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1. Introduction 
Accurately estimating the duration of the Engineering and Manufacturing Development 
(EMD) phase is no longer only an analytical requirement, it is a leadership imperative. 
Senior acquisition and operational leaders are being directed to deliver capability faster, 
accept greater execution risk, and make earlier trade-offs among cost, schedule, and 
performance. The November 7, 2025 Secretary of War memorandum establishing the 
Warfighting Acquisition System (WAS), makes speed a defining outcome of acquisition 
success and frames acquisition itself as a warfighting function. For leaders accountable 
for results, the central question is now how fast is realistically achievable and what 
constitutes credible acceleration versus optimistic planning.  

The WAS directive, reinforced by the Acquisition Transformation Strategy and 
alternative acquisition pathways established under DoDI 5000.02, places greater 
authority and responsibility with program executive officers and program managers. It 
emphasizes execution over process compliance, rapid fielding over perfect requirement 
fulfillment, and timely decision-making over extended deliberation. However, while 
expectations for speed have increased, the Department of War (DoW), formerly 
Department of Defense (DoD), lacks a common empirical baseline for development 
timelines, particularly for EMD, against which leaders can judge whether proposed 
schedules represent meaningful improvement or simply compressed plans unsupported 
by historical performance.  

Despite this recent emphasis on speed, there is little evidence that EMD schedules will 
suddenly stop experiencing substantial growth relative to baselines. One persistent 
driver is unstable or evolving program requirements, which frequently emerge as 
systems mature from early design concepts into integrated, testable configurations. This 
evolution of requirements is not likely to get better under the acquisition transformation 
and continued move towards agile execution of hardware and software. Numerous 
major defense programs have experienced schedule extensions as operational 
requirements were refined or expanded during development, driving additional design, 
test, and re-certification activities.  

Integration and test challenges further complicate EMD execution. Furthermore, as 
programs grow more interconnected across domains and Services, schedule instability 
in one effort propagates to others. Modern systems increasingly depend on tightly 
coupled hardware, software, communications, and mission-system architectures. 
Delays associated with software maturity, integration laboratories, test infrastructure 
availability, and joint interoperability testing frequently extend development timelines 
beyond original projections. For example, the CH-53K was designed to carry three 
times the payload of the previous CH-53E variant, and multiple design deficiencies were 
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discovered during testing.1 The significant increase in lift capability combined with 
additional time to correct multiple design deficiencies likely drove the cost higher and 
schedule longer than other helicopter programs. 

For senior leaders, schedule growth during EMD has immediate operational and 
strategic consequences. Delayed milestones drive funding profile instability, defer 
production decisions, disrupt portfolio planning, and postpone the delivery of critical 
capability to the warfighter. More importantly, persistent schedule optimism erodes 
confidence in acquisition planning and weakens leaders’ ability to make informed risk 
trades early, when corrective actions are most effective.  

This paper demonstrates that data-driven analysis of Selected Acquisition Report 
(SAR)-reported EMD timelines combined with key programmatic and acquisition 
variables can establish defensible schedule benchmarks and Schedule Estimating 
Relationships (SERs) that define the baseline for what “fast” has historically meant 
across the DoW. Rather than prescribing how fast programs must go, this research 
provides leaders with an empirical starting point for accelerating development with 
discipline. By grounding schedule expectations in observed performance across 
commodities, Services, and acquisition approaches, the benchmarks and SERs 
presented here enable program and portfolio leaders to distinguish credible speed from 
unsupported compression and to pursue faster acquisition with greater confidence and 
accountability.  

2. Literature Review 
Prior research consistently finds that defense acquisition schedules exhibit persistent 
growth and that early estimates frequently understate development duration. A summary 
of prior research is provided below, and the full literature review is provided in Appendix 
A.  

Light et al. (2018)  Presents a comprehensive benchmarking effort for Major 
Defense Acquisition Programs (MDAPs) 

 Demonstrates significant variability in development 
schedules across commodities and identifies structural 
differences in schedule performance between system types 

 Establishes the importance of empirical benchmarking as a 
foundation for schedule realism 

Drezner et al. 
(2011) 

 Highlights that ship acquisition programs differ substantially 
from other defense commodities 

 Suggests that a uniform schedule modeling approach across 
all commodities is inappropriate  
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Jones et al. (2023)  Evaluates trends in cost and schedule estimating 
performance over multiple decades 

 Finds only modest improvements in forecast accuracy, 
reinforcing the need for improved analytical methods and 
data-driven baselines 

Magasic and 
Kitchin (2024) 

 Emphasizes that early acquisition schedule risk is frequently 
underestimated, particularly when technical maturity and 
integration complexity are not explicitly incorporated into 
planning assumptions 

GAO (2023)  Reports that Middle Tier Acquisition programs face unique 
oversight and development challenges 

 Rapid pathways require different management and data 
practices than traditional MDAPs 

Voth et al. (2022)  Examines optimism bias in schedule forecasting 
 Identifies institutional and behavioral contributors that 

systematically bias early schedule estimates toward 
aggressive timelines 

Performance of the 
Defense Acquisition 
System (2016) 

 Highlights schedule delays as a recurring driver of 
downstream cost growth and production instability 

Jimenez (2016)   Develops statistical models for predicting schedule duration 
from program initiation to initial operational capability 

 Demonstrates that program characteristics and scope 
variables can explain meaningful portions of schedule 
variability 

GAO (2024)  Concludes that the DoD is not yet positioned to consistently 
field systems with speed 

 Notes that development and test delays are principal 
contributors 

Table 1: Literature Review Summary 

Collectively, this literature establishes three key gaps addressed by this paper: 

1. Existing work often focuses on high-level portfolio averages rather than 
commodity-specific benchmarks aligned to contemporary milestone definitions.  

2. Limited work explicitly compares traditional and accelerated acquisition pathways 
using a consistent schedule framework.  

3. Few studies directly translate benchmark findings into practical SERs suitable for 
use by cost and schedule analysts. 

Based on this prior research, all sides (government, federally funded research and 
development centers, and contractors) agree that schedule estimation and executed 
schedule growth remain systemic challenges. This study extends and refreshes the 
literature by constructing a contemporary, event-based dataset from SARs, normalizing 
across legacy and modern frameworks, and developing commodity-specific 
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benchmarks and SERs. In doing so, it establishes a defensible, analytically rigorous 
baseline from which realistic acceleration can be planned and measured.  

3. Data Overview 

3.1 Data Sources 
This study uses Selected Acquisition Reports (SARs) as the primary data source. SARs 
provide authoritative annual reporting on MDAPs, including key milestone dates and 
selected program characteristics. These reports were chosen as the primary data 
source because they offer consistent, auditable information across multiple programs. 

While SARs are provided at the program level, schedule event dates are frequently 
reported for individual program variants and/or blocks. For this reason, the schedule 
event dates were tagged and analyzed at the variant or block level when provided. 

3.2 Program Demographics 
The dataset includes programs spanning multiple commodities, Services, and decades. 
Programs were categorized by: 

 Commodity - Aviation; Command, Control, Communications, Computers, 
Intelligence, Surveillance, and Reconnaissance (C4ISR)/Electronics; Missiles 
and Munitions; Ships; Space; Wheeled and Tracked Vehicles 

 Military Service - Air Force, Army, Navy, Missile Defense Agency 

 New development versus upgrade programs 

 Single-service versus joint-service program management 

 Commodity sub-types (e.g., tactical versus strategic missiles) 

Programmatic and schedule data was collected from SARs for more than 180 programs 
across the six commodities. Table 2 below shows the total number of programs used in 
this study, broken out by commodity. For a complete listing of programs and associated 
data tags, please reach out to the author.  
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Table 2: Number of Programs by Commodity 

3.3 Normalization 
For each program, the dates for major schedule events were collected, focusing on 
Milestone B, Milestone C, and Initial Operational Capability dates. These events are 
generally defined below:  

 Milestone B (MS B): Program entry into EMD. This is considered the official start 
of a program.  

 Milestone C (MS C): Approval to enter Low-Rate Initial Production (LRIP).  

 Initial Operational Capability (IOC): A capability meets minimum operational 
needs and is available in a usable, deployable form.  

To enable cross-program comparison, milestone and schedule event data were 
normalized to a common framework. Older acquisition framework events were mapped 
to the current milestone structure for major capability acquisitions. For example, 
historical ASARC IIIA decisions were treated as the functional equivalent of MS C or 
LRIP approval. This normalization allowed old programs to be included on a consistent 
basis.  

Schedule event dates reported in the SARs were not always provided as a specific date 
and were frequently only provided in a month-year format. Therefore, the specific date 
for any of these event dates was assumed to be the 15th of that month.  

While MS C is straightforwardly defined for most commodities, this is not the case for 
ships and space programs. These commodities often involve large, high-value single 
units and have extended construction or integration periods. The current policy 
guidance does not consistently define MS C for these programs in a manner 
comparable to other commodities. This results in a lack of consistency for when MS C is 
reached for ships and space programs, and in many cases, these programs have 
combined MS B/C decisions or non-discrete production decisions. Due to the lack of 
clear MS C guidance for these programs and the wide variability in the data, ships and 

Commodity
Number of 
Programs

Aviation 49
C4ISR 43
M&M 46
Ships 19
Space 11
WTV 15

TOTAL 183

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



 

space programs were analyzed from MS B to IOC. This schedule duration was also 
calculated for the other commodities to provide a consistent comparison across 
commodities for the purpose of benchmarking.  

These normalization approaches reflect an underlying challenge for modern acquisition: 
as new pathways and tailored frameworks emerge, analysts must adapt event 
definitions without losing analytical continuity. Foregoing standardized data collection 
and automated data delivery in the name of speed may reduce near-term reporting 
burden but increases the need for analyst integration in PEOs, enabling continued 
value-add analysis improving future schedule planning. 

3.4 Programmatic Variables 
In addition to schedule events, programmatic and acquisition variables were collected 
from the SARs. In the Modernized Selected Acquisition Report (MSAR), many of these 
variables are captured in the Program Description section. The programmatic and 
acquisition variables examined in this study are:  

 Commodity (leading) 

 Commodity subtype (leading) 

 New versus upgrade program (leading) 

 Single-Service versus joint management (leading) 

 Lead Military Service (leading) 

 EMD Year (leading) 

 Production Year (lagging) 

 IOC Year (lagging) 

 Development quantity (lagging) 

 Procurement quantity (lagging) 

Leading variables represent characteristics available at or near program initiation and 
are therefore suitable for use in schedule estimating models. Lagging variables reflect 
outcomes or quantities that may evolve during execution. 

These variables were selected based on their prevalence in prior literature and their 
potential relationship to development complexity, integration scope, and test burden. 
While correlation among variables was assessed, this study recognizes that statistical 
correlation does not imply causation and that program-specific context remains 
essential when interpreting results. 
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3.5 Limitations and Assumptions 
While SARs provide a consistent and authoritative data source, there are several 
limitations and assumption made in applying them to this analysis:  

 Event reporting gaps: Not all SARs report every schedule event, and in some 
cases, events are reported only in narrative sections rather than tabular 
milestone data. Where event dates were not available, these events were 
excluded from analysis which reduced usable sample sizes.  

 Equivalency assumptions: Legacy milestones and key decision points, such as 
ASARC IIIA, were assumed equivalent to modern milestones, like MS C, for 
normalization.  

 Program-specific context: Benchmarks derived from cross-program averages 
may not reflect unique program complexities, such as advanced technology 
maturity or multiple defect corrections or engineering changes. Analysts should 
use these benchmarks as reference points rather than deterministic predictors.  

4. Analysis and Results 
After collecting and normalizing the schedule data and programmatic variables, the 
EMD schedule duration for each program was calculated and the analysis was 
performed. This section is divided by benchmarking results and SERs, with those 
sections further divided by commodity.  

4.1 Benchmarking Results 
Across the full dataset of programs, there is a large range of EMD durations, therefore 
each commodity is reported separately. Schedule duration was calculated as the 
number of years from both MS B to MS C and MS B to IOC. It was expected that new 
programs would have longer schedules than upgrade programs, so the benchmarks for 
each commodity are provided for all programs in that commodity, new programs only, 
and upgrade programs only.  

4.1.1 Overall Benchmark Observations 

Table 3 below shows the results from the benchmarks across commodities. The 
coefficient of variation (CoV) highlights areas where program schedules diverged most 
strongly. Cells in red indicate CoVs over 100%, and cells in green highlight CoV values 
less than 50%. Upon review of these benchmarks, a handful of key observations 
emerged.  
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Table 3: Summary Benchmarks Across Commodities 

Across the commodities, missiles and munitions and wheeled and tracked vehicles 
exhibit the shortest mean and median durations from MS B to MS C and MS B to IOC. 
These systems are typically produced in larger quantities compared to the aviation, 
ships, and space commodities. Hence, development and procurement quantities from 
program SARs are examined as independent variables in the SERs.  

Ships and space programs show significantly improved CoV when comparing the MS B 
to IOC duration to the MS B to MS C duration due to ambiguous policy in the 5000.02 
for MS C decisions for these programs. This lack of clarity in policy leads to inconsistent 
MS C decision dates across ships and space programs.  

Ultimately, the results from the benchmarks reinforce the necessity of commodity-
specific schedule expectations. This differentiation provides the analytical foundation for 
the SERs in the following section 4.2, which advances from descriptive benchmarking to 
explanatory modeling. Specifically, the SERs are regressed at the commodity level to 
capture the structural differences across commodities quantitatively, enabling more 
defensible, decision-quality schedule point estimates aligned to the underlying program 
attributes.  

4.1.2 Aviation 

Data was collected from 49 total aviation program variants; however, there were only 21 
data points for MS B to MS C duration and only 17 data points for MS B to IOC duration. 
As shown in Table 3 above, the MS B to MS C durations range from 3.6 years to 22.4 
years, with a mean of 7.1 years and a median of 5.9 years for all aviation programs 

MS C IOC MS C IOC MS C IOC MS C IOC MS C IOC MS C IOC
Min 3.6 5.8 0.9 4.9 0.8 3.7 0.0 3.2 0.2 6.1 1.8 4.2
Max 22.4 16.3 11.8 18.7 8.2 10.6 4.9 18.5 14.7 13.9 4.3 9.0
Median 5.9 9.5 4.9 9.1 4.7 6.8 1.6 11.0 2.7 8.0 3.5 7.2
Mean 7.1 10.4 5.3 10.1 4.5 7.1 1.8 10.5 5.9 8.8 3.4 7.0
Std Dev 4.0 3.1 2.6 3.7 1.8 2.1 1.6 4.8 6.0 3.0 0.8 1.7
CoV 57% 29% 50% 37% 40% 29% 93% 46% 101% 34% 24% 25%
n 21 17 30 13 31 20 9 12 5 5 9 8
Min 5.1 7.7 0.9 4.9 0.8 4.2 0.0 3.2 0.2 6.1 2.6 5.0
Max 22.4 16.3 11.8 18.7 7.8 10.6 4.9 18.5 9.4 13.9 4.3 9.0
Median 6.8 10.4 5.1 9.2 4.7 7.3 1.6 11.0 4.8 7.9 3.6 8.0
Mean 8.7 11.4 5.5 10.7 4.2 7.4 1.8 10.5 4.8 9.0 3.5 7.6
Std Dev 5.0 3.1 2.9 4.2 1.7 2.0 1.6 4.8 6.5 3.4 0.7 1.5
CoV 57% 27% 53% 39% 42% 28% 93% 46% 136% 38% 19% 20%
n 11 11 21 9 13 11 9 12 2 4 6 6
Min 3.6 5.8 2.7 6.2 2.2 3.7 2.7 8.0 1.8 4.2
Max 8.1 12.4 8.5 10.5 8.2 9.8 14.7 8.0 4.0 6.8
Median 4.9 8.5 4.3 8.9 4.6 5.9 2.7 8.0 3.5 5.5
Mean 5.3 8.6 4.8 8.6 4.8 6.7 6.7 8.0 3.1 5.5
Std Dev 1.4 2.3 1.9 1.8 1.9 2.2 6.9 1.1 1.8
CoV 27% 27% 39% 21% 39% 33% 103% 36% 34%
n 10 6 9 4 18 9 0 0 3 1 3 2

All

New

Upgrade

Years Between MS B and Events

Aviation C4ISR M&M Ships Space WTV
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combined. On average, new programs take 64% longer than upgrade programs to 
reach MS C.  

Now looking at the MS B to IOC durations, the schedules range from 5.8 years to 16.3 
years, with a mean of 10.4 years and a median of 9.5 years for all programs. On 
average, new programs take 32% longer than upgrade programs to reach IOC. 

We also see that the CoV improves when looking at the schedule duration from MS B to 
IOC compared to the schedule duration from MS B to MS C. IOC is generally achieved 
after the MS C decision; however, the IOC date for F-35 occurs more than 8 years prior 
to the MS C decision. Removing the F-35 data point improves the CoV by 14% for all 
programs’ MS B to MS C durations.  

As shown in Figure 1 below, the box and whisker plot for the two schedule durations for 
all aviation programs shows the spread of the data. We see that the spread of the data 
is smaller for schedule durations from MS B to MS C than from MS B to IOC and that 
the F-35 program is an outlier. We also see that the mean and median for both 
durations are relatively close together and there is minimal skew.  

 

Figure 1: Box and Whisker Plot for Aviation Programs 

4.1.3 C4ISR/Electronic Systems  

Data was collected from 43 total C4ISR and electronic systems programs variants; 
however, there were only 30 data points for MS B to MS C duration and only 13 data 
points for MS B to IOC duration. As shown in Table 3, the MS B to MS C durations 
range from 0.9 years to 11.8 years, with a mean of 5.3 years and a median of 4.9 years 
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for all C4ISR programs combined. On average, new programs take 14% longer than 
upgrade programs to reach MS C.  

Now looking at the MS B to IOC durations, the schedules range from 4.9 years to 18.7 
years, with a mean of 10.1 years and a median of 9.1 years for all programs. On 
average, new programs take 24% longer than upgrade programs to reach IOC.  

As shown in Figure 2 below, the box and whisker plot for the two schedule durations for 
all C4ISR/Electronics programs shows the spread of the data. We see that the spread 
of the data is smaller for schedule durations from MS B to MS C than from MS B to IOC 
and that the Land Warrior program is an outlier. We also see that the mean and median 
for both durations, particularly from MS B to MS C, are relatively close together and 
there is minimal skew. 

 

Figure 2: Box and Whisker Plot for C4ISR Programs 

4.1.4 Missiles and Munitions (M&M) 

Data was collected from 46 total missiles and munitions programs; however, there were 
only 31 data points for MS B to MS C duration and only 20 data points for MS B to IOC 
duration. As shown in Table 3, the MS B to MS C durations range from 0.8 to 8.2 years, 
with a mean of 4.5 years and a median of 4.7 years for all missiles and munitions 
programs combined. On average, new programs have 14% shorter timelines to MS C 
than upgrade programs. This is counterintuitive; however, the two programs with the 
largest schedules (JSOW AGM-154C and ICBM Fuze Mod) are both considered 
upgrade programs and are both joint-service/joint-agency managed programs. It is 
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possible that programs managed by more than one DoD service or government agency 
(such as the Department of Energy) have longer schedules, potentially due to more 
stakeholders and greater communication and organization challenges across services 
or agencies. This hypothesis was explored during SER analysis and discussed in 
section 4.2.4.  

Now looking at the MS B to IOC durations, the schedules range from 3.7 to 10.6 years, 
with a mean of 7.1 years and a median of 6.8 years for all programs. On average, new 
programs take 10% longer than upgrade programs to reach IOC.   

As shown in Figure 3 below, the box and whisker plot for the two schedule durations for 
all missiles and munitions programs shows the spread of the data. We see that the 
spread of the data is smaller for schedule durations from MS B to MS C than from MS B 
to IOC. We also see that the mean and median for both durations are close together.   

 

Figure 3: Box and Whisker Plot for M&M Programs 

4.1.5 Ships 

Data was collected from 19 total ships programs; however, there were only nine data 
points for MS B to MS C duration and only 12 data points for MS B to IOC duration. As 
shown in Table 3, the MS B to MS C durations range from 0 to 4.9 years, with a mean of 
1.8 years and a median of 1.6 years for all ships programs combined. All ship programs 
were considered new, so there is no comparison between new and upgrade programs 
for ships.   

Now looking at the MS B to IOC durations, the schedules range from 3.2 to 18.5 years, 
with a mean of 10.5 years and a median of 11 years for all programs.  
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We also see that the CoV improves significantly when looking at the schedule duration 
from MS B to IOC compared to the schedule duration from MS B to MS C. This is likely 
due to a combination of policy and the cost/size of ships prohibiting production of 
prototypes. In the DoDI 5000.02, MS C is not defined well for ships programs and 
occasionally ships programs have a combined MS B/C decision, which is the case for 
two programs in the dataset.  

As shown in Figure 4 below, the box and whisker plot for the two schedule durations for 
all ships programs shows the spread of the data. We see that the spread of the data is 
smaller for schedule durations from MS B to MS C than from MS B to IOC. We also see 
that the mean and median for both durations are close together.   

 

Figure 4: Box and Whisker Plot for Ships Programs 

4.1.6 Space 

Data was collected from 11 total space program variants; however, there were only 5 
data points each for MS B to MS C duration and MS B to IOC duration. As shown in 
Table 3, the MS B to MS C durations range from 0.2 to 14.7 years, with a mean of 5.9 
years and a median of 2.7 years for all space programs combined. On average, new 
programs take 28% less time than new programs to reach MS C. This is 
counterintuitive, but this schedule duration does not best represent space schedules 
(similar to ships) and should not be used.  
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Now looking at the MS B to IOC durations, the schedules range from 6.1 to 13.9 years, 
with a mean of 8.8 years and a median of 8 years for all programs. On average, new 
programs take 11% longer to reach IOC than upgrade programs.  

We also see that the CoV improves significantly when looking at the schedule duration 
from MS B to IOC compared to the schedule duration from MS B to MS C. Similar to 
ships, prototypes are not typically developed for space programs due to their size, unit 
cost, and construction timeline, and the first satellite constructed enters operational use. 
Again, MS C is not defined well for space programs in the DoDI 5000.02. Therefore, the 
ambiguity in the current policy for a MS C decision makes the data and statistics for the 
MS B to MS C schedule duration inconsistent.  

As shown in Figure 5 below, the box and whisker plot for the two schedule durations for 
all space programs shows the spread of the data. We see that the spread of the data is 
smaller for schedule durations from MS B to IOC than from MS B to MS C. We also see 
that the mean and median for the MS B to IOC duration are relatively close together.  

 

Figure 5: Box and Whisker Plot for Space Programs 

4.1.7 Wheeled and Tracked Vehicles (WTV) 

Data was collected from 15 total WTV programs; however, there were only nine data 
points for MS B to MS C duration and only eight data points for MS B to IOC duration. 
As shown in Table 3, the MS B to MS C durations range from 1.8 to 4.3 years, with a 
mean of 3.4 years and a median of 3.5 years for all WTV programs combined. On 
average, it takes new programs 13% longer to reach MS C compared to upgrade 
programs. 
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Now looking at the MS B to IOC durations, the schedules range from 4.2 to 9 years, 
with a mean of 7 years and a median of 7.2 years for all programs. On average, it takes 
new programs 39% longer to reach IOC than upgrade programs.   

As shown in Figure 6 below, the box and whisker plot for the two schedule durations for 
all WTV programs shows the spread of the data. We see that the spread of the data is 
smaller for schedule durations from MS B to MS C than from MS B to IOC. We also see 
that the mean and median for both schedule durations are close together. 

 

Figure 6: Box and Whisker Plot for WTV Programs 

4.2 Schedule Estimating Relationships 
The SERs developed in this study are intended as practical, analyst-ready tools to 
establish an empirical basis for determining historical EMD schedule baselines, 
providing a defensible point of reference before defense acquisition leaders determine 
what “fast” should mean for future programs. The SERs enable cost and schedule 
analysts supporting program offices, PEOs, and independent review organizations to 
develop data-driven EMD schedule ranges, assess the credibility of proposed MS B to 
MS C and MS B to IOC timelines, and examine how specific program structure and 
execution characteristics are associated with schedule outcomes. Used within the 
bounds of the historical data, these commodity-specific SERs provide a quantitative 
framework for investigating the influence of individual drivers (such as quantities, new 
vs. upgrade, and service management structure) on development speed and for helping 
leaders distinguish credible acceleration from unsupported schedule compression.  
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Based on the benchmark results, some of the variation in schedule durations can be 
explained by the commodity variable; therefore, SERs were developed by commodity. 
To develop the SERs, the applicable programs, schedule durations, and programmatic 
variables for each commodity were compiled into a table for analysis in CO$TAT. Next, a 
pairwise correlation matrix was generated for each data table to indicate which 
independent variables are highly correlated with each other and could present 
multicollinearity problems. Variables with correlation coefficients with an absolute value 
closer to 1 were not used together in the same regression model.  

After reviewing the correlation matrix, each independent variable was regressed 
individually against the dependent variable, schedule duration, to test each variable’s 
significance. Following previous research from Light et al. (2018), linear regression was 
performed using a logarithmic transformation on the dependent variable, schedule 
duration, where all models take the form 

log 𝑦 = 𝛽ଵ𝑋ଵ + … + 𝛽௡𝑋௡ 

where y is schedule duration in years, β is the coefficient estimated, and X is any of the 
independent variables tested.  

Independent variables with higher significance were then used in models with multiple 
independent variables, again checking the correlation matrix for each commodity 
dataset so as not to introduce unnecessary multicollinearity.  

When determining the best models for each commodity, residual plots were examined 
to ensure regression assumptions were met, outliers and influential points were 
reviewed for inclusion/exclusion, variance inflation factors (VIFs) were checked for 
multicollinearity, and statistics were assessed. Generally, models for each commodity 
were chosen so that all individual model variables (intercept and explanatory variables) 
and the overall model had significant p-values of less than 0.20 and mean absolute 
deviations (MADs) less than 30%. The significance level of α=0.20, vice the “standard” 
0.05, is used since sample sizes are small and the data is naturally noisy. Therefore, an 
80% chance that a variable or model explains the variation in the dependent variable is 
deemed significant. Similarly, the 30% MAD threshold is more robust to outliers and the 
data is noisy. The next sections will present the best SERs for each commodity. Please 
reach out to the author for additional details behind the SER selections and analysis. 

4.2.1 SER Summary 

Across commodities, production quantity and whether a program was new vs. an 
upgrade consistently demonstrated explanatory value, with an increase in production 
quantity generally decreasing schedule duration and new programs increasing schedule 
duration. For aviation, whether a program was unmanned or manned also proved to be 
significant, with unmanned systems increasing the EMD schedule by approximately 
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30% due to increased system complexity. The C4ISR/electronic systems commodity 
was the only commodity where the year of technology, rather than quantity, was the 
most significant numerical variable. Joint service management was also a significant 
variable for C4ISR/electronics programs, increasing EMD schedules by as much as 
60%. The C4ISR/Electronics commodity also has the greatest variation of subtypes, 
and an analyst may want to investigate using a subtype-specific benchmark to develop 
a point estimate, in addition to using the SERs which account for year of technology. 
The missiles commodity demonstrated that an accelerated acquisition approach may be 
a significant factor in a reduced EMD schedule duration; however, there were only two 
data points with an accelerated acquisition approach, and this variable was not able to 
be tested across the other commodities. The only somewhat significant SER for ships 
relied on the ships’ displacement and whether a ship was a warship. This SER 
demonstrates that larger ships and more complex warships have increased schedules 
from MS B to IOC. The space commodity had the fewest number of data points and did 
not result in any statistically significant models at α=0.20. Production quantity and 
whether a program was new were the most significant drivers for space programs 
durations from MS B to IOC. The benchmarks for the WTV commodity showed the most 
consistent schedules across the entire commodity, and the SERs were not statistically 
significant likely due to the smaller variation. However, production quantity had the 
opposite effect on schedule duration compared to the other commodities, likely due to 
the number of variants in each family of vehicles.  

4.2.2 Aviation 

4.2.2.1 Aviation SER #1 

For the aviation commodity, regressions were first tested on all aviation programs. 
Several variables tested individually were statistically significant at α=0.20, including 
joint, production quantity, development quantity, and new. Production year and Navy 
were also close to the significance level. The best single independent variable SER 
model including all aviation programs uses development quantity as the numeric 
explanatory variable and EMD duration as the dependent variable. The model equation 
is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 4.594 ∗ 10଴.଴ଶ଺଼∗஽௘௩_ொ௧௬ 

This model had the best p-value (0.0133) for a single numeric independent variable 
model. F-35 was flagged as a potential outlier/influential point, but for the sake of 
completeness across all aviation programs, it was kept in the dataset. Excluding this 
program, along with CH-53K, was examined in the following SERs. The model has a 
MAD of 27.69%.  

The joint and new indicator variables were also highly significant (p-values of 0.0006 
and 0.0163, respectively); however, since they are indicator variables, these single 
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variable models are not useful to estimate EMD duration. They do show that joint-
service managed and new programs have statistically longer schedules than single-
service and upgrade missile programs. However, there was only one program, F-35, 
was a joint-service program. Given that this program is the only joint-service program 
and it was identified as an outlier, analysis was done on the dataset after removing F-
35. Additionally, the true significance of the joint-service variable may be overstated. 

This model shows that as the development quantity increases, so does the EMD 
schedule duration. This makes sense, as the number of units produced during 
development increases the development schedule length. The range of data for 
development quantity in the aviation dataset ranges from 0 to 14; therefore, for the best 
results, extrapolating beyond this range is not advisable. This model contains all 
aviation programs including F-35 and CH-53K, which both had significant, atypical 
schedule delays, and the resulting point estimate represents the inclusion of these 
“worst case” data points.  

4.2.2.2 Aviation SER #2 

After removing F-35 and reviewing the results and the program data points, CH-53K 
was also removed from analysis. Both programs represented significant schedule 
delays rather than “typical” schedule delays.  

The best single independent variable SER model including all aviation programs uses 
production quantity as the numeric explanatory variable and EMD duration as the 
dependent variable. The model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 6.338 ∗ 10ି଴.଴଴଴ଵଷଷ∗௉௥௢ௗ_ொ௧௬ 

This model had the best p-value (0.1261) for a single numeric independent variable 
model. EA-18G, UH-60M Black Hawk Upgrade, and F-22 Raptor were flagged as 
potential outliers/influential points, but since there was no logical reason to exclude 
these programs, they were kept in the dataset. The model has a MAD of 19.80%. The 
VIFs for the explanatory variables were low (1.0465), so multicollinearity was not a 
problem in this model. 

This model shows that as the production quantity increases, the EMD schedule duration 
decreases. This makes sense, as smaller and/or less complex units are usually 
produced in larger quantities and would take less time to develop. The range of data for 
production quantity in the aviation dataset ranges from 17 to 1367; therefore, for the 
best results, extrapolating beyond this range is not advisable. Since this model excludes 
F-35 and CH-53K, the resulting point estimate represents a schedule duration baseline 
under “typical” conditions.  
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4.2.2.3 Aviation SER #3 

The best two-independent variable SER model for aviation programs uses development 
quantity as the numeric explanatory variable and UAV as an indicator variable, where a 
value of 1 represents a UAV program and a value of 0 represents manned aircraft 
programs. The model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 4.945 ∗ 10଴.଴଴ଽସଽ∗஽௘௩_ொ௧௬ ∗ 10଴.ଵଵ଴ଶ∗௎஺௏ 

This model resulted in significant p-values for all variables (intercept, development 
quantity, and UAV) and an overall model p-value of 0.1078. F-22 Raptor was flagged as 
a potential outlier/influential point, but since there was no logical reason to exclude, this 
program was not excluded. The model has a MAD of 19.06%. The VIFs for the 
explanatory variables were low (1.0465), so multicollinearity was not a problem in this 
model.  

Like the first model, this model also shows that as the development quantity increases, 
so does the EMD schedule duration. Additionally, whether a program is manned or 
unmanned affects the schedule as well. This model shows that an unmanned program 
increases the EMD schedule by approximately 30%. With F-35 and CH-53K removed, 
the range of data for development quantity in the aviation dataset ranges from 0 to 11; 
therefore, for the best results, extrapolating beyond this range is not advisable. Since 
this model excludes F-35 and CH-53K, the resulting point estimate represents a 
schedule duration baseline under “typical” conditions. 

4.2.2.4 Aviation SER Summary 

Overall, the aviation commodity resulted in statistically significant models (at α=0.20) 
and had one of the largest number of program data points. It appears that an unmanned 
aircraft program (as opposed to a manned aircraft program) may be a significant factor 
in an increased EMD schedule duration. This makes logical sense, as there would be 
additional integrated systems onboard that increase the complexity, driving longer 
development schedules. 

4.2.3 C4ISR/Electronics 

4.2.3.1 C4ISR/Electronic Systems SER #1 

For C4ISR/electronic systems, regressions were first tested on all programs. Only one 
variable, production year, tested individually was statistically significant at α=0.20. 
Development quantity was also relatively close to the significance level (p-value 
0.3035). The best single independent variable SER model uses production year as the 
numeric explanatory variable and EMD duration as the dependent variable. The model 
equation is defined below.  

𝐸𝑀𝐷஽௨௥௔௧௜௢௡ = 3.035𝑒ିଶଶ ∗ 10଴.଴ଵଵ଴ଷ∗௉௥௢ௗ_௒௘௔௥ 
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This model had the best p-value (0.4288) for a single independent variable model. The 
model has a MAD of 44.99%, above the 30% threshold. LAIRCM Basic and Land 
Warrior were flagged as potential outliers. There was no logical reason to remove 
LAIRCM Basic, but Land Warrior represented a system of systems and was removed 
from the subsequent dataset. Similarly, CEC was also later removed from analysis 
because it is also a system of systems, even though it was not flagged as an 
outlier/influential point.  

This model shows that as the production year (representing year of technology) 
increases, so does the EMD schedule duration. This makes sense, as technology 
complexity increases, so does the development schedule length. The range of data for 
production year in the aviation dataset ranges from 1995 to 2020; therefore, for the best 
results, extrapolating beyond this range is not advisable. This model contains all C4ISR 
programs including Land Warrior and CEC, which both represent system of systems, 
and the resulting point estimate represents the inclusion of these types of systems. 
However, this model was not statistically significant, so use with caution.  

4.2.3.2 C4ISR/Electronic Systems SER #2 

The best two-independent variable SER model for C4ISR/electronic systems including 
all programs uses production year as the numeric explanatory variable and joint as an 
indicator variable, where a value of 1 represents a joint-service program and a value of 
0 represents a single-service program. The model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 5.268𝑒ିଶ ∗ 10଴.଴ଵଷଷ଼∗௉௥௢ௗ_௒௘௔௥ ∗ 10଴.ଵସଷ∗௃௢௜௡௧ 

This model had the best p-values for all model variables and overall model p-value. 
Again, LAIRCM Basic and Land Warrior were flagged as potential outliers. There was 
no logical reason to remove LAIRCM Basic, but Land Warrior represented a system of 
systems and was removed from the subsequent dataset. Similarly, CEC was also later 
removed from analysis because it is also a system of systems, even though it was not 
flagged as an outlier/influential point. The VIFs for the explanatory variables were low 
(1.1214), so multicollinearity was not a problem in this model. The model has a MAD of 
42.97%, above the 30% threshold.  

Like the first model, this model also shows that as the production year increases, so 
does the EMD schedule duration. Additionally, whether a program is single service- or 
joint service-managed affects the schedule as well. This model shows that a joint 
service program increases the EMD schedule by approximately 40%. This makes 
sense, as the number of stakeholders increases, so does the time to develop a product 
meeting the joint specifications. The range of data for production year in the C4ISR 
dataset ranges from 1995 to 2020; therefore, for the best results, extrapolating beyond 
this range is not advisable. This model contains all C4ISR programs including Land 
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Warrior and CEC, which both represent system of systems, and the resulting point 
estimate represents the inclusion of these types of systems.  

4.2.3.3 C4ISR/Electronic Systems SER #3 

After removing Land Warrior and CEC, the best two-independent variable SER model 
for C4ISR/electronic systems uses production year as the numeric explanatory variable 
and joint as an indicator variable, where a value of 1 represents a joint-service program 
and a value of 0 represents a single-service program. The model equation is defined 
below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 1.895𝑒ିଶ ∗ 10଴.଴ଵସହଽ∗௉௥௢ௗ_௒௘௔௥ ∗ 10଴.ଶ଴ଷ଼∗௃௢௜௡௧ 

This model was significant for all variables (intercept, production year, and joint) and 
had an overall model p-value of 0.0166. LAIRCM Basic was again flagged as a potential 
outlier, but there was no logical reason to exclude so it was left in the analysis. The VIFs 
for the explanatory variables were low (1.0716), so multicollinearity was not a problem 
in this model. The model has a MAD of 40.30%, above the 30% threshold but improved 
compared to the same model including Land Warrior and CEC.  

Like the second model, this model also shows that as the production year increases, so 
does the EMD schedule duration. Additionally, whether a program is single service- or 
joint service-managed affects the schedule as well. This model shows that a joint 
service program increases the EMD schedule by approximately 60%. The range of data 
for production year in the C4ISR dataset ranges from 1995 to 2020; therefore, for the 
best results, extrapolating beyond this range is not advisable. This model does not 
include the system of systems programs Land Warrior and CEC, and the resulting point 
estimate represents the exclusion of these types of systems.  

4.2.2.4 C4ISR/Electronic Systems SER Summary 

Overall, the C4ISR/electronic systems commodity was the only commodity where the 
year of technology was the most significant numerical variable (instead of quantities). 
This makes logical sense, as these programs rely almost entirely on the newest 
technology. The SERs show that as the production year increases, the EMD schedule 
duration also increases. The C4ISR/Electronics commodity also has the greatest 
variation of subtypes (radios, countermeasures, etc.); however, there were not enough 
data points to perform SERs on each subtype. An analyst may want to investigate using 
a subtype-specific benchmark to develop a point estimate, in addition to using the SERs 
which consider year of technology. 
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4.2.4 Missiles and Munitions (M&M) 

4.2.4.1 M&M SER #1 

For missiles and munitions, regressions were first tested on all M&M programs. After 
reviewing the results and the program data points, several programs were removed. 
These programs did not represent full missile systems (e.g., Minuteman III GRP is a 
guidance replacement program and does not represent development of an all-up-round 
missile system). Similarly, Excalibur variants were removed as this program is 
considered an artillery round and is functionally different from the other missile 
programs. Additionally, indicator variables for ballistic missiles and accelerated 
acquisition were investigated. The best single independent variable SER model uses 
production quantity as the numeric explanatory variable and EMD duration as the 
dependent variable. The model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 4.008 ∗ 10ି଴.଴଴଴଴଴଴ହ଻଻∗௉௥௢ௗ_ொ௧௬ 

While not quite meeting the α=0.20 significance level, this model had the best p-value 
(0.2190) for a single numeric independent variable model. JDAM and LRASM were 
flagged as potential outliers/influential points, but since there was no logical reason to 
exclude these programs, they were kept in the dataset. The model has a MAD of 
41.37%, which is higher than the preferred threshold of 30%.  

This model shows that as the production quantity increases, the EMD schedule duration 
decreases. This makes sense, as smaller and/or less complex units are usually 
produced in larger quantities and would take less time to develop. The range of data for 
production quantity in the missiles dataset ranges from 533 to 469852; therefore, for the 
best results, extrapolating beyond this range is not advisable. Since this model is for full 
missile and munitions systems only, the resulting point estimate represents a schedule 
duration for a full system. 

4.2.4.2 M&M SER #2 

The best two-independent variable SER model for missiles programs uses production 
quantity as the numeric explanatory variable and accelerated as an indicator variable, 
where a value of 1 represents a program using an accelerated acquisition approach and 
a value of 0 represents program using a non-accelerated acquisition approach. The 
model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 4.413 ∗ 10ି଴.଴଴଴଴଴଴଻ଵ଼∗௉௥௢ௗ_ொ௧௬ ∗ 10ି଴.ଷଽସଽ∗஺௖௖௘௟௘௥௔௧௘ௗ 

This model resulted in highly significant p-values for all variables (intercept, production 
quantity, and accelerated) and an overall model p-value of 0.0125. JDAM, PrSM, and 
LRASM were flagged as potential outliers/influential points, but since there was no 
logical reason to exclude, these programs were left in the dataset. The model has a 
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MAD of 31.5%, just over the 30% preferred threshold. The VIFs for the explanatory 
variables were low (1.0151), so multicollinearity was not a problem in this model.  

This model shows that as the production quantity increases, the EMD schedule duration 
decreases. Additionally, whether a program utilizes an accelerated acquisition approach 
affects the schedule as well. This model shows that an accelerated acquisition approach 
decreases the EMD schedule by approximately 60%. However, there were only two 
programs, LRASM and PrSM, that identified following accelerated acquisition 
approaches in their SARs. Therefore, the true significance of this variable may be 
overstated. The range of data for production quantity in the missiles dataset ranges 
from 533 to 469852; therefore, for the best results, extrapolating beyond this range is 
not advisable. Since this model is for full missile and munitions systems only, the 
resulting point estimate represents a schedule duration for a full system. 

4.2.4.3 M&M SER #3 

Since there were enough data points and several variables (tested individually) were at 
or near the significance level of α=0.20, three-variable models were explored for the 
missile commodity. The best three-independent variable SER model for missiles 
programs uses production quantity as the numeric explanatory variable and new and 
accelerated as indicator variables. The model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 3.858 ∗ 10ି଴.଴଴଴଴଴଴଼଴ଽ∗௉௥௢ௗ_ொ௧௬ ∗ 10଴.ଵଵଷଷ∗ே௘௪ ∗ 10ି଴.ଷଽଷ∗஺௖௖௘௟௘௥௔௧௘ௗ 

This model resulted in highly significant p-values for all variables (intercept, production 
quantity, new, and accelerated) and an overall model p-value of 0.0127. JDAM, JSOW 
AGM-154C, PrSM, and LRASM were flagged as potential outliers/influential points, but 
with so few data points and no logical reason, these programs were not excluded. The 
model has a MAD of 28.89%. The VIFs for the explanatory variables were low (all under 
1.05), so multicollinearity was not a problem in this model.  

This model also shows similar effects of production quantity and an accelerated 
acquisition approach on EMD schedule duration. Additionally, whether a program was 
new affects the schedule as well. This model shows that an accelerated acquisition 
approach decreases the EMD schedule by approximately 60%, and new programs have 
30% longer EMD durations than upgrade programs. Again, there were only two 
programs, LRASM and PrSM, that identified following accelerated acquisition 
approaches in their SARs. Therefore, the true significance of this variable may be 
overstated. The range of data for production quantity in the missiles dataset ranges 
from 533 to 469852; therefore, for the best results, extrapolating beyond this range is 
not advisable. Since this model is for full missile and munitions systems only, the 
resulting point estimate represents a schedule duration for a full system. 
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4.2.4.4 M&M SER Summary 

Overall, the missiles commodity resulted in two highly statistically significant models (at 
α=0.20) and had one of the largest number of program data points. Additionally, it 
appears that an accelerated acquisition approach, at least for missiles, may be a 
significant factor in a reduced EMD schedule duration; however, the true significance of 
this variable may be overstated.  

4.2.5 Ships 

4.2.5.1 Ships SER #1 

For the ships commodity, several programmatic variables were not able to be tested due 
to lack of data points or lack of variability (e.g., all ship programs were classified as 
“new,” so there was no way to test new vs. upgrade programs). There were no 
significant single-variable models using the given numeric explanatory variables, so 
variables for length (ft) and displacement (tons) were added, based on publicly available 
data. Additionally, an indicator variable for “warship” was added to the dataset to 
account for the complexity of a warship over a simple floating dock. The best SER 
model uses displacement as the numeric explanatory variable and warship as the 
indicator variable, where a value of 1 represents a warship and 0 represents a non-
warship. IOC duration is used as the dependent variable, as discussed in the 
benchmarking section. The model equation is defined below.  

𝐼𝑂𝐶_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 6.157 ∗ 10଴.଴଴଴଴଴଴଻ଶ଼∗஽௜௦௣௟௔௖௘௠௘௡௧ ∗ 10଴.ଶ଴ହଶ∗ௐ௔௥௦௛௜௣ 

While the independent variables in this model are not statistically significant at the 
α=0.20 significance level, this model had the best overall p-value (0.4496). ESB and 
LCS were flagged as potential outliers/influential points, but with so few data points and 
no logical reason, these programs were not excluded. The model has a MAD of 
42.24%, which is higher than the preferred benchmark of 30%. The VIFs for the 
explanatory variables were low (1.0001), so multicollinearity was not a problem in this 
model.  

This model shows that as the displacement increases, the EMD schedule duration 
decreases. Additionally, whether a ship is a warship affects the schedule as well. This 
model shows that the EMD schedule duration increases by approximately 60% if the 
ship is a warship, rather than a non-warship. The modeled effect of both variables 
makes sense, as displacement models ship size and warship models complexity, both 
of which would increase the EMD schedule. The range of data for displacement in the 
ships dataset ranges from 181 to 100,000 tons; therefore, for the best results, 
extrapolating beyond this range is not advisable. 
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4.2.5.2 Ships SER Summary 

Overall, the ships commodity did not result in any statistically significant models (at 
α=0.20) and had a small number of program data points (11). Warship was the only 
explanatory variable that, tested alone, neared the preferred significance level; however, 
as this is an indicator variable, the model using only this variable does not represent a 
usable model. This does indicate that whether or not a ship is a warship is a significant 
predictor of schedule duration, as warships are more complex than non-warships.  

4.2.6 Space 

4.2.6.1 Space SER #1 

For the space commodity, the best single independent variable SER model uses 
production quantity as the numeric explanatory variable and IOC duration as the 
dependent variable. The model equation is defined below.  

𝐼𝑂𝐶_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 9.306 ∗ 10ି଴.଴଴଴଴ଽ଻ଽ∗௉௥௢ௗ_ொ௧௬ 

While not significant at the α=0.20 significance level, this model had the best p-value 
(0.2557) for a single independent variable model. AEHF and GBS were flagged as 
potential outliers/influential points, but with so few data points and no logical reason, 
these programs were not excluded. The model has a MAD of 15.68%.  

This model shows that as the production quantity increases, the EMD schedule duration 
decreases. This makes sense, as smaller and/or less complex units are usually 
produced in larger quantities and would take less time to develop. The range of data for 
production quantity in the space dataset ranges from 0 to 1938; therefore, for the best 
results, extrapolating beyond this range is not advisable. However, this model is based 
on a small number of data points, and point estimates should be adjusted based on 
other technical/engineering factors.  

4.2.6.2 Space SER #2 

The best two-independent variable SER model for space programs uses production 
quantity as the numeric explanatory variable and new as an indicator variable, where a 
value of 1 represents a new program and a value of 0 represents an upgrade program. 
The model equation is defined below.  

𝐼𝑂𝐶_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 8.509 ∗ 10ି଴.଴଴଴ଵ଴ଵ∗௉௥௢ௗ_ொ௧௬ ∗ 10଴.଴ହ଴ସ∗ே௘௪ 

While the model using development quantity and new as explanatory variables had 
similar results, this model had the best overall p-value (0.5755). Again, AEHF and GBS 
were flagged as potential outliers/influential points, but with so few data points and no 
logical reason, these programs were not excluded. The model has a MAD of 14.45%. 
The VIFs for the explanatory variables were low (1.0167), so multicollinearity was not a 
problem in this model.  
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This model also shows that as the production quantity increases, the EMD schedule 
duration decreases. Additionally, whether a program was new affects the schedule as 
well. This model shows that a new program results in an approximately 10% longer 
EMD duration. The range of data for production quantity in the space dataset ranges 
from 0 to 1938; therefore, for the best results, extrapolating beyond this range is not 
advisable. However, this model is based on a small number of data points, and point 
estimates should be adjusted based on other technical/engineering factors.  

4.2.6.3 Space SER Summary 

Overall, the space commodity did not result in any statistically significant models (at 
α=0.20) and had the fewest number of program data points (five). The benchmarks 
showed that new programs had longer mean schedules than the single upgrade 
program, which the second SER model confirms.  

4.2.7 Wheeled and Tracked Vehicles (WTV) 

4.2.7.1 WTV SER #1 

For WTV, the best single independent variable SER model uses production quantity as 
the numeric explanatory variable and EMD duration as the dependent variable. The 
model equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 3.036 ∗ 10଴.଴଴଴଴଴ଵଶସ∗௉௥௢ௗ_ொ௧௬ 

This model had the best p-value (0.4288) for a single independent variable model. No 
data points were flagged as potential outliers, and the model has a MAD of 22.91%.  

This model shows that as the production quantity increases, the EMD schedule duration 
increases. This is the opposite effect from the other commodities and may be explained 
by the number of variants produced in a family of vehicles (FoV). Most all WTV 
programs were reported at the FoV level, rather than the variant level. A program with a 
larger number of variants, and therefore a larger production quantity, would likely take 
longer to develop the different variants. The range of data for production quantity in the 
WTV dataset ranges from 350 to 80228; therefore, for the best results, extrapolating 
beyond this range is not advisable. 

4.2.7.2 WTV SER #2 

The best two-independent variable SER model for WTV uses production quantity as the 
numeric explanatory variable and new as an indicator variable, where a value of 1 
represents a new program and a value of 0 represents an upgrade program. The model 
equation is defined below.  

𝐸𝑀𝐷_𝐷𝑢𝑟𝑎𝑡𝑖𝑜𝑛 = 2.530 ∗ 10଴.଴଴଴଴଴଴଺଻ଷ∗௉௥௢ௗ_ொ௧௬ ∗ 10଴.ଵଶ∗ே௘௪ 
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This model had the best p-values for all model variables and overall model p-value. 
Data points for Bradley Upgrade and PIM were flagged as being influential points; 
however, there was no logical reason to exclude these data points. The VIFs for the 
explanatory variables were low (1.1216), so multicollinearity was not a problem in this 
model. The model has a MAD of 20.15%.  

This model also shows that as the production quantity increases, the EMD schedule 
duration increases. Additionally, whether a program was new affects the schedule as 
well. This model shows that a new program results in an approximately 30% longer 
EMD duration. The range of data for production quantity in the WTV dataset ranges 
from 350 to 80228; therefore, for the best results, extrapolating beyond this range is not 
advisable. 

4.2.7.3 WTV SER Summary 

Overall, the SERs for the WTV commodity were not statistically significant at the α=0.20 
significance level. This makes logical sense, as the benchmarks for the WTV commodity 
showed the most consistent schedules across the entire commodity, and therefore had 
the least variation. Additionally, the benchmarks also showed that new programs had 
longer schedules than upgrade programs, which the second SER model confirms. 
When generating a point estimate for the WTV commodity, it is suggested to use the 
benchmarks, rather than the SERs, since the SERs were not statistically significant.  

5. Conclusion 
The results from this study demonstrate how schedule analysis can be used to support 
EMD schedule realism at a time when the DoD is under increasing pressure to deliver 
capability faster. As acquisition pathways evolve and program timelines compress, 
analysts must be able to inform decisions quickly and credibly or risk being sidelined 
from schedule and affordability discussions altogether.  

By collecting program schedule event dates for MS B, MS C, and IOC from SARs and 
normalizing these events across legacy and modern acquisition framework structures, 
this study establishes a consistent, data-driven foundation for defining what baseline 
development speed has historically been, before attempting to improve it. The 
benchmarks and SERs for EMD schedule duration presented here are intended to help 
establish that baseline.  

The benchmarks provide practical reference points for evaluating proposed schedules, 
identifying optimistic assumptions, and aligning funding and execution strategies with 
demonstrated historical performance. Results show that EMD schedule duration varies 
meaningfully by commodity, that new programs and upgrades exhibit systematically 
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different timelines, and that variation within commodities is smaller than variation across 
the portfolio, supporting commodity-level segmentation.   

The SERs further indicate that quantities are significant drivers of EMD duration for 
most commodities, year of technology is influential for software- and electronics-
intensive programs, and that program structure and execution choices (such as new 
versus upgrade program status, single- versus joint-service management, and use of 
accelerated acquisition approaches) are associated with measurable differences in 
schedule outcomes. 

Taken together, the benchmarks and SERs presented here are not intended to 
prescribe schedules or replace engineering judgment. Rather, they provide an empirical 
baseline for how fast programs have historically progressed through EMD, enabling 
analysts and decision-makers to clearly distinguish between realistic acceleration and 
unsupported optimism. In an acquisition environment increasingly focused on speed, 
establishing a defensible baseline is a necessary first step toward improving it.  

However, data availability remains a fundamental constraint on the Department’s ability 
to define and manage development speed. Out of the 183 programs included in this 
study, 38% could not be used in the MS B to MS C analysis and 56% could not be used 
in the MS B to IOC analysis due to at least one missing schedule event date in the SAR. 
This loss of otherwise eligible programs limits the statistical strength of both the 
benchmarks and the SERs across all commodities. More importantly, it exposes a 
structural risk to the Department’s broader objective of accelerating acquisition. Without 
consistent reporting of milestone and fielding event dates, the acquisition community 
cannot establish defensible baselines for development speed, measure progress toward 
faster outcomes, or credibly assess whether new acquisition approaches are improving 
performance. If future programs do not consistently report these schedule events, the 
Department will lack the empirical foundation required to define what “fast” means and 
to manage toward it.  

6. Next Steps and Applications 
Based on this research, several opportunities exist to extend EMD schedule analysis in 
ways that directly support leadership decisions under the Department’s emphasis on 
accelerated delivery. 

1. Future work should move beyond purely predictive modeling toward prescriptive 
analysis. Rather than asking only how long EMD is likely to take, subsequent 
research should examine which program structures, acquisition strategies, and 
management practices are most strongly associated with improved schedule 
outcomes. Such analysis would enable leaders and program managers to 
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evaluate execution alternatives and organizational constructs based on observed 
historical performance, rather than relying solely on qualitative judgment.  

2. Additional explanatory variables should be incorporated as data availability 
improves. Variables of particular interest include technology readiness and 
maturity, software intensity, system integration scope, test infrastructure 
readiness, and concurrency and overlap strategies between development, test, 
and production. These factors are consistently cited as drivers of schedule risk 
but are not systematically available in existing SAR reporting.  

3. Future research should evaluate whether combined SERs, using commodity as 
an indicator variable, would perform similarly to the commodity-specific models 
developed in this study. This would inform whether a unified modeling approach 
could be applied in situations where sample sizes within individual commodities 
remain limited.  

4. A family of SERs could be developed for intermediate EMD schedule events, 
such as Preliminary Design Review and Critical Design Review. Although these 
events are not consistently reported in SARs, intermediate-event SERs could 
provide analysts with defensible approximations of development phasing and 
enable more realistic schedule construction when formal reporting is incomplete.  

Finally, this study raises an important institutional question for the acquisition and 
analytical communities: after decades of analysis, is SAR data alone sufficient to 
support modern schedule estimation and execution oversight? While SARs continue 
to provide a necessary historical baseline, inconsistent event reporting and the 
absence of technical, integration, and test readiness metrics substantially limit their 
ability to support leadership decisions focused on accelerating delivery. These 
limitations are further amplified by the exclusion of programs executed under the 
Middle Tier of Acquisition (MTA) pathway, which are not required to submit SARs 
and therefore cannot be incorporated into enterprise schedule baselines. If the 
Department expects analysts to help define, assess, and manage development 
speed, new mechanisms for collecting consistent, event-level schedule data and key 
technical and integration indicators across acquisition pathways will be required. 
Without such improvements, the acquisition community will lack the empirical 
foundation necessary to establish realistic baselines for speed and to support the 
Secretary’s direction to move faster with confidence. 
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Appendix A: Literature Review Details 
A study conducted by Light et al. (2018) for the RAND Corporation addresses the 
persistent challenge of schedule overruns in defense acquisitions by developing a 
systematic framework for evaluating proposed program timelines against historical 
performance data. The study creates a benchmarking methodology that draws on 
Selected Acquisition Reports (SARs) to compare planned schedules with actual 
outcomes from similar historical programs. The research framework by RAND was 
focused only on five Air Force major defense acquisition programs then in development. 
By providing program managers, acquisition analysts, and decision-makers with 
empirical comparisons, the methodology enables more realistic assessment of whether 
proposed schedules are overly aggressive or appropriately conservative, ultimately 
supporting more informed planning and resource allocation decisions. The 
research represents an evidence-based approach to improving schedule estimation in 
the largest defense acquisitions, where delays have historically been common, costly, 
and publicly reported.  

A study by the RAND Corporation “Are Ships Different? Policies and Procedures for the 
Acquisition of Ship Programs” examines whether the United States Department of 
Defense’s (DoD) standard acquisition framework adequately addresses the unique 
characteristics of Naval ship programs, rather than Air Force programs. The 
research identified how major acquisition programs for the Navy did deviate from the 
standard department management processes. A major finding from this research was 
that ship programs have distinguishing features from other military programs. By 
comparing to related commodity types without some of the same challenges, 
researchers proposed policy improvements rather than developing a separate 
acquisition framework to alleviate challenges. Improvements included early 
collaboration between shipyards, weapon-system contractors, and Naval Sea Systems 
Command (NAVSEA), with responsibilities being dependent on the specific activity and 
lifecycle phase. In all, the goal of this study was to improve policies within the 
acquisition process for ship specific efforts. 

A study by Jones et al. (2023) investigates whether the DoD has improved the accuracy 
of cost and schedule estimates for Major Defense Acquisition Programs (MDAPs) over 
the last five decades from the 1970s through the 2010s. Using both descriptive and 
inferential statistical techniques, the study examines trends in Cost Growth Factors 
(CGFs) and schedule growth percentages throughout this period. The research found 
no statistically significant trends indicating that the DoD is improving the accuracy of 
cost or schedule estimates for MDAPs, as schedule growth showed no consistent 
pattern of increasing or decreasing changes throughout the five decades analyzed. 
However, the study did identify a statistically consistent reduction in the variances of 
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overall CGFs for MDAPs across the decades, representing what appears to be the first 
documented case of such variance reduction. Specifically, the analysis detected 
statistically significant differences in CGFs between the 1990s and 2010s, with the 
2010s exhibiting lower cost growth, as well as differences in Program Acquisition Unit 
Cost (PAUC) CGFs between these decades and slight differences between the 1970s 
and 2010s. While this finding suggests some improvement in cost estimate consistency 
and predictability, the absence of improved accuracy in point estimates indicates that 
despite decades of reform efforts, the fundamental challenge of accurately predicting 
MDAP costs and schedules remains largely unresolved. 

A paper presented by Augur Consulting at the ICEAA 2024 Professional Development & 
Training Workshop addresses the unique challenges of conducting schedule risk 
analyses in early acquisition environments where projects have limited maturity and 
definition. The paper, Schedule Risk at Early Acquisition, distinguishes between two 
types of low maturity environments. One is low schedule maturity, where schedules lack 
detail and task-level definition. The other, low technical/acquisition maturity is where 
requirements, design concepts, and acquisition strategies are not yet fully 
developed. Both environments prevent the application of traditional Schedule Risk 
Analysis (SRA) methods recommended by GAO's Best Practices. The authors 
presented several distinct techniques for modeling schedule risk and uncertainty 
tailored to varying levels of program maturity. However, the techniques results 
yielded that no single technique fits all situations and recommends hybrid approaches 
that combine multiple methods tailored to specific program elements, while 
acknowledging that schedule risk analysis should be iterative and refined as programs 
mature through the acquisition lifecycle. The authors conclude that understanding 
schedule risk and uncertainty is critical at all project phases to enable realistic 
completion date reporting, proactive risk mitigation, and effective stakeholder 
management, even when traditional SRA methodologies are infeasible.  

Recent literature has highlighted structural and execution challenges associated with 
the DoD Middle Tier of Acquisition (MTA) pathway, which was created to accelerate 
capability delivery through rapid prototyping and rapid fielding within a two-to five-
year timeframe. A 2023 Government Accountability Office (GAO) review of 15 MTA 
programs across the military services and U.S. Special Operations Command found 
that, despite the pathway’s intent, oversight and transparency are limited by unclear 
reporting guidance, inconsistent data frameworks, and inaccurate program information 
provided by components. These issues constrain the ability of senior acquisition officials 
to effectively monitor program progress, assess technical maturity, and evaluate 
schedule and cost realism. The GAO further found that service-level MTA policies only 
partially incorporate leading product development principles, such as establishing sound 
business cases, using iterative development approaches, prioritizing schedule over 
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nonessential requirements, and incorporating user feedback. Program case studies 
illustrated the consequences of these gaps, including programs entering production 
before resolving prototype deficiencies, restructuring after technical setbacks, and 
extending beyond statutory time limits. Collectively, the literature suggests that while the 
MTA pathway offers potential for faster capability delivery, weaknesses in oversight 
mechanisms, data reliability, and development discipline limit its effectiveness, 
prompting GAO recommendations for improved documentation, clearer guidance, more 
reliable reporting, and fuller adoption of proven development practices.  

Voth, Moseley, and Hawpe (2022) examine the persistent underestimation of schedules 
in U.S. DoD major defense acquisition programs and attribute this phenomenon to 
optimism bias and the planning fallacy inherent in traditional forecasting 
approaches. Using historical schedule data from more than 100 completed programs, 
they show that schedule delays are common and systematic rather than the result of 
isolated management failures. The authors argue that this pattern stems from optimism 
bias, as planners often rely too heavily on program-specific expectations and give 
insufficient weight to how similar programs have performed in the past. To mitigate this 
bias, the paper promotes Reference Class Forecasting, which bases schedule 
estimates on observed outcomes from comparable completed programs. The authors 
conclude that incorporating this broader historical perspective can lead to more realistic 
schedule forecasts and improve decision-making early in the acquisition process.  

The DoD’s Performance of the Defense Acquisition System report (2016) provides a 
data-driven assessment of cost, schedule, and technical performance across major 
defense acquisition programs (MDAPs), highlighting both progress and ongoing 
challenges. The report finds that cost growth on MDAPs is lower than historical 
averages, reaching a multi-decade low, while schedule growth remains modest despite 
increasing technical complexity. It also challenges common perceptions about frequent 
requirement changes and systemic procurement issues, showing that high-level 
requirements are generally stable and protest sustainment rates are low. Beyond 
program outcomes, the report emphasizes internal process improvements, including 
workforce development, acquisition strategy updates, and enhanced program oversight, 
while noting that declining rates of new major program starts could pose long-term risks 
to technological superiority. Overall, the report concludes that while the acquisition 
system shows measurable improvements, sustained attention to cost control, schedule 
realism, performance metrics, and workforce capability remains essential 
to maintaining effective defense acquisition outcomes.  

To improve the accuracy of schedule forecasts for defense acquisition programs, a 
study conducted by Jimenez (2016) for the Air Force Institute of Technology analyzes 
the factors that influence the time from program initiation to initial operational capability 
(IOC). Using data from 56 historical programs, the study develops a statistical model 
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to determine which early program characteristics most strongly affect overall schedule 
length. Key factors include whether a program is entirely new or a modification, the year 
it began (reflecting policy and acquisition changes), and the amount and proportion of 
Research, Development, Test, and Evaluation (RDT&E) funding allocated prior to 
MilestoneௗB. The results show that programs with higher early RDT&E investment tend 
to reach IOC more quickly, and that these pre-MilestoneௗB indicators collectively 
explain a significant portion of schedule variation. The study demonstrates that early 
program attributes can provide meaningful guidance for more realistic schedule 
planning in defense acquisition programs. 

Most recently, the Government Accountability Office’s 2024 Weapon Systems Annual 
Assessment finds that, despite extensive investment in defense acquisition and recent 
policy reforms intended to accelerate delivery, the DoD continues to struggle to field 
new weapon systems quickly and efficiently. GAO’s analysis of more than 100 of the 
department’s costliest programs shows that major defense acquisition programs 
(MDAPs) still experience long development timelines with average cycle times 
exceeding ten years and delays increasing relative to original plans and that middle-
tier acquisition (MTA) efforts designed for rapid prototyping and fielding frequently lack 
plans to adopt leading practices, limiting their potential speed advantages. The report 
further identifies persistent reliance on linear development approaches, uneven 
implementation of modern software development methods, and challenges in 
scheduling key cybersecurity activities as obstacles to faster delivery, and highlights 
workforce constraints, particularly in software expertise, as a barrier to overseeing 
complex, software intensive systems. GAO recommends that DOD document how MTA 
programs will use leading product development practices and more clearly define goals 
and strategies for expanding its software acquisition workforce to help bridge the gap 
between intent and performance. 
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