 �⁄ =

1.2533∑ |�� − ��| �⁄�∑ (�� − ��)2 �⁄  

 If the underlying distribution is normal, the numerator and denominator estimate σ.  

Thus, if the distribution is normal, U should equal 1.  A test is conducted, where null hypothesis 

H: U =1, and A: U≠1.  A test statistic is defined as � =  
� − 1

0.2661 √�⁄  

Reject H if Z ≥ zα/2 or Z ≤ -zα/2. 
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APPENDIX E 

E:  TEST FOR INDEPENDENCE (CATEGORICAL DATA) 

 

TEST FOR INDEPENDENCE (CATEGORICAL DATA) 

(Walpole, et al. 2012) 

 

To determine independence of two variables, the variables are entered into a contingency 

table.  Each column and row is summed (marginal frequencies).  The decision to accept the null 

hypothesis of independence is based on observed values in the contingency table, and the values 

that would be expected under the assumption that the null hypothesis is true.  The expected 

frequencies for each row/column intersection are determined by multiplying the ratio of the 

column marginal frequency to the total sample by the ratio of the row marginal frequency to the 

total sample and multiplying by the size of the total sample.  In other words: �������� ��������� =
(������ �����) × (��� �����)����� �����  

The degrees of freedom for the test is the product of the number of rows, less one, and the 

number of columns, less one. 

Once the contingency tables (observed and expected) are constructed, the test statistic, χ2, is 

calculated, such that �2 = � (�� − ��)2���  

where the summation extends over all rc cells in the r x c contingency table. 

The test statistic is compared with the critical value, χ2
α with υ=(r-1)(c-1) degrees of freedom.  If 

the test statistic is larger than the critical value, then reject the null hypothesis of independence at 

the α level of significance.  Otherwise, fail to reject the null hypothesis.  
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APPENDIX F 

F:  HYPOTHESIS TESTING ON THE SLOPE 

 

HYPOTHESIS TESTING ON THE SLOPE 

(Walpole, et al. 2012) 

 

To test the null hypothesis that the slope of a regression line equals the shown amount, versus 

some suitable alternative, a t-distribution test with n-2 degrees of freedom, and a test statistic 

determined by 

 � =
�1 − �10� ����⁄  

where  ��� = �(�� − �̅)2�
�=1  

and  �2 =
��� − �1���� − 2

 

and  ��� − �1��� = �(�� − �0 − �1��)2�
�=1  
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