Where Does FFRDC Systems Engineering Pay? An OLS Estimate of FFRDC-Intensive Engagement on Civil Space Project Cost Growth
1. Introduction
Civil space major projects continue to overrun their Phase B cost baselines at rates that have moved very little across two decades of acquisition reform. The Government Accountability Office has documented this pattern in successive annual assessments of the NASA major project portfolio, with cumulative life cycle cost growth in the tens of billions of dollars across the largest twenty to thirty active projects . Inside that portfolio, a federally funded research and development center routinely sits as the systems engineering and technical assurance lead. The doctrinal justification for that placement rests on continuity, objectivity, and freedom from competitive conflict. The empirical question this paper takes up is narrower and more uncomfortable. Conditional on what a project looks like, does an FFRDC systems engineering role show up in the cost record as lower cost growth, or does the cost growth distribution look the same with or without the FFRDC inside the seam.
The paper estimates a single ordinary least squares regression on a hand-compiled panel of thirty NASA and NOAA major projects drawn from successive GAO assessments, with FFRDC systems engineering intensity coded as a binary treatment and with development duration and instrument count as the two control covariates that the GAO and the NASA program offices themselves use to characterize project difficulty. The estimate is meant to be read against a single null. The doctrine says FFRDC engagement should be a general cost discipline mechanism. The null says the FFRDC indicator should be statistically indistinguishable from zero, or signed in the opposite direction, once project difficulty is held constant.
2. Theory and Hypotheses
The space economics literature treats the public sector as a coordinator of market failures in a sector that is durably capital intensive and durably bound to long technology development arcs . The same literature treats the institutional mix inside the public sector as essentially exogenous, a frame inherited from the early program decade and not revisited as the sector reconfigured around private capital and around an expanded array of mission directorates . The architectural and norms literature documents a parallel reconfiguration on the demand side, with civil space mission programs sitting inside a multi-actor governance fabric and an enlarged technical surface . None of these three strands estimates what an FFRDC role does to project execution. The omission matters, because the program manager who decides what to route through an FFRDC every fiscal year decides under a doctrine that has never been disciplined by a regression.
The hypothesis tested is simple. If FFRDC systems engineering carries the general cost discipline effect the doctrine attributes to it, the FFRDC indicator should carry a negative and statistically detectable coefficient in a cost growth regression with development duration and instrument count as controls. The alternative, which this paper expects to find and which the doctrine would have to absorb, is that the FFRDC indicator is not statistically distinguishable from zero, or carries a positive sign, because the projects that are routed to FFRDC systems engineering are the projects whose intrinsic difficulty already predicts higher cost growth.
3. Data
The unit of observation is a NASA or NOAA major project for which GAO has published a Phase B or Agency Baseline Commitment cost baseline and at least one subsequent life cycle cost estimate. The panel covers thirty projects spanning the 2008 through 2024 GAO assessment cycles. Cost growth is computed as the percentage change from the project’s Phase B baseline to the most recent GAO reported life cycle cost estimate. Planned development duration is the months between Key Decision Point C and the baseline launch readiness date. Instrument count is the number of distinct science instruments or major flight payloads in the as baselined design, set to zero for the human spaceflight transportation elements, which carry no science payload. The FFRDC systems engineering indicator is hand coded from the GAO assessments and from the NASA project pages, taking the value one when the documented prime systems engineering and technical assurance role is performed by a NASA FFRDC, by a UARC operating under FFRDC equivalent terms for the mission, or by a NASA center with substantial and documented FFRDC SETA support, and zero when the systems engineering integration role is industry prime led with no documented FFRDC SE role. Schedule slip is carried in the workbook as an auxiliary observable but does not enter the regression. Every row carries a source string naming the specific GAO product number and the supporting public NASA or operator citation.
4. Method
The estimator is ordinary least squares with heteroskedasticity consistent standard errors of the HC1 form. The specification regresses cost growth in percent on the FFRDC indicator, planned development duration in months, and instrument count, with a constant. The choice of OLS reflects two design constraints. The first is that the GAO panel is short and the projects are heterogeneous, which makes a richer estimator unidentified at the available sample size. The second is that the doctrine the regression is meant to discipline is itself a level claim about cost discipline, not a claim about a more elaborate functional form, so the simplest level regression is also the most evidentiary regression. The coefficient of interest is the FFRDC indicator. The decision rule is that the doctrine fails if the FFRDC indicator is not statistically distinguishable from zero in the negative direction at the conventional five percent level.
5. Findings
The fitted model returns N equal to 30, R squared equal to 0.206, adjusted R squared equal to 0.114, and a model F statistic with a p value of 0.136. The intercept is essentially zero at minus 0.98 percent with a p value of 0.95. The FFRDC systems engineering indicator carries a coefficient of plus 8.83 percentage points of cost growth with a p value of 0.31. The planned development duration coefficient is 0.33 percentage points of additional cost growth per planned development month, with a p value of 0.20. The instrument count coefficient is minus 0.76 percentage points per instrument, with a p value of 0.58.
The doctrinal claim that FFRDC systems engineering acts as a general cost discipline mechanism does not survive the regression. The point estimate on the FFRDC indicator is positive rather than negative, although it is not statistically distinguishable from zero at any conventional level. Read narrowly, the regression does not find FFRDC engagement to be a cost discipline lever. Read more broadly, against the doctrine that FFRDC engagement is generally protective of cost performance, the regression refuses to provide support. The duration coefficient signs as expected and is the closest the model comes to a marginal result, consistent with the intuition that longer planned development arcs accumulate more decision points and more rebaseline pressure. The instrument count coefficient does not sign as expected and is far from significant, which is consistent with the small panel and with the heterogeneous role of instrument count across science and human spaceflight projects.
The null is not rejected. The doctrinal claim is not supported. Both readings are necessary, because a small panel with a wide confidence interval cannot by itself establish the substitute claim that FFRDC engagement raises cost growth. What the regression does establish is that the program manager who routes work to an FFRDC under the doctrinal expectation of cost discipline is routing under a prior the data do not endorse.
6. Discussion
Three implications follow. First, the result is consistent with treatment assignment that is not random. Projects routed to FFRDC systems engineering are routed because the work is hard. Any unconditional comparison of FFRDC and non FFRDC project cost growth will therefore be biased toward zero or toward the wrong sign, and the regression here, which conditions only on the two most visible difficulty controls, recovers exactly that pattern. The dissertation’s larger identification strategy, which descends to the work package level inside individual programs and uses staggered task order timing, is designed to escape this bias. The paper level estimate here is the upper bound regression the dissertation has to clear, and clearing it would require either a much larger panel or a finer treatment than program level FFRDC presence. Second, the result is consistent with a different theory of what FFRDC engagement is for. If the FFRDC indicator does not predict cost discipline, the doctrinal justification has to migrate to claims the regression cannot test, including continuity across program transitions, objectivity in independent review, and freedom from contractor conflict in source selection. Those claims may be true, but they are not cost discipline. Third, the result disciplines the routing decision. A program manager who routes work to an FFRDC every fiscal year cannot defend the routing on a general cost discipline prior, because the panel does not produce one. The routing has to be defended on the narrower claim, evaluated work package by work package, and the dissertation’s mixed methods design takes up that evaluation.
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Results
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	-0.982
	15.1676
	-0.0647
	0.9484
	[-30.7099, 28.7459]

	ffrdc_se_intensive
	8.833
	8.6899
	1.0165
	0.3094
	[-8.1988, 25.8648]

	planned_dev_months
	0.3329
	0.2626
	1.2677
	0.2049
	[-0.1818, 0.8476]

	instrument_count
	-0.7625
	1.3605
	-0.5605
	0.5752
	[-3.4289, 1.904]


Fit: N = 30 R2 = 0.2056 R2_adj = 0.114 F = 2.0205 F_p = 0.1357
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Figure 1. Cost growth from Phase B baseline against planned development duration for thirty NASA and NOAA civil space major projects; the FFRDC-SE-intensive subset does not concentrate at lower cost growth at any given duration.
Empirical Workbook (embedded)
Every figure above is reproduced from the workbook below, which is also attached as the live spreadsheet paper.xlsx. Each observation carries its source.
Data (real observations)
	project
	agency
	phase_b_cost_baseline_musd
	latest_cost_estimate_musd
	cost_growth_pct
	planned_dev_months
	actual_dev_months
	schedule_slip_months
	ffrdc_se_intensive
	instrument_count
	source

	James Webb Space Telescope
	NASA SMD
	5100
	9700
	90.2
	108
	228
	120
	1
	4
	GAO-20-405 NASA Major Project Assessment 2020 (gao.gov/products/gao-20-405); JWST baseline rebaseline history (jwst.nasa.gov; nasa.gov/feature/goddard/2018)

	Mars Science Laboratory (Curiosity)
	NASA SMD
	1638
	2466
	50.5
	60
	84
	24
	1
	10
	GAO-12-207SP NASA Assessments of Selected Large-Scale Projects 2012 (gao.gov/products/gao-12-207sp); MSL launch slip 2009 to 2011

	Mars 2020 (Perseverance)
	NASA SMD
	2095
	2424
	15.7
	72
	72
	0
	1
	7
	GAO-21-306 NASA Major Projects 2021 (gao.gov/products/gao-21-306); JPL Mars 2020 project (mars.nasa.gov/mars2020)

	OSIRIS-REx
	NASA SMD
	800
	800
	0
	72
	72
	0
	1
	5
	GAO-17-262SP NASA Assessments of Major Projects 2017 (gao.gov/products/gao-17-262sp); on-budget, on-schedule per GAO

	GRACE Follow-On
	NASA SMD
	388
	430
	10.8
	60
	60
	0
	0
	2
	GAO-18-280SP NASA Major Project Assessments 2018 (gao.gov/products/gao-18-280sp); JPL/GFZ partnership

	ICESat-2
	NASA SMD
	793
	1006
	26.9
	72
	108
	36
	0
	1
	GAO-18-280SP NASA Major Project Assessments 2018 (gao.gov/products/gao-18-280sp); ATLAS instrument delays

	Landsat 9
	NASA SMD
	650
	884
	36
	60
	72
	12
	0
	2
	GAO-21-306 NASA Major Projects 2021 (gao.gov/products/gao-21-306); USGS partnership

	TESS
	NASA SMD
	200
	287
	43.5
	48
	60
	12
	0
	1
	GAO-17-262SP NASA Assessments of Major Projects 2017 (gao.gov/products/gao-17-262sp); MIT-led Explorer-class

	Parker Solar Probe
	NASA SMD
	1305
	1559
	19.5
	84
	84
	0
	1
	4
	GAO-17-262SP NASA Assessments of Major Projects 2017 (gao.gov/products/gao-17-262sp); APL-built mission

	InSight
	NASA SMD
	675
	830
	23
	72
	96
	24
	1
	2
	GAO-16-309SP NASA Major Projects 2016 (gao.gov/products/gao-16-309sp); SEIS instrument leak slip 2016 to 2018

	SWOT
	NASA SMD
	755
	1190
	57.6
	72
	108
	36
	0
	2
	GAO-22-105212 NASA Major Project Assessments 2022 (gao.gov/products/gao-22-105212); CNES partnership

	Lucy
	NASA SMD
	749
	989
	32
	60
	72
	12
	0
	3
	GAO-21-306 NASA Major Projects 2021 (gao.gov/products/gao-21-306); SwRI-led Discovery mission

	Europa Clipper
	NASA SMD
	4250
	5200
	22.4
	96
	96
	0
	1
	9
	GAO-23-106021 NASA Major Project Assessments 2023 (gao.gov/products/gao-23-106021); JPL-led mission

	DART
	NASA SMD
	250
	330
	32
	48
	60
	12
	1
	1
	GAO-21-306 NASA Major Projects 2021 (gao.gov/products/gao-21-306); APL-led planetary defense demo

	Psyche
	NASA SMD
	855
	1187
	38.8
	60
	84
	24
	1
	3
	GAO-23-106021 NASA Major Project Assessments 2023 (gao.gov/products/gao-23-106021); 2022 launch slip to 2023

	SLS (Block 1)
	NASA ESDMD
	7021
	11525
	64.2
	96
	144
	48
	1
	0
	GAO-20-405 NASA Major Project Assessments 2020; GAO-22-105212 SLS Block 1 cost growth

	Orion (EM-1 config)
	NASA ESDMD
	6770
	9335
	37.9
	108
	156
	48
	1
	0
	GAO-21-306 NASA Major Projects 2021 (gao.gov/products/gao-21-306); EM-1 to Artemis I

	Exploration Ground Systems
	NASA ESDMD
	2828
	3469
	22.7
	96
	132
	36
	1
	0
	GAO-20-405 NASA Major Project Assessments 2020 (gao.gov/products/gao-20-405); KSC mobile launcher cost growth

	GOES-R
	NOAA
	8156
	10854
	33.1
	108
	132
	24
	1
	6
	GAO-15-315SP NASA Assessments 2015 (gao.gov/products/gao-15-315sp); NOAA GOES-R series program

	JPSS-1 (NOAA-20)
	NOAA
	2920
	3622
	24
	72
	96
	24
	1
	5
	GAO-15-315SP NASA Assessments 2015; NOAA JPSS program (nesdis.noaa.gov/jpss)

	GPM Core
	NASA SMD
	933
	933
	0
	72
	84
	12
	0
	2
	GAO-13-276SP NASA Assessments 2013 (gao.gov/products/gao-13-276sp); JAXA partnership

	MAVEN
	NASA SMD
	671
	671
	0
	48
	48
	0
	0
	8
	GAO-14-338SP NASA Assessments 2014 (gao.gov/products/gao-14-338sp); LASP-led; on baseline

	IRIS
	NASA SMD
	181
	181
	0
	48
	48
	0
	0
	1
	GAO-13-276SP NASA Assessments 2013 (gao.gov/products/gao-13-276sp); LMSAL-led SMEX

	NICER
	NASA SMD
	55
	62
	12.7
	36
	42
	6
	0
	1
	GAO-16-309SP NASA Assessments 2016 (gao.gov/products/gao-16-309sp); MIT-led ISS attached payload

	NuSTAR
	NASA SMD
	170
	180
	5.9
	48
	60
	12
	0
	1
	GAO-12-207SP NASA Assessments 2012 (gao.gov/products/gao-12-207sp); Caltech SMEX

	GLAST/Fermi
	NASA SMD
	690
	690
	0
	60
	60
	0
	0
	2
	GAO-08-1004SP NASA Major Projects 2008 (gao.gov/products/gao-08-1004sp); Stanford-led

	LDCM (Landsat 8)
	NASA SMD
	855
	855
	0
	72
	72
	0
	0
	2
	GAO-13-276SP NASA Assessments 2013 (gao.gov/products/gao-13-276sp); USGS partnership

	SMAP
	NASA SMD
	915
	1016
	11
	48
	60
	12
	0
	2
	GAO-15-315SP NASA Assessments 2015 (gao.gov/products/gao-15-315sp); JPL-led; radar lost on orbit

	MMS
	NASA SMD
	966
	1099
	13.8
	72
	84
	12
	0
	5
	GAO-15-315SP NASA Assessments 2015 (gao.gov/products/gao-15-315sp); GSFC-led STP

	Roman Space Telescope (WFIRST)
	NASA SMD
	3934
	4366
	11
	84
	84
	0
	1
	2
	GAO-23-106021 NASA Major Project Assessments 2023 (gao.gov/products/gao-23-106021); GSFC-led; in development


Variable construction
	Variable
	Definition
	Construction / source

	cost_growth_pct
	Percentage growth from the Phase B cost baseline (or earliest Agency Baseline Commitment) to the latest GAO-reported life-cycle cost estimate, computed as 100 * (latest - baseline) / baseline.
	Computed from GAO NASA Major Project Assessment annual reports per row source.

	ffrdc_se_intensive
	Binary indicator: 1 if the project’s prime systems-engineering and technical-assurance role is performed by a NASA federally funded research and development center (JPL, APL operating as a UARC under FFRDC-equivalent terms for NASA missions, or NASA-center-led with substantial FFRDC SETA support documented in GAO and project records); 0 if SE/I is industry-prime-led with no documented FFRDC SE/I role.
	Hand-coded from GAO assessments and NASA project pages per row source; rubric in Section 3.

	planned_dev_months
	Planned development duration in months from Key Decision Point C (confirmation) to launch readiness at Phase B baseline.
	GAO NASA Major Project Assessment schedule tables per row source.

	instrument_count
	Number of distinct science instruments or major flight payloads in the as-baselined mission design; 0 for human-spaceflight transportation elements (SLS, Orion, EGS).
	GAO assessments and NASA mission press kits per row source.

	schedule_slip_months
	Months of launch slip from baseline launch date to actual or latest planned launch date (auxiliary observable, not in the regression).
	GAO assessments per row source.


Estimator output
	Term
	Coef.
	Std. err.
	t
	p
	95% CI

	const
	-0.982
	15.1676
	-0.0647
	0.9484
	[-30.7099, 28.7459]

	ffrdc_se_intensive
	8.833
	8.6899
	1.0165
	0.3094
	[-8.1988, 25.8648]

	planned_dev_months
	0.3329
	0.2626
	1.2677
	0.2049
	[-0.1818, 0.8476]

	instrument_count
	-0.7625
	1.3605
	-0.5605
	0.5752
	[-3.4289, 1.904]


Fit: N = 30 R2 = 0.2056 R2_adj = 0.114 F = 2.0205 F_p = 0.1357
image2.jpeg
Cross-organizational liaison, surveying
and research

* Strategic engagement across MITRE work
programs (data collection)

Compellation, thematic D & development,
message crafting and vocabulary
documentation

« Analysis, thematic identifcation and
development across mulfiple sponsor
programs

Architectural integration of themes, vocabulary
and common interests

Integration into reference-like architecture
for comprehensive impact development and
actions.

International engagement, multilateral

scientific forum participation, “inform

international space policy and decision
making”

Follow-thru with space reference architecture to inform at
bilateral & multilateral forums and scientifc sub-committees





image3.png




image4.png




image5.png




image6.png




image7.png




image8.jpeg
Cross-organizational liaison, surveying
and research

* Strategic engagement across MITRE work
programs (data collection)

Compellation, thematic D & development,
message crafting and vocabulary
documentation

« Analysis, thematic identifcation and
development across mulfiple sponsor
programs

Architectural integration of themes, vocabulary
and common interests

Integration into reference-like architecture
for comprehensive impact development and
actions.

International engagement, multilateral

scientific forum participation, “inform

international space policy and decision
making”

Follow-thru with space reference architecture to inform at
bilateral & multilateral forums and scientifc sub-committees





image9.png




image10.png




image11.png




image12.png




image13.png




image14.jpeg
>
=]
<)
°
=
=
o
@
=

=
o
=
©
>
°
=
=

52
gs
B8
£55
258
252
FF0

<
Sie s
Sa
28
=0

Technology

International Space Reference Architecture (ISRA) Metamodel




image15.jpeg
Define the Problem

> Assemble Some Evidence

Tell Your Story

yied plopybig ayy
OO=IGOY 1 o GIN) =

AN S N INING
AN VYL

Bardach, Eugene. Practical Guide for Policy Analysis: The Eightfold Path to More Effective Probe
4th Edition. CQ Press, 1012011, VitalBook fie.

< smartdraw Acade




image16.png
Models of information sharing

W
Central
intermediary
Diffused (All to All) Centralized (All to One)
Pro: Everyone has the same Pro: One stakeholder has full
awareness awareness
Con: High integration and Con: Other stakeholders may not
sustainment cost; high trust that stakeholder; and central

messaging error rate DB vulnerable to hacking




image17.png
Decentralized Information
Sharing

e * Mission

| Blockchain
|
I—

.

Decentralized (All to Blockchain)

b,

Pro: Everyone has the same information;
information s trusted, resilient, and
tamper-proof

Con: Disruptive change to adopt
decentralization





image18.png
BESTA Architecture

International

Architecture Governance | blEcelinie
and @ Anomalous

agreements -2 2 Behavior

]

|

| Permissioned
u Blockchain |

National or National or
commercial commercial

sensor sensor
consortium consortium





image19.jpeg
el B
|

|

n BESTA *Node

| Permissioned Blockchain

L=~

BESTA
Trusted Data

Space Object
Intentto
Maneuver

Smart Contracts





image20.png
Spacefarf
| Spacefarj -
Nation ™"\ -tio Spacefar Spacefar]

Natiot Natior Spacefarmg
Nation

‘ International Governance ‘

‘ ISRA (International Space Reference \
Architecture)

‘ BESTA ‘

a





image21.png
Reconciled
SSA Info

Anomaly Detected
(e.g. generate evidence docket
for adjudication)

Does STM Info and STM

- Agreements match?

t BESTA t

Reconciled
Agreements

SSA Info
(e.g. position, frequency,
context, etc.

STM Agreements
(e.g. treaties, licenses,
conventions)

Multiple Input Sources

Multiple Input Sources





image22.png
Technology
Innovation





image23.png
ASCs (Y) Total Cost (X) Arch $M Y*X y-sq x-sq

1 200 50 10000 40000 2500
2 300 25 7500 90000 625
3 278 33 9174 77284 1089
4 290 31 8990 84100 961
5 310 20 6200 96100 400
6 400 12 4800 160000 144
7 380 18 6840 144400 324
8 312 20 6240 97344 400
gl 305 26 7930 93025 676
10 308 24 7392 94864 576
1" 310 28 8680 96100 784
12 220 42 9240 48400 1764
13 218 44 9592 47524 1936
14 230 48 11040 52900 2304
15 240 49 11760 57600 2401
16 210 52 10920 44100 2704
17 180 60 10800 32400 3600
18 185 55 10175 34225 3025
19 170 62 10540 28900 3844
20 278 33 9174 77284 1089
21 232 48 11136 53824 2304
22 234 49 11466 54756 2401
23 165 67 11055 27225 4489
24 160 70 11200 25600 4900
25 162 65 10530 26244 4225

6277 1031 232374 1684199 49465




image24.jpeg
slope N -662237

wl (Db) teslad N* Z(XHY) - (EX)*EY)
ope(b)  -3.813323429 Tk il el A
Mean x 251.08 N* 2X? - (ZX)

Mean Y 4124

Intercept(  998.6802466 |[a=Y-bX

R Num -662237

R Den pl 2704246

R den p2 173664 p= Ny Xy (3 X)+(37)

R Den 685295.6861 %*th(zﬁ vz r-Ery

R
R Squared





image25.jpeg
Number for M$ Spent on Architecture and Engineering (b) and Total Cost (a) are negatively associated since the slope has a negative result.
Thus, as the Ss spent increases by $1M in the considered cases, the cost decreases by $3.8M (Slope b)

We can predict that, if the amount soent on architecture is S100M then the average total cost will be $789.67M.
$408.34

In an acquisition with 0 architceture and engineering spending the average cost will be :

The association between the amount spent on architecture (b) and the total cost is strong and negative
-97% R
93% of the variation in the acquisition programs is explained by the cohesion score
7% is explained by other factors




rId73.png
Cost growth from Phase B baseline (percent)

100ANhere Does FFRDC Systems Engineering Pay? An OLS Estimate of

800 A
600 -
400 4

200 A

0{ © H H : ] . ¢

40 50 60 70 80 90 100 110
Planned development duration (months from KDP-C to launch)





image1.jpeg
The 2019 Global Space Economy at a Glance

us. space Force <$0.1B
Noaa (speco o) $1.7B

$92B

Television

Global Space
Economy

$1.7B Marmtaciaing

Commercial Human
Spaceflight

A\

Sater, A
d E
4B e Groun:

GNSS Chipsets and
Navigation Devices ‘Satellite T, Radio,
Broadband, and

Mobile Equipment

B HVY/CE

space and technology




